
Robust and Imperceptible Region Based
Watermarking on Medical Images

K. Swaraja, K. Meenakshi, Padmavathi Kora, and G. Karuna

Abstract Telemedicine is the remote delivery of health care services to evaluate,
diagnose and treat patients using common technology, such as video conferencing
and smart phones, without the need for an in-person visit. There is likelihood in
altering the medical images purposely or unintentionally while transmitting over
covert channel. The Physician confirms the diagnosis region obtained from the
medical image as region of interest (ROI), prior to interpreting any report on evalua-
tion. Watermarking scheme for medical images exploring DCT domain is conferred
in this proposal. Fuzzy c algorithm is utilized in segmenting the assessment region
(ROI) and non-interest region (RONI), further the watermark is inserted through
modulation scheme termed as M-ary. The scheme efficacy is determined for MRI
medical images through simulation by computation of quality metrics such as PSNR
and NCC.

Keywords Medical image watermarking · Region of interest · Fuzzy c-means ·
M-ary modulation

1 Introduction

Internet is the most innovative improvement in the existing technology. In our exis-
tence, health care is the most significant application of internet to health concern
providers as Electronic Patient Record (EPR) is transferred to dissimilar organi-
zations. The watermarking schemes in the telemedicine area [1–3] entail extreme
caution while inserting extra data inside the medical images as the added data need
not distress the quality of the image. Therefore, to overcome the difficulty of memory
exploitation as well as to defend the medical details against illicit handling, water-
marking for medical images is employed. Thus in this work, a watermarking system
exploiting the M-ary modulation scheme is proposed. The image with medical details
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A Robust Watermarking Using RDWT
and Slant Transform Using Hybrid
Firefly and Differential Evolution
Optimization Algorithm

K. Meenakshi, K. Swaraja, Padmavathi Kora, and G. Karuna

Abstract In this work, an optimized watermarking framework is proposed with the
hybrid combination of two metaheuristic algorithms-firefly optimization and differ-
ential evolution, namely HFADE. The cover image is partitioned into 4 × 4 sub-
blocks, and the watermark is concealed in the slant domain using Quantized Index
Modulation (QIM). The optimized thresholds obtained with HFADE used in quanti-
zation to improve imperceptibility and robustness. Peak Signal to noise ratio(PSNR)
and Normalized Cross Correlation (NCC) are used for evaluation of the proposed
watermarking scheme. The fitness function for HFADE is taken as the reciprocal
of mean square error between the watermarked and cover image. Simulation out-
comes convey that the proposed scheme maintains improved imperceptibility, and
the watermark extracted from a seriously distorted image.

Keywords Differential evolution · Firefly · Slant transform · Quantization index
modulation

1 Introduction

The improvement of Internet and computer input-output devices has made the broad-
cast and alteration of digital content without difficulty. With the advanced editing
technologies, an edited copy appears similar to the original. So, the security of
ownership of digital content has become the utmost concern. Digital watermarking
[1–16] is evolved to protect the interests of owners from the copyright infringement.
The three trade-off parameters of watermarking scheme are transparency, robustness
and capacity. Further, it must not suffer from the false positive problems. Optimiza-
tion algorithms such as Fuzzy logic [17, 18], Genetic Algorithm [19], Differential
Evolution (DE) [1] are used to optimize the mutually conflicting parameters of
transparency and robustness.
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Artificial Intelligence Based Learning
Approach for Leaf Disease Identification
and Detection

G. Karuna, K. Sahithi, B. Rupa, R. Amani, K. Swaraja, and K. Meenakshi

Abstract Plants and Crops get diseased due to many reasons. It might be because
of diseases of stems, leaves, roots etc. This Paper mainly congregates on leaves.
Leaf Disease identification and Detection has many applications for cultivators and
farmers to know whether the plant is diseased or not. So that they can retort in dwarf
time and decreasing the loss and then can obtain immense profits. This paper mainly
focused at learning the disease of plant through leaves. Here, we scrutinize the leaf
through Image Processing and extract features of particular leaf and then utilizing
those features as a dataset and done preprocessing and then administering them in
Artificial Intelligence based learning algorithms like Convolutional Neural Networks
to find disease.

Keywords Leaf disease · Neural networks · Features

1 Introduction

In the Earth, India is the second powerful Country in terms of population and also
Food is one of the essential one to a person in order to survive. We are acquiring food
from plants and so we have to safeguard our plants from diseases. Diseases of plants
are normally due to insects, pests, pathogens and reduce the fertility to an extreme
extent if not managed with in time.

Now-A-Days technology plays important role in most of the fields yet till this day
we are applying some past approaches in farming. Knowing the plant’s condition
plays a vital role for productive farming [1]. Detection is happened normally by
the scientists but due to the so many changes in the environment, the detection is
becoming tough. So we can practice processing of image techniques for recognition
of disease of a plant. Normally we can get to know the symptoms of diseases on stems,
leafs, flowers etc. so here we mainly utilize leaves for recognition of diseased plants.
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Performance Analysis of Machine Learning
Algorithms for Text Classification

Manda Thejaswee(B), V. Srilakshmi, K. Anuradha, and G. Karuna

Computer Science and Engineering GRIET, Hyderabad, India

Abstract. In the current century, the number of complex documents and mes-
sages requiring a top-to-bottom understanding of ML strategies that precisely
identify texts in different applications is increasing. In natural language process-
ing, several ML techniques have produced impressive results. The achievement of
these learning calculations relies on their ability to comprehend complex models
and non-linear data relationships. In any case, identifying right text classification
structures and procedures is still a test for researchers. A brief overview of text
classification algorithms is presented in this paper. This review includes numerous
methods of selecting text elements, current algorithms and techniques and methods
of evaluation. In this analysis different TF-IDF Vectorizer features are compared
to find the set that works best under different classification models. The objective
of phishing website URLs is to purloin the personal information like user name,
passwords and online banking transactions. Phishers use the websites which are
visually and semantically similar to those real websites. As technology continues
to grow, phishing techniques started to progress rapidly and this needs to be pre-
vented by using anti-phishing mechanisms to detect phishing. Machine learning
is a powerful tool used to strive against phishing attacks. This paper surveys the
features used for detection and detection techniques using machine learning.

Keywords: Text mining · Text classification · Text categorization · Document
classification

1 Introduction

In the last few decades, text classification issues have been discussed in many real-world
applications [1, 2]. Classification Many researchers are interested in developing applica-
tions that relate to text classification methods, particularly with the latest developments
in natural language processing (NLP) with text mining. Artificial Neural Networks were
new emerging technologies that help solve problems with the classification of machine
learning [20, 22]. Most text categorization systems can be divided into the follow-
ing phases: pre-processing of text, selection of functions, selection of classifiers and
evaluation.
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Abstract

Cross-Site Scripting (XSS) is a form of client-side

code injection attack in which an attacker attempts

to execute malicious scripts in the victim’s web

browser by embedding dangerous code in a

legitimate web page or application. During such an

attack, the attacker impersonates a victim user and

performs any behavior that the user is capable of,

as well as accessing any of his data. If the victim

user has privileged access to the application, the

attacker can take complete control of the app’s

features and data. XSS attacks are most common
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Abstract — Malaria is a serious infection caused by a 

blood parasite called Plasmodium s pp. Every year, the 

World Health Organization [WHO] estimates 300-500 
million malaria cases and over one deaths worldwide. 
Manually counting  and arranging epithetical 
contaminated erythrocytes is a time-consuming and 
exhausting operation. Computerized parasite detection 
using mobile phones is a potential alternative to manual 
parasite meaning intestinal illness assessment, especially 
in remote areas without expert parasitologists. As a 
result, the relevance of developing novel devices to 
facilitate quick and simple detection of epi thetical 
malaria in areas with limited access to social insurance 
administrations cannot be overstated. The preceding 
study investigates the possibility of epi thetical 
mechanised intestinal illness parasite recognition trig 
thick blood distributes around cell phones. We have 
developed a primary deep learning approach that can 
recognize malaria parasites, generate dense blood smear 
images, and can run forth cell phones. Along with the 
aforementioned research, we created a dataset of 1819 
thick smear images from 150 patients that is publicly 
accessible via examination network. Keywords — Deep 

learning, Convolutional neural networks, Malaria. 

I. INTRODUCTION 

Malaria is a main source epithetical bleakness & mortality 

in tropical & sub-tropical nations, amidst an expected 

epithetical 1-2 million passing each year. The 

visual discovery and acknowledgement of blood test 

Ep ithetical Plasmodium spp is possible and fru itful in 

addition to a material method known as Giemsa recoloring. 

The recoloring technique somewhat colorsizes erythrocytes, 

but it also contains Plasmodium sppparasites, white platelets 

(WBC), and old rarities. According to a few field experts, 

manual microscopy is not a reliable screening technique 

when conducted by non-specialists and is also time-

consuming. It is also important to estimate the existence of 

parasites per tainted erythrocyte when evaluating 

hypothetical antimalarial therapies. In a current report, 

WHO [1,2] considers a specific current financing 

conveyance epithetical intestinal sickness control products 

that aren't tending via crit ical shortcomings in wellbeing 

frameworks for developing nations, proposing a specific 

imaginative ways that may endure required via rapidly 

extend access via malaria mediations. It merits underlin ing a 

certain cell phone is right now Africa's most significant 

advanced innovation, & similarly as African media 

communicat ions generally skirted landline framework & 

went directly via cell phones, a few specialists state African 

medication canister skirt  concentrated labs  [4]. In  addition, 

mix epithetical cell phones. 
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Binary, Ternary and Quaternary Blended Self-Compacting 
Concrete:  

Granulated Blast Furnace Slag (GBFS) as partial fine aggregate replacement 

1



CONTENTS 

1. INTRODUCTION
1.0 Sustainability in Concrete Industry 
1.1 High Performance Concrete  
1.2 Supplementary Cementitious Materials (SCM) 
1.3 Fly ash 
1.4 Microsilica (Condensed silica fume) 
1.5 Metakaolin 
1.6 Synergic effects of SCMs 
1.7 Proportioning methods  
1.8 Binary, Ternary and Quaternary blended concretes  
1.9 Self-Compacting Concrete (SCC) 
1.10 Superplasticizer (SP) and Viscosity Modifying Agent (VMA) 
1.11 Mixture Proportioning Methods for SCC 
1.12 Nan Su Method of SCC Mix Design 
1.13 EFNARC Guidelines for SCC (2005) 
1.14 Packing Factor 
1.15 Efficiency Factors 
1.16 Alternatives materials for Fine aggregate 
1.17 Granulated Blast Furnace Slag (GBFS) 

2. PROPERTIES OF MATERIALS
2.0 Ordinary Portland Cement 
2.1 River Sand 
2.2 Granulated Blast Furnace Slag (GBFS) 
2.3 Coarse Aggregate  
2.4 Mixing water 
2.5 Fly ash 
2.6 Micro silica 
2.7 Metakaolin 
2.8 Superplasticizer 
2.9 Viscosity Modifying Agent (VMA) 

3. MIX DESIGN

4. OPTIMIZATION OF ADMIXTURES
4.0 Test Methods as per EFNARC Guidelines
4.1 Optimization of pozzolans quantities in SCC mixes

5. STRENGTH PROPERTIES
5.0 Compressive Strength
5.1 Split-tensile Strength

2

5

21

30

33

52



5.2 Flexural Strength 
5.3 Impact Strength 

6. NON-DESTRUCTIVE EVALUATION

7. STRESS-STRAIN BEHAVIOR

8. CEMENTING EFFICIENCY FACTORS

9. STATISTICAL MODELLING
9.0 Correlation equations
9.1 Relation between Split tensile Strength (ft) and Compressive Strength (fc)
9.2 Relation between flexural strength (fb) and Compressive Strength (fc)
9.3 Relation between water powder ratio (wp) and Compressive Strength (fc)
9.4 Relation between powder quantity (pq) and Compressive Strength (fc)
9.5 Relation between secant modulus of elasticity (Ec) and Compressive Strength (fc)

10.DURABILITY PROPERTIES
10.0 Chloride ion penetration resistance
10.1 Rapid Chloride Permeability Test
10.2 Chloride ion diffusivity
10.3 Acid and Sulphate Attack Resistance
10.4 Seawater Resistance
10.5 Water Absorption Capacity and Porosity
10.6 Sorptivity

11. GRANULATED BLAST FURNACE SLAG AS PARTIAL FINE AGGREGATE
REPLACEMENT
11.0 Optimum proportions of GBFS of blended SCC mixes
11.1 Strength Properties
11.2 Non-Destructive Evaluation
11.3 Stress-Strain Behaviour
11.4 Modulus of Elasticity
11.5 Rapid Chloride Permeability Test
11.6 Water Absorption Capacity and Porosity

12.FINDINGS AND RECOMMENDATIONS

BIBLIOGRAPHY 

3

182

178

145

107

90

84

73

69



ACRONYMS  
Every blended SCC mix is assigned Mix number and Mix designation. In Mix
designation, number indicates percentage by weight of total powder content.
Examples:
C100 – unary SCC mix made with 100% cement
C75+MK25 – Binary SCC mix made with 75% cement and 25% metakaolin
C25+FA60+MK15- Ternary SCC mix made with 25% cement, 60% fly ash and 15%
metakaolin.
C50+FA28+MS11+MK11 – Quaternary SCC mix made with 50% cement, 28% fly
ash, 11% microsilica and 11% metakaolin
CSH or C-S-H - calcium silicate hydrate
CH- CaOH
OPC- Ordinary Portland cement
HPC- high performance concrete
SCC- self compacting concrete
SCM- supplementary cementitious material
GGBS- Ground Granulated Blast furnace Slag
FA – fly ash
MK- Metakaolin
MS- Microsilica
SF- Silica Fume
W/P ratio- Water / Powder ratio
C/S ratio – CaO/SiO2 ratio
LOI - loss on ignition
SP- Superplasticizer
EFNARC - European Federation of National Associations Representing for Concrete
GBFS-Granulated blast furnace slag
bwc- by weight of cement
bwp – by weight of powder
VMA - Viscosity Modifying Admixture
OPC – Ordinary Portland cement
Interface transition zone (ITZ)
High range water reducing agent (HRWR)
Granulated Blast Furnace Slag (GBFS)
Binder (or)/ Powder- Cement +Fly ash+ Metakaolin+ Microsilica
Quaternary- Three SCMs blended in Cement
Ternary- Two SCMs blended in Cement
Binary- One SCM blended in Cement
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1. INTRODUCTION 
 
In the present-day scenario to fulfill the demands of sustainable construction, concrete made with 
multi-blended cement system of Ordinary Portland Cement (OPC) and different mineral 
admixtures, is the sensible choice for the construction industry. One of the effective methods to 
conserve the Mother Nature's resources and also reduce the environmental impact is to use 
Supplementary Cementitious Materials (SCMs) by substituting OPC partly or totally in concrete. 
Since most of SCMs are pozzolanic in nature and hence they are helpful in increasing later strength 
of concrete. Blending of SCMs with cement has many advantages such as saving in cement, 
utilization of industrial by-products, enhancement of microstructural properties of concrete and 
reduces environmental impact through reduced greenhouse gases production. Most of the SCMs 
are industrial by-products which are considered as waste and pollutants when dumped into land or 
thrown into water bodies. So blending them in concrete becomes safe disposal method for them. 
Such SCMs are Fly ash (FA), Ground Granulated Blast furnace Slag (GGBS), Micro Silica(MS) 
or Silica Fume(SF), Copper slag (CS), Rice Husk Ash (RHA) etc. 
Approximately five billion tonnes of concrete are used around the world each year. The huge 
requirement of concrete is putting question marks on sustainability of natural sand reserves of all 
the countries. These environmental issues are forcing engineers to look forward for more 
sustainable construction materials. As a solution for this, various alternatives such as quarry dust, 
wastes from demolished concrete, industrial by-products like granulated blast furnace slag, copper 
slag, eco sand etc have been used. Although SCC can be used on most construction sites, its 
rheological characterization must be improved to better control its placement. Moreover, the fresh 
SCC must be stable to ensure the homogeneity of the mechanical strength of the structure. The 
stability of SCC can be enhanced by incorporating pozzolans such as metakaolin (MK), micro 
silica (MS) and fly ash (FA) since an increase in cement content leads to a significant rise in 
material cost and often has other negative effects on concrete properties (e.g. increased thermal 
stress and shrinkage, etc.). The use of such pozzolans may provide greater cohesiveness by 
improving the grain-size distribution and particle packing. Using of chemical admixtures, 
however, may increase the material cost but the savings in labor cost might offset the increased 
cost. The use of mineral admixtures not only reduced the material cost but also improved the fresh 
and hardened properties of SCCs. Alternatively, a viscosity modifying admixture (VMA) along 
with a superplasticizer (SP) may be used to impart high fluidity accompanied by the adequate 
viscosity. 
In recent years, there has been a growing interest in the use of metakaolin (MK) as a mineral 
admixture to enhance the strength and durability of concrete. In the literature, however, the use of 
MK in the production of self-compacting concrete has not found adequate attention. Especially, 
self-compacting characteristics of MK concretes need to be fully recognized since on incorporation 
of such materials, certain properties of the concrete may be enhanced while the others may be 
worsen relative to the plain concrete. Considered to have twice the reactivity of most 
other pozzolans especially micro silica, metakaolin is a valuable admixture for concrete/cement 
applications. Replacing Portland cement with 8–20% metakaolin (by weight) produces 
a concrete mix, which exhibits favorable engineering properties including the filler effect, the 
acceleration of OPC hydration and the pozzolanic reaction. The filler effect is immediate while the 
effect of pozzolanic reaction occurs between 3 to 14 days. Metakaolin has early setting property 
which can be beneficial in many applications. Silica fume, a considerable alternative to 
metakaolin, provide a marked early strength but imparts sharp fall in workability to fresh concrete. 
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It is therefore important to note that the beneficial assets of one mineral admixture may compensate 
the shortcomings of the other by interchanging them within ternary and quaternary cementitious 
blends. This research is an attempt to explore the possibility of using metakaolin and GBFS (an 
industrial waste) as a Supplementary cementitious material and substitute for natural sand 
respectively. The research findings will help the researchers to understand the performance of 
metakaolin and GBFS sand based low, medium and high strength concrete with respect to strength, 
durability, economy and sustainability. 
The present work aims at determining the most suitable mix proportion that can produce 
metakaolin based ternary and quaternary blended SCC of desirable strength and enhanced 
performance. Also studies are carried out to understand the use of Granulated blast furnace slag 
(GBFS) sand as partial fine aggregate replacement in optimized mix proportions of metakaolin 
based ternary and quaternary blended SCC, without compromising on engineering performance 
and quality. The outcome of this study can be favorable for sustainable development in the concrete 
industry by reusing industrial waste by-products (SCMs) as cement replacements and river sand 
replacement reducing destructive impact on the environment.  
Application of mineral admixtures will unavoidably increase over the next few decades, to provide 
greater sustainability in construction, and there will therefore be necessity to maximize their 
efficacy with regard to cost, environmental impact, and durability performance. High-reactivity 
Metakaolin (MK) is a supplementary cementing material developed recently for high-performance 
concrete. Although earlier research have reported that it improves concrete properties, evidence 
on the performance of metakaolin blended Self Compacting Concrete (SCC) is still inadequate and 
somewhat contradictory, which retards its application in the construction practice. This study 
methodically investigated the synergistic effect of Metakaolin (MK) alone and in combination with 
Microsilica (MS) on fresh properties, hardened properties as well as durability of fly ash based 
SCC of low, medium and high strength. These results are compared to establish the enhanced 
micro-structural and engineering properties of quaternary blended SCC over ternary blended SCC. 
The use of appropriately proportioned metakaolin and microsilica in combination, in fly ash 
blended SCC reveal the benefits of their synergic effect in improving the fresh properties, strength 
and durability characteristics of fly ash based SCC. 
Another significant feature of this research work is use of GBFS as fine aggregate replacement in 
metakaolin blended ternary and quaternary SCC mixes. This provides sustainable solution for use 
as an alternative for natural fine aggregate without compromising the strength criteria of concrete. 
GBFS has more reliable features than natural fine aggregate for it is manufactured under suitable, 
quality-controlled conditions, free from chlorides, organic impurities, clay and shells etc., no 
alkali-aggregate reactions and superior solidification control capabilities. This study provides a 
approach to reduce the cost of waste disposal and its related gains by using metakaolin as mineral 
admixture and GBFS as fine aggregate replacement in making of SCC. 
The present work determines the most suitable optimized mix proportion that can produce 
metakaolin based ternary (MK+FA) and quaternary blended (MK+MS+FA) SCC mixes of 
desirable strength and enhanced performance. Also studies are carried out to understand the use of 
Granulated blast furnace slag (GBFS) as fine aggregate replacement in metakaolin based ternary 
and quaternary blended SCC, without compromising on engineering performance and quality.  
Till now not much research work has been reported on the use of optimally blended Metakaolin in 
ternary and quaternary blended SCC, made with optimal micro silica and fly ash, in enhancing the 
micro structure, strength and durability characteristics of SCC. Also limited work is reported on 
the use of Granulated blast furnace slag (GBFS) as fine aggregate replacement in optimally 
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blended Metakaolin in ternary and quaternary blended SCC, made with optimal micro silica and 
fly ash. Hence to address the gaps, an exhaustive comparative study of fresh properties, strength 
and durability characteristics of ordinary grade (M20), standard grade (M40) and high strength 
grade (M80 and M100) SCC with and without addition of Metakaolin are made to understand the 
enhanced microstructure of optimally blended Metakaolin in ternary and quaternary blended SCC, 
made with optimal micro silica and fly ash. Same studies are carried over with and without GBFS 
as partial fine aggregate replacement in optimally blended Metakaolin in ternary and quaternary 
blended SCC, made with optimal micro silica and fly ash. Once the gaps available in the literature 
are identified, the main research objectives of the present work are outlined for obtaining detailed 
experimental data to address these gaps, which will help to understand improved performance of 
the metakaolin blended ternary and quaternary SCC made with and without GBFS as partial fine 
aggregate replacement. 
 
1.0 Sustainability in Concrete Industry 
Sustainability is defined as “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs”. In order to fulfill its 
commitment to the sustainable development of the whole society, the concrete of tomorrow will 
not only be more durable, but also should be developed to satisfy socio-economic needs at the 
lowest environmental impact. By-products from various industries cause a major environmental 
problem around the world. In order to encourage waste recycling and prevent waste dumping, a 
landfill tax has also been imposed in the developed countries. However, the waste dumping is still 
a serious environmental issue throughout the world. Although concrete has been serving human 
beings to provide amenities, the service comes with a significant price. Regarding the immense 
amount of concrete production annually, it has considerable impacts on the environment. 
Consumption of vast amount of natural resources, release of carbon dioxide into the atmosphere 
from the production of Portland cement is two major environmental issues to address on war foot 
basis. Moreover, regardless of water supply shortages in most parts of the world, the production 
of concrete requires large amounts of water. Last but not least, the construction and demolition 
waste disposal creates another environmental burden. So, the most effective remedy to solve the 
problem is to use less cement which means to replace as much cement as possible by 
supplementary cementitious materials, especially those that are byproducts of industrial processes, 
and to use recycled materials in place of natural resources. Different efforts have been made to 
reduce the negatives of concrete on environment such as replacement of natural aggregates and 
cement. It is believed that the adverse effect of cement, co2 emission, may be minimized if mineral 
admixtures are applied; as they reduce cement consumption, energy and cost.  
 
1.1 High Performance Concrete  
For producing high performance concrete (HPC), it is well recognized that the use of 
supplementary cementitious materials (SCMs), such as microsilica (MS), metakaolin (MK) and 
fly ash (FA) are necessary. High Performance Concrete is defined a concrete which made with 
appropriate materials, combined according to a selected mix design; properly mixed, transported, 
placed, consolidated and cured so that the resulting concrete will give an excellent performance in 
the structure in which it is placed, in the environment to which it is exposed and with the loads to 
which it will be subjected for its design. Thus, HPC is directly related to durable concretes. There 
are numerous ways to measure the durability of concrete. The resistance to chloride, water 
penetration and aggressive environment resistance are some of the simplest measures to determine 
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the durability of concrete. The penetration of water, chloride and other aggressive ions into 
concrete primarily governs the physical and chemical processes of deterioration (Monteiro, 1993). 
The microstructure of concrete mainly controls the physical/chemical phenomena associated with 
water movements and the transport of ions in concrete. Thus, HPC may be defined as the concrete 
having high resistance to fluid penetration as well as satisfying the strength requirement. The 
mineral admixtures, when used in HPC, can enhance either or both the physical and durability 
properties of concrete. Concretes with these supplementary cementitious materials are used 
extensively throughout the world. Therefore, a comprehensive experimental investigation was 
carried out to consider the effects of both the type and content of different SCMs on the 
performance properties of HPC. It was intended that the data from this systematic investigation 
could contribute to the development of performance-based specifications for both strength and 
durability. 

1.2 Supplementary Cementitious Materials (SCM) 
An SCM is a material that, when used in conjunction with cement, contributes to the enhancement 
of properties of the hardened concrete through hydraulic or pozzolanic activity. Fly ash, blast 
furnace-slag, silica fume, and natural pozzolans are all SCM’s and most are byproducts of other 
industrial processes. With appropriate design and production practices, an SCM, or combination 
of SCMs can be used in concrete mixtures and act beneficially not only to the concrete, but also 
the environment. If optimally used, the use of SCMs reduces the amount of material headed to 
landfills and limits the energy needed and CO2 emissions attached to the manufacturing of Portland 
cement. Not only can the usage of optimum proportions of SCMs help concrete increase durability, 
but can also aid a project by building more environmentally sustainable.  
Pozzolanic materials are not necessarily cementitious when used alone, but react with the calcium 
hydroxide (CH) hydration product of Portland cement to form additional calcium silicate hydrate 
(CSH). CSH is the strongest binding and most durable hydration product of cement. Some 
materials are not cementitious or pozzolanic but are still considered SCMs. Supplementary 
cementitious materials are materials, which in itself possesses little or no cementitious properties 
but, in the presence of moisture chemically react with calcium hydroxide to form compounds 
possessing cementitious properties. Pozzolana is a siliceous and aluminous material which reacts 
with calcium hydroxide in the presence of water to form non-water soluble calcium silicate 
hydrates. The pozzolanic reaction may be slower than the rest of the reactions which occur during 
cement hydration and thus the short term strength of concrete made with pozzolans may not be as 
high as concrete made with purely cementitious materials. On the other hand, highly reactive 
pozzolans, such as silica fume and high reactivity metakaolin can produce “high early strength” 
concrete that increases the rate at which concrete gains strength. Most of the pozzolans require 
grinding to a high degree of fineness to make them suitable for use in concrete except pumicites, 
which are normally in the finely divided form. Pozzolans are either naturally occurring or available 
as industrial by-products. They mainly contain reactive silica and the reactivity varies depending 
upon the type of pozzolana and its chemical compositions and fineness. Fly ash, silica fume, stone 
dust, blast furnace slag, rice husk ash etc., are some of the industrial wastes and volcanic ash, 
metakaolin are naturally available quality controlled reactive pozzolana which possess pozzolanic 
properties. Out of the above pozzolanic admixtures, metakaolin made from purified kaolin, is not 
an industrial waste product, and can be used along with cement to derive enhanced properties for 
concrete in special situations. 
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Based on research, the following are the typical amounts of pozzolans normally used in concrete 
(by mass of cementing materials): 

1. Fly ash
a. Class C  15% to 40% 
b. Class F   15% to 20% 

2. Slag    30% to 45% 
3. Silica fume     5% to 10% 
4. Calcined clay   15% to 35% 

a. Metakaolin  10% to 20% 
5. Calcined shale   15% to 35% 

The pozzolanic C-S-H is generally more porous than the normal C-S-H, and also has a lower C/S 
ratio (Hydraulicity index). A pozzolan may also have reactive Al2O3 (for example metakaolin), in 
which case the reaction with CH leads to the formation of C-A-H, which can give rise to problems 
in sulphate attack. Pozzolanic activity is evaluated using the Pozzolanic Activity Index test. 
Chemically active mineral admixtures (highly reactive pozzolan) increase the cohesiveness of 
concrete and require more water to maintain workability; however, the requirement of water may 
be offset by adding superplasticizer. The water demand depends on the particle size, specific 
surface area, particle shape, replacement level, and reactivity of particular mineral admixture. 
Based on Chapelle test, the reactivity of mineral admixtures is of the order: MK > SF > GGBS > 
FA.  In general, smaller the particle size and higher the specific surface of mineral admixture 
increases the water demands of concrete. Heat of hydration increases with the use of chemically 
active mineral admixtures and decreases with the use of micro-filler mineral admixtures. All 
mineral admixtures reduces bleeding in concrete when optimally proportioned. Smaller particle 
size and higher specific surface area of mineral admixtures are favorable to produce highly dense 
and impermeable concrete; however, they cause low workability and more water demand which 
may be offset by adding effective superplasticizer. 
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1.3 Fly ash 
The burning of harder, older anthracite and bituminous coal typically produces Class F fly ash. 
This fly ash is pozzolanic in nature, and contains less than 20% lime (CaO). Class C fly ash is 
produced from the burning of younger lignite or subbituminous coal, in addition to having 
pozzolanic properties, also has some self-cementing properties. Fly ash, due to spherical shape of 
particles, can increase workability of cement while reducing water demand. Fly ash possesses very 
less to no cementitious properties, but in presence of moisture it reacts with calcium hydroxide to 
form additional calcium silicate hydrate (CSH) which gives additional strength. Fly ash not only 
renders workability and filling ability, but also gives strength at a later age usually after 56 days. 
In general class F fly ash has been shown to be effective in SCC providing increased cohesion and 
robustness to changes in water content (European Guidelines 2005). High loss on ignition (LOI) 
is an indicative of the carbon content presence.  The loss on ignition of fly ash can represent the 
amount of unburnt carbon present.  
Effects of fly ash on fresh concrete properties are- 

1. The setting time is increased when fly ash is used. 
2. Workability and flow of concrete are increased due to the spherical shape of the fly ash 

particles, which lends a ball-bearing type effect on the concrete mixture. 
3. Bleeding and segregation are usually reduced for well-proportioned fly ash concrete. 
4. The paste volume is increased when mass replacement of cement by fly ash is done. 

Effects of fly ash on hardened concrete properties are- 
1. Strength gain of fly ash concrete is slower than normal concrete because of lower c/s ratio. 

The potential for thermal cracking is much reduced compared to ordinary PC concrete. 
Ultimate later strengths are usually improved when fly ash is used. 

2. Pozzolanic activity is proportional to the amount of particles under 10 �m in diameter. 
3. Creep and shrinkage of fly ash concrete are typically higher than normal concrete, because 

of the increased amount of paste in the concrete (when mass replacement is done). 
4. Expansions during alkali aggregate reaction are reduced by the use of fly ash, because of 

the dilution of Portland cement. 
 

1.4 Microsilica (Condensed silica fume) 
Silica fume is an amorphous (non-crystalline) polymorph of silicon oxide. Silica fume is available 
in different forms i.e. micro silica (MS) and nano silica (NS). It is ultrafine powder with an average 
particle size of 0.1 to 0.5 �. The high specific surface of microsilica would increase the water 
demand. The use of Microsilica can reduce bleeding and improved cohesion of the mix. However, 
this can give rise to problems of rapid surface crusting. The cohesiveness of concrete containing 
SF is good for pumping and for underwater concrete. The addition of microsilica to metakaolin 
based fly ash SCC can prevent the excessive bleeding and segregation problems.  Pozzolanic 
activity increases as fineness increases and is determined by “Strength Activity ndices”. 
Effects of on fresh concrete properties: 

1. Because of its high fineness, the use of microsilica causes an increase in the water demand 
of concrete. Typically it is always used in conjunction with a superplasticizer. 

2. Microsilica causes the mix to be sticky and cohesive. Also, concrete mixes with silica fume 
are prone to slump loss problems. Because of its cohesiveness, a higher slump is needed to 
place microsilica concrete. 

3. Bleeding is reduced drastically. In fact, most microsilica mixes do not show any bleeding. 
In dry areas, if the evaporation rate exceeds the rate at which concrete sets, plastic 
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shrinkage may occur. Silica fume concrete is especially susceptible to this problem in case 
curing is not done properly.  

Effects of microsilica on hardened concrete properties” 
1. Pore size refinement and reduction in permeability occurs when silica fume is used. Due to a
combined effect of microsilica as a highly reactive pozzolana and filler, the transition zone
between aggregate and paste is strengthened.
2. The principle physical effect of silica fume in concrete is that of filler, which because of its
fineness can fit into space between cement grains in the same way that sand fills the space between
particles of coarse aggregates and cement grains fill the space between sand grains. As for chemical
reaction of silica fume, because of high surface area and high content of amorphous silica in silica
fume, this highly active pozzolan reacts more quickly than ordinary pozzolans. The use of silica
fume in concrete has engineering potential and economic advantage.

1.5 Metakaolin 
Metakaolin differs from other supplementary cementitious materials (SCMs) like fly ash, silica 
fume, and blast furnace slag, in that it is not a by-product of an industrial process; it is 
manufactured for a specific purpose under carefully controlled conditions. The rates of pozzolanic 
reaction and CH consumption in metakaolin systems have been shown to be higher than in silica 
fume systems, indicating a higher initial reactivity. Because this reaction with CH occurs early and 
rapidly, metakaolin incorporation may contribute to reduced initial and final set times. The high 
reactivity of MK with cement accelerates the initial setting time and improves especially the 
mechanical and transport properties of SCC, especially since it can also attain high compressive 
strength at an early age (Jutice & Kurtis 2007).  MK-modified mixtures may be more economical 
because of a lower dosage of high-range water-reducing admixture. It has been found that MK has 
positive effects on pore structure and Interface transition zone (ITZ) enhancement of concrete 
higher than SF. The most important constituents for any mineral admixture are silica and alumina 
oxides. In comparison with OPC, the mineral admixtures have higher quantity of silica oxide in 
their constituent. The maximum content of silica oxide is in silica fume (SF) showing their reaction 
capability with the primary hydrate of cement to produce calcium silicate hydrate (CSH) which is 
strengthening gel in concrete; however, the content of alumina oxide is lesser in SF. On the other 
hand, MK has substantial contents of silica and alumina oxide showing its capability to produce 
calcium silicate hydrate (CSH) and calcium aluminate hydrate (CAH) which has also bonding 
characteristics in the concrete. In Portland cement concrete, MK reacts at normal temperatures 
with calcium hydroxide in cement paste to form mainly calcium silicate hydrates (C-S-H), C2ASH8 
(gehlenite hydrate), and C4AH13 (tetra-calcium aluminate hydrate). The formation of secondary C-
S-H by this reaction reduces total porosity and refines the pore structure, improving the strength 
and impermeability of the cementitious matrix (Ramezanianpour & Bahrami 2012). Metakaolin’s 
reaction rate is rapid, significantly increasing compressive strength, even at early ages, which can 
allow for earlier release of formwork. After examining various SCMs individually and in 
combination and by considering performance, economic, and environmental criteria, metakaolin 
concrete was identified as a “very promising solution” for the precast industry for reducing clinker 
content in concrete. 

1.6 Synergic effects of SCMs 
Synergy effect is the interaction of two or more admixtures so that their combined effect is greater 
than the sum of their individual effects. When a less reactive pozzolana is employed in ternary or 
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quaternary concrete mixtures together with another one more reactive such as silica fume or rice 
husk ash, there is a synergy between these pozzolans, thus the obtained result is higher than those 
verified in the respective binary mixtures; this result is called synergic effect. Therefore mixing 
more than one SCM is likely to improve the mechanical and structural properties of the cement 
matrix. Incorporating of high volume of single type of SCM may have negative impacts on 
concrete properties. Synergy between mineral admixtures was considered to be the main reason 
for the excellent performance of the ternary and quaternary blended concrete mixtures. The use of 
appropriately proportioned blends allows the effects of one SCM to compensate for the inherent 
shortcomings of another.   
 
1.7 Proportioning methods  
1. Simple replacement method: This is the traditional method of proportioning. Replacement of 
cement can be done either on a volume basis or mass basis. Volume replacement does not change 
the overall volume of the paste. However, when mass replacement is done, volume of the paste 
increases, and this increase is usually compensated by a decrease in the volume of sand.  
2. Addition method: This method involves a direct addition of the mineral admixture to the 
concrete without replacing any part of the cement. In high strength concrete, this is the method of 
choice, since it increases the cementitious content. This increase is compensated by a decrease in 
the fine aggregate content.  
3. Modified replacement method: In this case, part of the admixture is added, and part of it is used 
as a replacement. The quantity of mineral admixture put into the mix is greater than the quantity 
of cement removed. This method is typically used to obtain sufficiently high early age strengths 
with fly ash.  
4. Rational method: This is an efficient method of proportioning admixtures. It quantifies the 
influence of the admixture using a factor ‘k’, which is the ‘cementing efficiency factor’. This factor 
qualifies the mineral admixture as a lower grade or higher grade cement. In other words, ‘k’ 
represents the amount of the mineral admixture that can replace one unit of Portland cement in the 
mixture to achieve similar properties.  
 
1.8 Binary, Ternary and Quaternary blended concretes  
There are environmental benefits from using ternary or quaternary blends since these mixtures 
reduce the amount of expensive raw materials used to manufacture cement and recycle industrial 
byproducts. Ternary or quaternary blends can be even more durable than binary blends because 
the additional SCM can overcome the shortcomings of the first SCM. However, the optimum 
ranges of SCM replacement varied greatly depending on what cement and type of SCM was used. 
Using ternary or quaternary blended cements could reduce up to 45% of CO2 emissions. There is 
hesitation to use ternary or quaternary blended cement concrete mixtures because it is not a familiar 
practice. Despite positive results in research, convincing the concrete and cement industry to 
change to mix designs with which they are unfamiliar is challenging.  
 
1.9 Self-Compacting Concrete (SCC) 
One of the most critical differences between SCC and conventional concrete is the incorporation 
of a SCMs material in the form of a filler or cement replacement. Industrial by-products such as 
fly ash, GGBFS, RHA, MK, and limestone powder, are used as SCMs in SCC (Felekoglu et al 
2007).  The concept of SCC was proposed in 1986 by Professor Okamura (1997), but the prototype 
was first developed in 1988 in Japan by Professor Ozawa (1989) at the University of Tokyo. Self-
compacting concrete has excellent self-compactability and can be filled in all corners of forms 
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without vibratory compaction, which is essential for conventional concrete. Being more 
susceptible to quality fluctuation and batching errors of materials, self-compacting concrete 
requires stricter quality control, production control and construction control than conventional 
concrete. Investigations for establishing a rational mix-design method and self-compactability 
testing methods have been carried out from the viewpoint of making it a standard concrete. SCC 
requires a large amount of powder content (either by fine aggregate or fillers) compared to 
conventional vibrated concrete to produce a homogeneous and cohesive mix. SCC can be obtained 
by increasing the fine aggregate content; by limiting the maximum aggregate size; by increasing 
the powder content; by using viscosity modifying admixtures (VMA) and reducing the water-to-
binder ratio through superplasticizer (SP). 
European Federation of National Associations Representing for Concrete (EFNARC) (2002) has 
developed specifications and guidelines for the use of SCC that covers a number of topics ranging 
from material selection and mixture design to the significance of the testing methods. The main 
disadvantage of SCC is the high cost associated with the use of chemical admixtures and high 
volumes of Portland cement. One alternative to reduce the cost of SCC is to use mineral additives 
such as rice husk ash (RHA), metakaolin (MK), limestone powder, natural pozzolans, fly ash (FA), 
and slag, which are finely divided materials added to concrete as partial replacement material. As 
these mineral additives replace part of the Portland cement, the cost of SCC will be reduced, 
especially if the mineral additive is an industrial by-product. It is well established that the mineral 
additives might increase the workability, durability, and long-term properties of concrete.  
The current studies on SCC, which are being conducted in many countries, including India, 
focused attention on its long-term performance.  In addition, the other areas where research needs 
to be carried out relevant to immediate needs are: (i) the development of mixture design guidelines 
tables similar to those for conventional concrete; (ii) a shift to an optimum level of powder contents 
in SCC from the existing high powder mixtures; (iii) a better understanding of the long-term 
properties, such as permeability, chemical attack, sulfate attack, corrosion of steel on concrete, and 
autogenous and plastic shrinkage in SCC; and (iv) the development of site quality control 
parameters such as in ‘all-in-one’ acceptance tests. 
Mixture proportions of SCC differ from conventional concrete with more powder content and less 
coarse aggregate. Moreover, SCC incorporates High range water reducing agent (HRWR) or 
superplasticizer (SP) in larger amounts and frequently a VMA in small doses is also required.  
 
1.10 Superplasticizer (SP) and Viscosity Modifying Agent (VMA) 
For many years, it was not possible to reduce water/cement ratio of concrete below 0.40 till the 
advent of super plasticizers. By using super plasticizer, it was found possible to lower the 
water/binder ratio of concrete down to 0.30 and still get an initial slump of 200mm. Reducing the 
water/binder ratio below 0.30 was a forbidden idea until research reported that with usage of very 
high dosage of super plasticizers and silica fume, water-binder ratio can be reduced to as low as 
0.16 to reach a compressive strength of 280MPa (Bache, 1981). Aitcin et al. (1991) reported, that 
by choosing carefully, the combination of Portland cement and superplasticizer, it was possible to 
make a 0.17 water/binder ratio concrete with 230mm slump after an hour of mixing which gave a 
compressive strength of 73.1MPa at 24 hours but failed to increase more than 125MPa after long 
term wet curing. Due to variety of admixture formulations, it is difficult to provide the concrete 
industry with simple rules specifying proper use of super plasticizers in the presence of other 
admixtures. However, the Marsh Cone test is popularly used to evaluate the characteristics of 
different pastes, in order to select the optimum dosage of super plasticizers (Giaccio 2002). Adding 
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the SP significantly improves fluidity due to the action of the molecules of SP. These molecules 
can be rolled around the grains of the cement and to impart a negative charge, so that they repel 
each other, resulting in deflocculating and dispersion of the grains of cement. This action will 
reduce the quantity of water, thereby increasing the fluidity. The maximum dosage of SP 
prescribed by the manufacturing company is used as saturation point beyond which fluidity does 
not change practically. Loss of fluidity and deformability caused by adding a VMA can be 
recovered by adding a SP without affecting the stability and compressive strength. We observe 
that the incorporation of VMA resulted in a great improvement in stability and can prevent 
segregation. It is believed that the increase or decrease of the compression strength is directly 
related to changes in stability. VMA refines the rheology of the mixes by increasing cohesiveness 
and eliminating bleeding and maintains right balance between fluidity and resistance to 
segregation whereas SP is used to decrease viscosity and increase fluidity. The level of fluidity is 
chiefly governed by the dosage of the superplasticizer. However, overdosing may lead to the risk 
of segregation and blockage. In the present study, a locally available high performance viscosity 
modifying agent, named "Glenium Stream 2" from BASF Chemical Company, specially designed 
to ensure a good consistency, high segregation resistance and stability in concrete with sufficient 
fluidity, was used. Poly-carboxylate ether (PCE) and Sulphonated Napthalene Polymers (SNP) 
based SPs are used to produce various grades of blended SCC. There exists the problem of 
incompatibility between cement and SP, which is felt highly for which mixtures having low water 
content.  
 
1.11 Mixture Proportioning Methods for SCC 
In general, the compressive strength is the primary criterion for designing ordinary concrete. 
Conversely, the flowing ability and durability must be given equal importance with the 
compressive strength in designing SCC. Thus, different a design approach is needed for SCC.   
The process of mix design for ordinary concrete is not applicable to SCC for the given reasons:  
a) Established relationships between average and specified compressive strengths of ordinary 
concrete could be unacceptable for SCC possessing high strength.  
b) Traditional curves for the relationship between w/b ratio and compressive strength could be 
misleading for SCC that needs a lower w/b ratio.  
c) None of the traditional curves for w/b ratio and strength relationship are considered for the effect 
of supplementary cementitious materials (SCM), including SP and VMA, which are usually used 
to produce SCC.  
d) The coarse aggregate content of ordinary concrete is relatively high and unsuitable for SCC.  
e) The fine aggregate content obtained from the traditional method is much lower than that 
recommended for SCC.  
f) The approximate water content of concrete mixture does not include the effects of SCM and 
HRWR, which are usually incorporated in SCC.  
g) Slump alone is no longer a performance criterion for the flowing ability of the SCC.  
To produce SCC, the major work involves designing an appropriate mix proportion and evaluating 
the properties of the concrete thus obtained. In 1993, Okamura proposed a mix design method for 
SCC. His main idea was to conduct the first test on paste and mortar in order to examine the 
properties and compatibility of superplasticizer (SP) then cement, fine aggregates and Pozzolanic 
materials, are introduced followed by the trial mix of SCC. The major advantage of this method is 
that it avoids having to repeat the same kind of quality control test on concrete, which consumes 
both time and labor.  
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However, the draw-backs of Okamura’s method are that (1) it requires quality control of paste and 
mortar prior to SCC mixing, while many ready-mixed concrete producers do not have the 
necessary facilities for conducting such tests and (2) the mix design method and procedures are 
too complicated for practical implementation. The ‘‘Standardized mix design method of SCC’’ 
proposed by the Japanese Ready-Mixed Concrete Association (JRMCA) is a simplified version of 
Okamura’s method. This method can be employed to produce SCC with a large amount of powder 
materials, and a water/binder ratio of less than 0.30. On the other hand, the Laboratory Central Des 
Ponts et Chausses (LCPC), the Swedish Cement and Concrete Research Institute (CBI), research 
groups in both Main-land China and Taiwan have proposed different mix design methods of HPC. 
The LCPC’s approach is developed on the basis of the BTRHEOM rheometer and RENE LCPC 
software. It is difficult for others to adopt their method without purchasing the software. CBI’s 
approach makes use of the relationship between the blocking volume ratio and clear reinforcement 
spacing to fraction particle diameter ratio. However, it is not clear how to carry out the critical 
tests because concrete mixed with coarse aggregates and paste only is susceptible to severe 
segregation. In Taiwan, the method proposed by Hwang et al. involves a densified mixture design 
algorithm, which is derived from the maximum density theory and excess paste theory. 
Nevertheless, there is no information yet concerning the relationship between their method and the 
ability of concrete passing through reinforcement or its segregation resistance.  The aggregate 
content, the incorporation of SCM, and the presence of various chemical admixtures may have a 
significant influence on the flow characteristics, strength, transport properties and durability of 
SCC. Therefore, a different design approach should be followed, instead of the traditional methods, 
to design the mixture composition of SCC. There is no Indian standard mixture design method for 
SCC. The Indian Road Congress (IRC) is currently working to develop a mixture design procedure 
for SCC. IRC also recommend the use of SCC in bridges and the same is under the draft stage.  
 
1.12 Nan Su Method of SCC Mix Design 
A simple new mix design method for self-compacting concrete (SCC) is proposed by Nan Su et 
al. First, the amount of aggregates required is determined, and the paste of binders is then filled 
into the voids of aggregates (the void in the loose aggregate is about 42– 48%) to ensure that the 
concrete thus obtained has flowability, self-compacting ability and other desired SCC properties. 
The strength of SCC is provided by the aggregate binding by the paste at hardened state, while the 
workability of SCC is provided by the binding paste at fresh state. Therefore, the contents of coarse 
and fine aggregates, binders, mixing water and SP will be the main factors influencing the 
properties of SCC. Slump flow, V-funnel, L-flow, U-box and compressive strength tests were 
carried out to examine the performance of SCC, and the results indicate that the proposed method 
could produce successfully SCC of high quality. This method is simpler, easier for implementation 
and less time-consuming, requires a smaller amount of binders and saves cost. With the proposed 
method, all we need to do is to select the qualified materials, do the calculations, conduct mixing 
tests and make some adjustments, and SCC with good flowability and segregation resistance can 
be obtained with self-compacting ability.  Nan Su method of SCC mix design principles and 
stepwise procedures are outlined at the end in Appendix. 
In the event that satisfactory performance of the mix is not obtained, consideration should be given 
to a fundamental redesign of the mix.  This novel mix design method is simpler, requires a smaller 
amount of binders, and saves cost.  
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1.13 EFNARC Guidelines for SCC (2005) 
In 2002 EFNARC published their “Specification & Guidelines for Self-Compacting concrete” 
which, at that time, provided state of the art information for producers and users of SCC. The 
Guidelines have been prepared using the wide range of the experience and knowledge available to 
the European Project Group.  
A concrete mix can only be classified as SCC if the requirements for all the following three 
workability properties are fulfilled. 
(1) Filling ability (flow ability), (2) Passing ability, and (3) Segregation resistance 
Filling ability is the ability of SCC to flow into all spaces within the formwork under its own 
weight. Tests, such as slump flow and T50 cm time test, V-funnel test are used to determine the 
filling ability of fresh concrete. Slump-flow value describes the flowability of a fresh mix in 
unconfined conditions. It is a sensitive test that will normally be specified for all SCC, as the 
primary check that the fresh concrete consistence meets the specification. Visual observations 
during the test and/or measurement of the T50 cm time can give additional information on the 
uniformity and flowability of the mix. Passing ability is the ability of SCC to flow through tight 
openings, such as spaces between steel reinforcing bars, under its own weight. Passing ability can 
be determined by using U-box, L-box, Fill-box, and J-ring test methods. V funnel test at T 5 
minutes gives segregation resistance of the mix. After 5 minutes of settling, segregation of concrete 
will show a less continuous flow with an increase in flow time. 
 
1.14 Packing Factor 
The packing factor (PF) of aggregate is defined as the ratio of mass of aggregate of tightly packed 
state in SCC to that of loosely packed state. Clearly, PF affects the content of aggregates in SCC. 
A higher PF value would imply a greater amount of coarse and fine aggregates used, thus, 
decreasing the content of binders in SCC. Consequently, its flowability, self-compacting ability 
and compressive strength will be reduced. On the other hand, a low PF value would mean increased 
dry shrinkage of concrete. As a result, more binders are required, thus, raising the cost of materials. 
In addition, excess binders used would also affect the workability and durability of SCC. 
Therefore, it is important to select the optimal PF value in the mix design method so as to meet the 
requirements for SCC properties, and at the same time taking economic feasibility into 
consideration. The main consideration of Nan Su method is that voids present in loose aggregate 
are filled with paste and that the packing of the aggregates is minimized. This method makes a 
distinction between loose packing, and packing after compaction. In the Nan Su method the void 
reduction is expressed with a Packing Factor (PF). The PF that represents the apparent density of 
aggregate in state of packing in SCC compared with the apparent density of loosely packed 
aggregate. 
 
1.15 Efficiency Factors 
The cementing efficiency factor, ‘k’ of a pozzolanic material is defined as the number of parts of 
cement in a concrete mixture that could be replaced by one part of pozzolanic material without 
changing the property being investigated, which is usually the compressive strength. The 
efficiency factor for strength performance of a pozzolanic material is calculated on the basis of 
comparison between concrete strength and the w/c ratio for a non-blended mixture and a blended 
mixture. The efficiency factor is used for proportioning of blended concrete. A rational method of 
proportioning fly ash concrete was first proposed by Smith, in which the fly ash cementing 
efficiency factor, ‘k’ was defined in such a way that the strength to water cement ratio relation for 
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normal concrete is also valid for ternary and quaternary blended SCC considering the effective 
water cement ratio, as given by [W/(C + kP)], where W is the weight of water in kg/m3, C is the 
weight of cement in kg/m3, P is the weight of blended pozzolanic material . Papadakis et al. (2002) 
proposed a method to evaluate the efficiency factor for various natural and artificial pozzolanas by 
using the concept of pozzolanic activity index. Pozzolanic activity index was determined as the 
ratio of strength of a pozzolanic mortars to that a control mortar. Bharat kumar et al. (2001) 
proposed a method of mix proportioning for concrete containing mineral admixture (MA) by using 
Bolomey’s equation for predicting strength. In their studies, a relative strength-based method to 
obtain efficiency values for strength performance is used. The first mixture is the OPC control 
mixture, while the second is a SCM blended mixture containing a pozzolanic material as a partial 
replacement for cement. The total cementitious materials content and other mixture characteristics, 
such as water and aggregate contents, are the same for both mixtures. In addition, both mixtures 
are subjected to similar curing history. Therefore, strength development for the control mix is 
principally dependent on the rate of cement hydration, while for the blended mixture, it is 
dependent on the combination of cement hydration and pozzolanic reaction. By observing the 
relative strength, which is defined as ratio of strengths of the blended mixture to the control mix, 
an understanding of the rates of reaction in a blended pozzolanic system relative to the non-blended 
system can be achieved. If the pozzolana contributes positively to strength development at a certain 
age, then the resulting relative strength value will be greater than unity. Malathy and Subramaniam 
(2007) used the above method to find the efficiency factor of silica fume and metakaolin in their 
binary mix by using following equation: 

k = (1/P) {-C + W (fc - A2) / A1} 
where fc is compressive strength of concrete in MPa, C is the cement content in kg/m3,W is the 
water content in kg/m3 and A1, A2 are constants influenced by ingredients, curing conditions and 
age of concrete. Efficiency factor increases with age which shows the activation of pozzolanic 
activity of mineral admixtures with time. 

1.16 Alternatives materials for Fine aggregate 
In concrete 30-40% of the volume is occupied by fine aggregate. Aggregate passes through 9.5 
mm sieve and almost passes through the 4.75 mm sieve and predominantly retains on the 75-
micron sieve. Most of the fine aggregate passes 4.75 mm IS sieve and contains a huge amount of 
coarser materials. This may have been fragmented by natural process of weathering and abrasion 
or artificially by crushing. Thus many properties of the fine aggregate depend entirely on the 
properties of the parent rock. Properties of fine aggregate may have a considerable influence on 
the quality of the concrete, either fresh or hardened.  
Large scale of sand quarrying from riverbeds creates environmental problems such as shortage of 
ground water and changing watercourses. Farmers’ organizations, environmental managers and 
the public have expressed concern over the indiscriminate quarrying in violation against the river 
environmental conservation principles. Riverbeds, which supply water to cities and villages, suffer 
extensive damage owing to excessive sand mining. River sand acts as excellent filter system to 
ground water. The infrastructure developments such as express highway projects, power projects 
and industrial developments have started now. Natural sand is getting depleted resulting in high 
cost of sand. Fine aggregate is obtained from natural rivers, crushing stone sand and industrial 
waste. Other substitutes are obtained from coal ash, foundry sand, ponded fly ash and quarry rock 
dust, etc. 
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Bureau of Indian Standards, considering the scarcity of sand from natural sources, has suggested 
number of alternatives which are ultimately aimed at conservation of natural resources apart from 
promoting use of various waste materials without compromising in quality. Such fine aggregate 
alternatives are as follow: 

a) 50 % copper slag can be used as replacement of natural sand in to obtain mortar and 
concrete with required performance, strength and durability (Khalifa S. Al-Jabri et al 
2011). 

b) GBFS sand, up to 75 per cent, can be used as an alternative to natural sand from the point 
of view of strength.  

c) Washed Bottom Ash (WBA)  
d) Quarry Dust (QD) - The quarry dust is the by-product which is formed in the processing 

of the granite stones which broken downs into the coarse aggregates of different sizes. 
e) Foundry Sand - Foundry sand is sand which when moistened & compressed or oiled or 

heated tends to pack well and hold its shape. It is used in the process of sand casting. 
Foundry sand which is very high in silica is regularly discarded by the metal industry. 
Currently, there is no mechanism for its disposal, but international studies say that up to 50 
per cent foundry sand can be utilized for economical and sustainable development of 
concrete (Vipul D. Prajapati 2013)[8]. 

f) Sheet Glass Powder (SGP) is amorphous material with high silica content, thus making it 
potentially pozzolanic when particle size is less than 75 m (Federio.L.M and Chidiac S.E, 
2001, Jin.W, Meyer.C, and Baxter.S, 2000).  

g) Granulated Blast furnace Slag - In general, slag consists essentially of silicates and alumino 
silicates of lime. The principal compound is melilite.  
 

1.17 Granulated Blast Furnace Slag (GBFS) 
Growing environmental restrictions to the exploitation of sand from river beds leads to search for 
alternatives particularly near the larger metropolitan areas. This has brought in severe strains on 
the availability of sand forcing the construction industry to look for alternative construction 
materials without compromising the strength criteria of concrete. Granulated blast furnace slags 
are one of the promising sustainable solutions as they are obtained as solid wastes generated by 
industry. Hence it reduces the solid waste disposal problem and other environmental issues. GBFS 
(Granulated Blast Furnace Slag) is a slag obtained from the manufacture of iron in steel industries. 
The use of granulated blast furnace slag (GBFS) aggregates in concrete by replacement of natural 
aggregates is very promising concept because its impact strength is quite more than natural 
aggregate. Steel slag aggregates are already being used as aggregates in asphalt paving road m due 
to their mechanical strength, stiffness, porosity, wear resist and water absorption capacity. GBFS 
is a non-metallic product, consisting essentially of silicates and alumina silicates of calcium and 
of other bases that is developed in a molten condition simultaneously with iron in a blast furnace. 
1. Air-cooled blast-furnace slag is the material resulting from solidification of molten blast-furnace 
slag under atmospheric conditions; subsequent cooling may be accelerated by application of water 
to the solidified surface. 2. Expanded blast-furnace slag is the lightweight, cellular material 
obtained by controlled processing of molten blast furnace slag with water, or water and other 
agents, such as steam or compressed air, or both. 3. Blast-furnace slag is the glassy granular 
material formed when molten blast-furnace slag is rapidly chilled, as by immersion in water 
(Virgalitte et al., 2000). Blast furnace slag (4.75mm to 75 micron) was collected from JSW for 
replacement to natural sand. 
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Features of Blast furnace slag fine aggregate for concrete are 
1. Reliable - Quality Blast furnace slag fine aggregate is a product for industrial use manufactured

under suitable, quality-controlled conditions.
2. Does not contain materials such as Chlorides, Organic Impurities, Clay and Shells Blast

furnace slag fine aggregate does not contain materials that may affect the strength and
durability of concrete, such as chlorides, organic impurities, clay and shells.

3. Level of compressive strength similar to that of natural sand is achieved at a material age of 7
days and 28 days. Additionally, increased strength is seen as the material ages.

4. Does not generate alkali-aggregate reactions.
5. Superior solidification control capabilities have been realized with precise selection of

chemical components and the addition of solidification-preventing agents.
6. Sharp edged and irregular glassy material
7. High CaO content (30-50%): latent hydraulic material
8. Hydraulicity index: + / 2>1
For the present study, GBFS is obtained from JSW steel, which is the only company which
produces GBFS sand for commercial use in concrete making. 
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2. PROPERTIES OF MATERIALS 

 
To realize the defined objectives for this present research work, experimental investigations are 
carried out to quantitatively understand and evaluate the role of metakaolin (MK) in in fly ash 
based SCCs of ordinary grade (M20), standard grade (M40) and high strength grade (M80 and 
M100) and also to develop optimally blended SCCs made with partial replacement of river sand 
by GBFS as fine aggregate. The test results of experimental investigations carried out during the 
development of ordinary grade (M20) , standard grade (M40) and  high strength grade (M80 and 
M100) binary, ternary and quaternary blended Self-Compacting Concrete (SCC) mixes made with 
optimum proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) combination are 
tabulated in the following sections.  
The materials used in the experimental investigation are locally available cement, sand, coarse 
aggregate, mineral and chemical admixtures. The chemicals used in the present investigation are 
of commercial grade and properties are supplied by the manufacturer and are appropriately 
acknowledged. 
The physical and chemical properties of all the materials used in the development of ordinary grade 
(M20) , standard grade (M40) and  high strength grade (M80 and M100) of binary, ternary and 
quaternary blended Self Compacting Concrete (SCC) made with optimum proportions of Fly Ash 
(FA), Microsilica (MS) and Metakaolin (MK) combination are tabulated in the Table 1 to 14 
 
2.0 Ordinary Portland Cement 
The physical and chemical properties of Ordinary Portland cement (OPC) of 53 grade [IS: 12269-
1987, Specifications for 53 Grade Ordinary Portland cement] tested in accordance with the IS: 
12269 – 1987 and IS: 4031-1988 are tabulated as follows 

 
Table 1 - Physical and Chemical properties of Ordinary Portland Cement 

Particulars Requirement as per 
IS 12269-1987 

Test Results 
Obtained 

(A) Physical Properties 
1) Blaine’s Fineness  
(Specific Surface)(m2/kg) 225 (minimum) 330 

2)Specific Gravity  3.15 

3) Setting Time ( in minutes) 
Initial 
Final 

 
30    (minimum) 
600  (maximum) 

 
80 minutes 
250 minutes 

4)Soundness 10 mm (maximum) 2 mm 

5) Compressive Strength 
                              7 Days 
                              28 Days 

37 MPa (minimum) 
53 MPa (minimum) 

41.82 MPa 
57.23 MPa 

6) Average particle size  12 m 
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(B) Chemical Composition
1) LSF      CaO-0.7SO3/
2.8SiO2+1.2Al2O3+0.65Fe2O3 

0.8 to 1.02 (maximum) 0.90 

2) Al2O3 / Fe2O3   (%) 0.66 (minimum) 1.20 
3) Insoluble Residue (% by mass) 2.0 0.4 % 
4) Magnesia    (% by mass) 6 % (maximum) 1.40 % 
5) Sulphuric Anhydrate (% by mass) 3 % (maximum) 2.20 % 
6) Total Loss on Ignition (%) 4 % (maximum) 1.36 % 
7) Total Chlorides (%) 0.05 (maximum) 0.012 % 

2.1 River Sand 

The fine aggregate used was locally available river sand without any organic impurities and 
conforming to IS: 383 – 1970. The fine aggregate was tested for its physical requirements such as 
gradation, fineness modulus, specific gravity and bulk density in accordance with IS: 2386 – 1963 
[Methods of test for aggregate for concrete]. The sand was surface dried before use. 
In the present research work, locally available river sand conforming to Zone –II is adopted. 
Properties of River Sand conforming to IS: 383 – 1970 and results of various tests conducted in 
accordance with IS: 2386 – 1963 are tabulated in Table 2.  

Table 2 - Physical properties of River Sand 

S. No Property Fine Aggregate 
Range as per 

 IS: 383 -1970 

1. Specific gravity 2.57 2.30-2.90 

2. 
Bulk Density 

a) Loose
b) Compacted

1474 kg/m3 
1713 kg/m3 1280-1920 

3. Bulking 6% - 

4. Fineness Modulus 2.88 2.10-3.20 

5. Water absorption % 0.45 0-8

6.  Fines through 75 , % 0.6 -

From Sieve analysis report, it is confirmed that River Sand used conform to Zone-II as suggested 
IS code of practice and is having a fine modulus of 2.88. Particle size distribution of River Sand 
is shown in the form of grading curve in Fig 3 

2.2 Granulated Blast Furnace Slag (GBFS) 
Properties of Granulated Blast Furnace Slag (GBFS) conforming to IS: 383 – 1970 and results of 
various tests conducted in accordance with IS: 2386 – 1963 are tabulated as follows: 
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Table 3 - Physical Properties of Granulated Blast furnace slag (GBFS) as per IS 2386:1986 
(Source: JSW slag, Bellary) 

S. No Property GBFS Range as per IS: 383 -1970 

1. Specific gravity (SSD) 2.53 2.30-2.90 

2. 
Bulk Density (SSD) 

a) Loose 
b) Compacted 

 
1337 kg/m3 
1531 kg/m3 

 
1280-1920 

3. Fineness Modulus 2.81 2.10-3.20 

4. Water absorption % 2.56 0-8 

5. Fines through 75 , % 6.14  

 
Table 4 -   Chemical properties of GBFS  

(Source: JSW slag, Bellary) 
S.No Characteristics Requirement % as per  IS-12089 Test Results % 

1 SiO2 (%) - 32.51 
2 Al2O3 (%) - 21.76 
3 Fe2O3 - 1.1 
4 CaO (%) - 35.68 
5 MgO (%) 17 (Max) 7.6 
6 Loss on Ignition (%)  0.35 
8 Manganese Content 5.5 (Max) 0.15 
9 Sulphur 2.0 (Max) 0.47 

10 Glass Content (minimum) 85 92 
11 Moisture Content - 5.2 
12 Particle size passing 50 mm 95 % 100 % 

13 Chemical Moduli 
(CaO+MgO + Al2O3) /SiO2 

Greater than or equal to 1.0 2 

 

 
 

Fig 2 - GBFS Sand (Source: JSW slag, Bellary) 
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Fig 3 - Grading Curve for GBFS and River Sand 

 
Table 5 - Comparison of Impurities in River Sand and GBFS 

(Source: JSW slag, Bellary) 
Impurities River Sand GBFS 

Marine Products 2 - 4% Nil 

Oversized Materials 6 - 10% Nil 

Clay & Silt 5 - 20% Nil 

Granulated Blast Furnace Slag (GBFS) used is having fineness modulus of 2.81 and is conforming 
to Zone-II, which is ideal to be used as fine aggregate as per IS code standard. It has high 
percentage of alumina content as compared to river sand. Fig 3 depicts the particle size distribution 
of GBFS and river sand. Table 5 shows that GBFS is free from impurities when compared to river 
sand. In GBFS, water absorption is more as compared to river sand due to presence fines less than 
75 . Chemical analysis suggest that the presence of deleterious materials in GBFS is less than 
0.086% which indicated that GBFS is chemically innocuous.  
 
2.3 Coarse Aggregate  
The coarse aggregate chosen for SCC was typically round in shape, well graded and smaller in 
maximum size than that used for conventional concrete. Crushed granite metal of size of 10 mm 
graded obtained from the locally available quarries was used in the present investigation. These 
were tested as per IS 383-1970 [Methods of physical tests for hydraulic cement]. The physical 
properties like specific gravity, bulk density, flakiness index, elongation index and fineness 
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modulus. Properties of coarse aggregate conforming to IS: 383 – 1970 and results of various tests 
conducted in accordance with IS: 2386 – 1963 are tabulated as follows: 
 

Table 6 - Physical properties of Coarse aggregate 

S. No Property Method Coarse 
Aggregate 

1. Specific gravity Pycnometer 
IS:2386 Part 3-1986 2.6 

2. Bulk Density (Loose) IS:2386 Part 3-1986 1434 kg/m3 

3. Bulking IS:2386 Part 3-1986 -- 
4. Flakiness Index (IS:2386 Part 2-1963) 6.15% 
5. Elongation Index (IS:2386 Part 2-1963) 7.1% 
6. Fineness Modulus Sieve Analysis (IS:2386 Part 2-1963) 6.74 

 
Table 7 shows the sieve analysis of coarse aggregate, from which fineness modulus of coarse 
aggregate is found as 6.74. Size of the coarse aggregate used is 10mm. 
 

Table 7 - Sieve Analysis of Coarse Aggregate 

The dry weight of aggregate = 5000 gms  

Sieve size 
Weight of 

material retained 
(gms) 

% weight 
retained 

Cumulative 
%weight retained 

%weight 
passing 

20mm 0 0 0 0 
10mm 3700 74 74 26 

4.75mm 1300 26 100 0 
2.36mm 0 0 100 0 
1.18mm 0 0 100 0 

600� 0 0 100 0 
300� 0 0 100 0 
150� 0 0 100 0 

 

2.4 Mixing water 

Water used for mixing and curing was potable water, which was free from any amounts of oils, 
acids, alkalis, sugar, salts and organic materials or other substances that may be deleterious to 
concrete or steel confirming to IS : 3025 – 1964  part22, part 23 and IS : 456 – 2000 [Code of 
practice for plain and reinforced concrete]. The pH value should not be less than 6. The solids 
present were within the permissible limits as per clause 5.4 of IS: 456 – 2000. 
Water used for mixing and curing is fresh potable water, conforming to IS: 3025 – 1986 and IS: 
456 – 2000 and its properties are tabulated as follows: 
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Table 8 - Properties of Water Sample 

Parameter Results Limits as per IS 456 – 2000 
pH 6.6 6.5 – 8.5 

Chlorides (mg/l) 49 2000 (PCC)     500 (RCC) 
Alkalinity (ml) 8 < 25 

Sulphates (mg/l) 116 400 
Fluorides (mg/l) 0.089 1.5 

Organic Solids (mg/l) 53 200 
Inorganic Solids (mg/l) (mg/l) 129 3000 

Suspended matter (mg/l) 40 2000 

2.5 Fly ash 
Fly ash is an inorganic, non-combustible, finely divided residue collected or precipitated from the 
exhaust gases of any industrial furnace. Most of the fly ash particles are solid spheres and some 
particles, called cenospheres, are hollow and some are the plerospheres, which are spheres 
containing smaller spheres inside. Fly ash surface area is typically 400 m2/kg and is primarily 
silicate glass containing silica, alumina, iron, and calcium. Fly ash used in this investigation was 
procured from Vijayawada Thermal Power Station, Andhra Pradesh, India. It confirms with grade 
I of IS: 3812 – 1981 [Specifications for fly ash for use as pozzolana and admixture]. It was tested 
in accordance with IS: 1727 –1967 [Methods of test for pozzolana materials].  
The physical characteristics and chemical composition of fly ash used in the present investigation 
were given in Tables 9.  

Table 9 – Physical and Chemical Composition of fly ash 

(Source: Vijayawada Thermal Power Station, Andhra Pradesh) 

Characteristics Result (%) Requirements of IS:3812 
Physical Properties 

Fineness m2/kg 364 320
Specific Gravity 2.15 

Compressive strength at 28 days as percentage of 
strength of corresponding plain  mortar cubes 86% Not less than 80% 

Chemical Properties 
Silica, SiO2 61 35

Alumina Al2O3 30.3 -
Iron oxide Fe2O3 3.93 -

Lime CaO 0.80 - 
Magnesia Mg O 0.4 5 

Sulphar Trioxide SO3 <0.01 2.75
Na2O 0.25 1.5
K2O 0.91 -
TiO2 1.95

Loss on Ignition 0.82 12 
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2.6 Micro silica 

Micro silica is a highly reactive pozzolanic material (silicon dioxide (SiO2) more than 90 percent 
in non-crystalline form) having specific gravity of 2.30. Micro silica Grade 92D conforming to IS: 
15388 -2003 is used. Silica fume has specific surface area of about 20,000m2/kg. Micro silica of 
Grade 92D conforming to IS: 15388 -2003 is used. Micro silica used in this investigation was a 
product of Elkem. The general physical and chemical properties of micro silica are given in the 
Table 10 and Table 11. 

Table 10 - Physical requirements of Micro silica 

Property Result 
Form or state Ultra-fine amorphous powder  
Colour Gray 
Odour Odour less 
Melting point (°C) 1550 – 1570 
Specific gravity 2.22  
Bulk Density (kg/m3) 150 – 700  
Specific Surface (m2/kg) 20000  
Particle size, mean (�m) 0.5 
Silicon Dioxide > 85% 

 
Table 11 - Chemical Properties of Micro silica 

Characteristics Percentage 
SiO2 92 % 
Al2O3 0.46 % 
Fe2O3 1.6% 
MgO 0.74 % 
CaO 0.36 % 
Na2O 0.7 % 
K2O 0.9 % 
SO3 0.35 % 
LOI 2.5 % 
pH 7.6 % 

Accelerated pozzolanic Activity index  at 7 days 104 
Accelerated pozzolanic Activity index  at 28 days 117 

 
2.7 Metakaolin 
Metakaolin obtained from KOAT manufacturing company, Vadodara, Gujarat has been used. 
Metakaolin is a de-hydroxylated form of the clay mineral kaolinite. Rocks that are rich in kaolinite 
are known as china clay or kaolin, traditionally used in the manufacture of porcelain. The particle 
size of metakaolin is smaller than cement particles, but not as fine as silica fume. Metakaolin is 
obtained by calcination of pure or refined kaolin clay at a temperature between 6500C and 8500C, 
followed by grinding to achieve a fineness of 15000 m2/kg (B.E.T).The specific gravity is found 
as 2.50. The resulting material has high pozzolanic property. It has already been prescribed for use 
in concrete making, in the Indian Standard IS 456:2000 'Code of practice for plain and reinforced 
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concrete (fourth revision). However, a detailed Indian Standard specification was not yet available. 
Physical and chemical properties of metakaolin as supplied by are tabulated in Fig 12 and 13. 

Table 12 - Physical Properties of Metakaolin 

Description of Physical Properties Units Results 
Color White

Bulk Density gm/Liter 356 
Moisture (Ex-Work) % 0.22 

Blaine’s fineness m2/kg 12000
Residue on 325 Mesh % 0.13 
Average particle size �m 1

Specific gravity 2.52 

Table 13 - Chemical Characteristics of Metakaolin 

Characteristics Percentage
Silica, SiO2 52.1
Alumina Al2O3  36.1 
Iron oxide Fe2O3  4.3 
Lime CaO  0.1 
Magnesia MgO 0.84 
Alkalis KO 1.38 
Loss on Ignition 0.2-0.5 

Metakaolin has layered, flat and flaky structure whereas Micro-silica has granular and angular 
structure. 

2.8 Superplasticizer 

In the present work, water-reducing admixture Conplast SP 430 conforming to IS 9103: 1999 
[Specification for admixtures for concrete], ASTM C – 494 [Standard Specification for Chemical 
Admixtures for Concrete] types F, G and BS 5075 part.3 [British Standards Institution] was used 
for M20 and M40. Conplast SP 430 is a Sulphonated Naphthalene based Formaldehyde (SNF), 
super plasticizer and it was manufactured by Fosroc. For M80 and M100, BASF Glenium B233, 
High-performance super plasticizer based on PCE (polycarboxylic ether) for concrete conforming 
to IS: 9103-1999 is used as a water-reducing admixture. Dosage range of 0.5 to 1.5% by weight 
of cement is normally recommended.  

2.9 Viscosity Modifying Agent (VMA) 

These admixtures enhance the viscosity of water and eliminate the bleeding and segregation 
phenomena in the fresh concrete as much as possible. VMA is a neutral, biodegradable, liquid 
chemical additive designed to reduce the bleeding, segregation, shrinkage and cracking that occur 
in high water/cement ratio concrete mixes. VMA also contribute to stabilization for SCC mixes 
that are susceptible to segregation at high slump ranges. The VMA used in this investigation was 
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BASF’s Glenium Stream-2 which is a product of Degussa construction chemicals. The VMA used 
in this investigation was Glenium stream-2 and the properties of VMA are given in Table 14. 

 

Table 14 - Properties of Viscosity Modifying Agent 

(Source: BASF Chemicals- Glenium Stream 2) 

Property Result 

Aspect Colorless free flowing liquid 

Relative density 1.01 

pH 6 

Chloride ion content < 0.2% 

Compatibility Can be used with all types of cements  

Mechanism of action It consists of a mixture of water soluble copolymers which is 
adsorbed onto the surface of the cement granules, thereby 
changing the viscosity of the water and influencing the 
rheological properties of the mix. 

Dosage 50 to 500 ml/100 kg of cementitious material. 

 
The specific gravities of the cement, fly ash, micro silica and metakaolin are 3.15, 2.15, 2.22 and 
2.52 respectively. The superplasticizer content was fixed, with the intention of maintaining a 
standard material proportion and avoiding any effects of variation in superplasticizer content onto 
strength properties. 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

29



3. MIX DESIGN

Quantities required for 1 cu.m are evaluated for ordinary grade (M20) , standard grade (M40) and  
high strength grade (M80 and M100) of binary, ternary and quaternary blended Self-Compacting 
Concrete (SCC) made with optimum proportions of Fly Ash (FA), Microsilica (MS) and 
Metakaolin (MK) combination based on calculations from Nan Su mix design method. Final 
quantities, for all SCC mixes considered, are assumed after several trial mixes on quantities 
computed using Nan Su mix design method subjected to satisfaction of EFNARC flow properties 
as shown in Table 5.20 to Table 5.26. The initial base quantities calculated using Nan Su method 
for Ordinary (M20) grade SCC mix are tabulated in Table 15. 

Table 15 – Quantities in kg per cu.m for Ordinary (M20) grade SCC obtained using Nan 
Su method of Mix Design 

Cement 
‘OPC’ 

Pozzolana 
(fly ash ‘FA’) 

Fine 
aggregate 

Coarse 
aggregate S.P. Water 

Quantity 
kg/m3 190 257 904 812 8.1 L 192.34 L 

The amount of total powder (i.e., OPC+FA) computed is 447 kg/m3 and computed total weight of 
Pozzolan ( i.e., fly ash alone) is 257 kg/m3 (57% of total powder). For the above total powder 
content, flow properties are not achieved as per EFNARC guidelines, so several trail mixes were 
carried out to satisfy the flow properties. The final SCC mix proportions as shown in Table 16 are 
arrived at after several trail mixes by adjusting cement, pozzolan (fly ash) and super plasticizer till 
the mix conforms to EFNARC specifications for the required fresh properties.  

Table 16 – Final Quantities per cu.m for Ordinary grade (M20) SCC mix after trail mixes 

Cement 

Pozzolana 
Fine 

aggregate 
Coarse 

aggregate S.P. WaterFly ash 

Quantity kg/m3 225 261 904 812 9.34 L 221 L 

Henceforth, the total amount of powder quantity ( cement + pozzolanic mixture) adopted for 
Ordinary (M20) grade SCC is 486 kg/m3 and water/powder ratio is 0.45 for all blended Ordinary 
(M20) grade SCC mixes. Similarly, the initial quantities calculated using Nan Su method for 
Standard (M40) grade SCC mix are tabulated in Table 17. 

Table 17 – Quantities in kg per cu.m for Standard (M40) grade SCC obtained using Nan 
Su method of Mix Design 

Cement Pozzolana Fine 
Aggregate 

Coarse 
Aggregate S.P. Water 

Fly ash 
Quantity 

kg/m3 344 180 891 738 9.43 L 190.35 L 
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The amount of total powder (i.e., OPC+FA) computed is 524 kg/m3 and computed total weight of 
fly ash is 180 kg/m3 (35 % of total powder). For the above powder content, flow properties are not 
achieved as per EFNARC guidelines, so several trail mixes were carried out to satisfy the flow 
properties. The final SCC mix proportions shown in Table 18 are arrived at after several trail mixes 
by adjusting Cement, Pozzolan (fly ash) and super plasticizer till the mix conforms to EFNARC 
specifications for the required fresh properties.  

Table 18 – Final Quantities per 1 cu.m for standard grade (M40) SCC mix after trail mixes. 

Cement

Total 
Pozzolana Fine 

Aggregate 
Coarse 

Aggregate S.P. Water water/powder 
ratio Fly ash 

Quantity 
kg/m3 317 214 891 786 9.34L 185L 0.35

Henceforth, the total amount of powder quantity (cement + pozzolanic mixture) adopted for 
standard grade (M40) SCC is 531 kg/m3 and water/powder ratio is 0.35 for all blended standard 
grade (M40) SCC mixes. Likewise the initial quantities calculated using Nan Su method for high 
strength (M80) grade SCC mix are tabulated in Table 19. 

Table 19 – Quantities in kg per cu.m for high strength (M80) grade SCC obtained using 
Nan Su method of Mix Design 

Cement 
Total 

Pozzolana Fine 
Aggregate 

Coarse 
Aggregate S.P Water 

Fly ash 
Quantity 

kg/m3 644 14 810 788 11.84L 150.56 L

The computed amount of total powder (i.e., OPC+FA) is 658 kg. For the above quantities flow 
properties are achieved conforming to EFNARC guidelines. But keeping in view, the high quantity 
of cement computed using Nan Su method, the maximum cement content is limited to 450 kg per 
cum of concrete as per clause 8.2.4.2 of IS 456-2000. After trail mixes, revised quantities in kg 
per cu.m for high strength grade (M80) SCC mix are arrived by (i) limiting the Cement to 
maximum permissible amount, (ii) increasing quantity of pozzolan (fly ash) to maximum amount 
possible and adjusting the super plasticizer without compromising the EFNARC flow properties 
and desired strength property. 
The final quantities for high strength M80 grade SCC mix are tabulated in Table 20. 

Table 20 – Final Quantities for trial mixes of high strength M80 grade SCC mix 

Cement

Total 
Pozzolana Total 

Powder 
Content 

Fine 
Aggregate 

Coarse 
Aggregate S.P. 

Water 
(water/powder 

=0.25) Fly ash 

Quantity 
kg/m3 450 250 700 714 658 12.21L 167L
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Henceforth, the total amount of powder quantity (cement + pozzolanic mixture) adopted for high 
strength M80 SCC is 700 kg/m3 and water/powder ratio is 0.25 for all blended high strength M80 
SCC mixes.  

For higher grades, Nan Su mix design method computations yield very less powder content. 
In fact, from the investigation it may be stated that Nan Su method is very difficult to apply for 
higher grades of concrete to arrive at appropriate quantities of materials. In the present study for 
M100 grade SCC mix, quantities are arrived by conducting various trial mixes based on M80 Nan 
Su mix design computations by adjusting powder content so that EFNARC flow properties and 
required strength criteria are met. The final quantities for high strength M100 grade SCC mix are 
tabulated in Table 21. 

Table 21 – Quantities in kg per 1 cu.m for high strength grade (M100) SCC mix after trail 
mixes. 

Cement

Total 
Pozzolana Total 

Powder 
Content 

Fine 
Aggregate 

Coarse 
Aggregate S.P. 

Water 
(water/powder 

=0.22) Fly ash 

Quantity 
kg/m3 450 250 700 689 636 15.8L 154L

Henceforth, the total amount of powder quantity (cement + pozzolanic mixture) adopted for high 
strength M100 SCC is 700 kg/m3 and water/powder ratio is 0.22 for all blended high strength M100 
SCC mixes.  
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4. OPTIMIZATION OF ADMIXTURES

Several trial mixes are conducted on number of SCC mixes made with the different possible 
combinations of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) to develop various binary, 
ternary and quaternary blended SCC systems to determine the appropriate optimized quantities of 
Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) are chosen for binary, ternary and 
quaternary blended SCC systems subjected to fulfilment of EFNARC flow specifications and on 
realization of desired strength. Flow properties are tested by using following test methods: 

Table 22- List of test methods for workability properties of SCC 

Method Parameter
Slump flow test , T50cm Slump flow and  
V-funnel test Filling ability 

V-Funnel at T5 minutes Segregation resistance 
L-Box test Passing ability 

Typical acceptance criteria for Self-compacting Concrete with a maximum aggregate size up to 10 
mm are shown in Table 23. 

Table 23- Acceptance criteria for Self-compacting Concrete. 

Method Unit Typical range of values 
Minimum Maximum

Slump flow test mm 650 800 
T50 cm Slump flow sec 2 5 
V – Funnel sec 6 12 
V – Funnel at T5 minutes sec 6 15 
L – Box  h2/h1 0.8 1.0

4.1 Test Methods as per EFNARC Guidelines 

Slump flow test and T50 cm test 
Slump Flow Test measures the spread or flow of concrete sample, the diameter of the concrete 
circle is a measure of the filling ability of concrete. Slump Flow is definitely one of the most 
commonly used SCC tests at present. A slump flow ranging from 650 to 800mm is considered 
necessary for a concrete to be self-compacted.  At slump flow of more than 800mm the concrete 
might segregate and at slump flow less than 650mm the concrete may have insufficient flow to 
pass through highly congested reinforcement. The T50 test is a secondary test to determine Slump 
Flow. It is simply the amount of time that the concrete takes to flow to a diameter of 50 centimeters. 
A lower time indicates greater flowability.  

L – Box test 
This test is an indication of passing ability, or the degree to which the passage of concrete through 
the bars is restricted. This is a widely used test, suitable for laboratory and site use.  It assesses 
filling ability, passing ability of SCC, and segregation is also detected visually. If the concrete 
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flows as freely as water, at rest it will be horizontal, so H2/H1 i.e blocking ratio is equal to 1. 
Therefore the nearer this test value is to unity, the better is the flow of the concrete. 

V – Funnel test and V – funnel test at T5 minutes 
The V-funnel test is used to determine the filling ability of the concrete and the time taken 

for it to flow through the apparatus measured. After this the funnel was refilled concrete and left 
for 5 minutes to settle. If the concrete shows segregation then the flow time increases significantly. 
This test measures the ease of flow of the concrete.  A funnel test flow time less than 6 seconds is 
recommended for concrete to qualify for SCC. According to EFNARC standards a flow time (Tf) 
of 10 seconds is considered appropriate for SCC, and T5minutes should be less than (Tf+3) seconds. 

4.2 Optimization of pozzolans quantities in SCC mixes 
This phase identifies the optimum proportions of fly ash, micro silica and metakaolin in binary, 
ternary and quaternary blended SCC mixes in order to obtain the enhanced performance of SCC 
at all ages. The details of the quantities of materials, replacement percentages and quantities (kg) 
of SCMs and OPC in total powder content and their corresponding fresh properties are shown in 
Table 24 to Table 31 respectively for ordinary grade (M20), standard grade (M40) and high 
strength grade (M80 and M100) of binary, ternary and quaternary blended Self Compacting 
Concrete (SCC) made with optimum proportions of Fly Ash (FA), Micro-silica (MS) and 
Metakaolin (MK) combination. Table 24 shows base quantities of ordinary grade (M20) SCC mix, 
which fulfill EFNARC fresh properties guidelines, derived after several trial mixes on the 
quantities calculated using Nan Su mix design method. It can be observed that the total powder 
content calculated is 486 kg/m3. Generally, fly ash is used as pozzolan in the development of SCC 
mixes so Nan Su mix design calculations are carried out by considering fly ash and its properties. 
Depending on the above calculated base quantities for ordinary grade (M20), thirty-four (34) 
blended SCC mixes were designed in two groups of binary and ternary.  Table 25 shows various 
designated binary and ternary blended SCC mixes made with different proportions of Fly Ash 
(FA), Microsilica (MS) and Metakaolin (MK). In mix designation, number indicates replacement 
percentage of total powder content. One reference SCC mix was also prepared by only OPC (C1) 
while in the remaining mixtures (B1 to B14 and T1 to T20) OPC was partially replaced with fly 
ash (FA), microsilica (MS), metakaolin (MK) and their combination. Mix numbers B1 to B14 are 
binary blended SCC mixtures made of either fly ash (FA) or micro silica (MS) or metakaolin (MK) 
while mix numbers T1 to T20 are ternary blended fly ash-based SCC mixtures made with 
microsilica (MS) or metakaolin (MK) as SCMs.  
To determine optimal proportions of fly ash (FA), micro silica (MS) and metakaolin (MK) in 
binary blended SCC mixtures, different combinations of SCMs are considered. Percentage 
replacement of fly ash by weight of total powder content is limited to 40 – 60% (B1 to B3). As per 
preliminary calculation from mix design, fly ash content is above 50% therefore experimental 
investigations are started with initial percentage replacement of fly ash as 40%. Beyond 60% 
replacement with FA for ordinary grade (M20) grade, desired strength property is not achieved. 
Various percentage replacements of microsilica (MS) and metakaolin (MK) of total powder 
content are in between 5-25% and 5-30% respectively. 
To determine optimal proportions of fly ash (FA), microsilica (MS) and metakaolin (MK) in 
ternary blended (MS+FA and MK+FA) SCC mixtures, different replacement percentages of SCMs 
are considered. In ternary blended (MS+FA) SCC mixtures, percentage replacement of fly ash by 
weight of total powder content is limited to between 50 – 60% (T1 to T8) and the percentage 
replacement of microsilica (MS) is limited to between 5 -20% by weight of total powder content. 
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Similarly in ternary blended (MK+FA) SCC mixtures, percentage replacement of fly ash by weight 
of total powder content is limited to between 50 – 70% (T9 to T20) and the percentage replacement 
of MK is limited to between 5 -20% by weight of total powder content. 
Table 25 presents several possible binary and ternary blended ordinary grade (M20) SCC mixes 
with the different proportions of pozzolanic mixtures, their flow properties and achieved strengths. 
From this table, six optimally blended SCC mixes are selected which also includes reference SCC 
mix (C1). The optimum SCC mixes from both binary and ternary blended groups are selected 
subjected to following conditions: 

(1) EFNARC flow properties are to be satisfied.  
(2) Desired strength is to be achieved at stipulated age of curing. 
(3) Maximum reduced cement content in blended SCC mixture. 

From the experimental investigations, the mixes C1, B2, B7, B13, T3 and T15 are chosen as 
optimum binary and ternary blended ordinary grade M20 SCC mixes where both flow and desired 
strength properties are met along with optimal usage of pozzolanic quantities. The following are 
mix designations of optimum combinations of ordinary grade M20 blended SCC mixes: 

(1) C100 [C1] 
(2) C50+FA50 [B2] 
(3) C80+MS20 [B7 
(4) C75+MK25 [B13] 
(5) C35+FA50+MS15 [T3] 
(6) C25+FA60+MK15 [T15] 

(Numbers in the above mix designations indicate percentage by weight of total powder content) 
For reference SCC mix (C1) where 100% OPC is used to develop ordinary grade SCC mix, both 
flow properties and desired strengths are achieved. In binary blended SCC mix, for obtaining the 
specified flow properties and similar strength as reference mix at stipulated age of curing, cement 
can be replaced by 50% FA or 20% MS or 25% MK. While in ternary blended SCC mix, for 
obtaining the specified flow properties and similar strength as reference mix at stipulated age of 
curing, cement can be replaced by 50%FA+15%MS or 60%FA+15%MK. 
From the observations, it can be stated that in ternary blended fly ash-based SCC mixes made with 
micro silica (MS) or metakaolin (MK), cement content is reduced significantly compared to binary 
blended ordinary grade (M20) SCC mixes made with fly ash (FA), micro silica (MS) and 
metakaolin (MK) independently. Fly ash percentage replacement is about 50 and 60% for MS+FA 
based SCC mix and MK+FA based SCC mix respectively. It was observed that with the inclusion 
of metakaolin (MK) to fly ash blended SCC mix yields more usage of fly ash in terms of 
replacement compared to micro silica (MS).  
Therefore metakaolin (MK) is much preferred than micro silica (MS) for fly ash based ternary 
blended ordinary grade (M20) SCC mix for: (1) Cement content is reduced (2) Fly ash usage is 
increased (3) Less expensive (4) Early strength due to MK offsets the later strength 
accomplishment due to FA and (5) Better flow properties 
 

Table 24– Base Quantities for Ordinary grade (M20) SCC mix  

 Cement 
(i) 

Pozzolan 
Content 

(ii) 

Total 
Powder 
Content 
(i)+(ii) 

Fine 
aggregate 

Coarse 
aggregate S.P. Water water/powder 

ratio 

Quantity 
kg/m3 225 261 486 904 812 9.34 L 221 L 0.45 
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Table 26 gives base quantities of standard grade (M40) SCC mix derived after several trial mixes 
on the quantities calculated using Nan Su mix design method. It can be observed that the total 
powder content is 531 kg/m3. Generally, fly ash is used as pozzolan in the development of SCC 
mixes so Nan Su mix design calculations are carried out by considering fly ash and its properties.  
Depending on the above calculated base quantities for standard grade (M40), twenty-five (25) 
blended SCC mixes were designed in two groups of binary and ternary.  Table 5.30 shows various 
blended standard grade (M40) SCC mixtures made with different proportions of Fly Ash (FA), 
Microsilica (MS) and Metakaolin (MK). In Mix designation, number indicates percentage by 
weight of total powder content. One reference SCC mix was also prepared by only OPC (C1) while 
in the remaining mixtures (B1 to B11 and T1 to T14) OPC was partially replaced with fly ash 
(FA), microsilica (MS), metakaolin (MK) and their combination. Mix numbers B1 to B11 are 
binary blended SCC mixtures made of either fly ash (FA) or microsilica (MS) or metakaolin (MK) 
while Mix numbers T1 to T14 are ternary blended fly ash-based SCC mixtures made of microsilica 
(MS) or metakaolin (MK).  
To determine optimal proportions of fly ash (FA), microsilica (MS) and metakaolin (MK) in binary 
blended SCC mixtures, percentage replacement of fly ash by weight of total powder content is 
limited to 40 – 50% (B1 to B2) based on  preliminary calculation from mix design. Beyond 40% 
replacement with fly ash (FA) for standard grade (M40), desired strength property is not achieved. 
The percentage replacement of micro silica (MS) and metakaolin (MK) of total powder content 
are limited to 5-20% and 5-25% respectively. 
To determine optimal proportions of fly ash (FA) and microsilica (MS) in ternary blended SCC 
mixtures, percentage replacement of fly ash by weight of total powder content is limited to 40 – 
50% (T1 to T6) and the percentage replacement of microsilica (MS) is limited to 5 -15% by weight 
of total powder content. Similarly in ternary blended MK+FA based SCC mixtures, percentage 
replacement of fly ash by weight of total powder content is limited to 50 – 60% (T7 to T14) and 
the percentage replacement of metakaolin (MK) is limited to 5 -20% by weight of total powder 
content. 
Table 27 presents several possible binary and ternary blended standard grade (M40) SCC mixes 
with the quantities of pozzolanic mixtures, their flow properties and achieved strengths. From this 
table, six optimum blended SCC mixes are selected which also includes reference SCC mix (OPC 
alone). The optimum SCC mixes from both binary and ternary blended groups are selected 
subjected to following conditions: 

(1) EFNARC flow properties are to be satisfied.  
(2) Desired strength is to be achieved at stipulated age of curing. 
(3) Maximum reduction of cement content in blended SCC mixture  

From the experimental investigations, the mixes C1, B1, B5, B10, T5 and T9 are chosen as optimal 
binary and ternary blended standard grade (M40) SCC mixes where both flow and desired strength 
properties are met along with optimal usage of pozzolanic quantities. The following are mix 
designations of optimum combinations of standard grade (M40) blended SCC mixes: 

(1) C100 [C1] 
(2) C60+FA40 [B1] 
(3) C85+MS15 [B5] 
(4) C80+MK20 [B10] 
(5) C50+FA40+MS10 [T5] 
(6) C35+FA50+MK15 [T9] 

Numbers in the above mix designations indicate percentage by weight of total powder content.  
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For reference SCC mix (C1) where 100% OPC is used to develop standard grade (M40) SCC mix, 
both flow properties and desired strengths are achieved. In binary blended SCC mix, for obtaining 
the specified flow properties and similar strength as reference mix at stipulated age of curing, 
cement can be replaced by either 40% FA or 15% MS or 20% MK. While in ternary blended SCC 
mix, for obtaining the specified flow properties and similar strength as reference mix at stipulated 
age of curing, cement can be replaced by 40%FA+10%MS or 50%FA+15%MK. 
From the observations, it can be stated that in ternary blended fly ash based SCC mixes made with 
micro silica (MS) or metakaolin (MK), cement content is reduced significantly compared to binary 
blended standard grade (M40) SCC mix. 
Fly ash percentage replacement is about 40 and 50% for MS+FA based SCC mix and MK+FA 
based SCC mix respectively. It was observed that with the inclusion of metakaolin (MK) to fly ash 
based binary blended SCC mix yields more usage of fly ash in terms of replacement compared to 
MS. Therefore metakaolin (MK) is much preferred than micro silica (MS) for fly ash based ternary 
blended standard grade (M40) SCC mix for: 

(1) Cement content is reduced
(2) Fly ash usage is increased
(3) Less expensive
(4) Early strength due to metakaolin (MK) offsets the later strength accomplishment  due to

fly ash (FA)
(5) Better flow properties

Table 26 – Base Quantities for standard grade (M40) SCC mix 

Cement Total 
Pozzolana 

Fine 
Aggregate 

Coarse 

Aggregate 
S.P. 

Water water/ 

powder 
ratio 

Quantity 

kg/m3 
317 214 891 786 9.34L 185L 0.35
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Table 28 gives base quantities of high strength grade (M80) SCC mix derived after several trial 
mixes on the quantities calculated using Nan Su mix design method. It can be observed that the 
total powder content is 700 kg/m3 with cement content restricted to 450 kg/m3 from durability of 
concrete point of view and rest of the powder is fly ash (250 kg/m3). Generally, fly ash is used as 
pozzolan in the development of SCC mixes so Nan Su mix design calculations are carried out by 
considering fly ash and its properties.  
Depending on the above calculated base quantities for high strength grade (M80), twenty-nine (29) 
blended SCC mixes were designed in three groups of binary, ternary and quaternary.  Table 29 
shows various blended high strength grade (M80) SCC mixtures made with different proportions 
of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK). In Mix designation, number indicates 
percentage by weight of total powder content. Various binary, ternary and quaternary SCC mixes 
were prepared with different proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK). 
(B1 to B8, T1 to T8 and Q1 to Q12). Mix numbers B1 to B8 are binary blended SCC mixtures 
made of either fly ash (FA) or microsilica (MS) or metakaolin (MK) while Mix numbers T1 to T8 
are ternary blended fly ash based SCC mixtures made of microsilica (MS) or metakaolin (MK) 
and Mix numbers Q1 to Q12 are quaternary blended fly ash based SCC mixtures made of 
microsilica (MS) and metakaolin (MK) combination. 
In high strength grade (M80) SCC mix ‘C1’ developed with 100% OPC does not yield desired 
strength is not achieved. So, using 100% OPC in development of high strength grade (M80) SCC 
mix is completely ruled out. In binary blended high strength grade (M80) SCC mixtures, 
percentage replacement of fly ash by weight of total powder content is 35% i.e. 250 kg/m3 (B1) 
which is based on preliminary calculation from mix design. For the mix proportion C65+FA35, 
required flow properties are achieved but desired strength is not realized. For binary blended SCC 
mixtures made with percentage replacement of either micro silica (MS) or metakaolin (MK) or 
both combined, micro silica (MS) and metakaolin (MK) are limited to 5-15% and 5-20% 
respectively.  
In ternary blended micro silica (MS) and fly ash (FA) blended high strength grade (M80) SCC 
mixtures (T1 to T4) percentage replacement of micro silica (MS) is limited to 5 -20% by weight 
of total powder content. Similarly in ternary blended metakaolin (MK) and fly ash (FA) blended 
high strength grade (M80) SCC mixtures (T5 to T8), percentage replacement of metakaolin (MK) 
is limited to 5 -20% by weight of total powder content. In both the above ternary blended MS+FA 
blended SCC and MK+FA blended SCC mixtures (T1 to T8), the cement content is kept constant 
(65% by weight of total powder content). 
In binary blended high strength grade (M80), for fly ash (FA) blended SCC mix (B1) and 
metakaolin (MK) blended SCC mixes (B5 to B8) although required flow properties are achieved 
but desired strength is not realized. But in binary blended micro silica (MS) blended SCC mix, 
both required flow properties and desired strength are attained, if the MS percentage replacement 
is limited to 5-10% by weight of powder. The optimal mix chosen for binary blended micro silica 
(MS) blended SCC mix is 5% MS replacement (B2). Henceforth, for high strength grade (M80) 
mixes, Mix OPC95+MS5 (B2) is taken as reference mix. 
In ternary blended metakaolin (MK) and fly ash (FA) blended high strength grade (M80) SCC 
mixtures (T5 to T8), however required flow properties are satisfied but desired strengths are not 
obtained for any one the mixes. But for micro silica (MS) and fly ash (FA) blended ternary blended 
SCC mixes (T1 toT4), up to 15% MS by weight of powder, both required flow properties and 
desired strength are attained satisfactorily. So C65+FA20+MS15 (T3) SCC mix is considered 
optimal in ternary blended high strength grade (M80) SCC mixes.  
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In quaternary blended high strength grade (M80) SCC mixtures (Q1 to Q12) made of microsilica 
(MS) and metakaolin (MK) combination, keeping cement content constant (65% by weight of total 
powder content), microsilica (MS) and metakaolin (MK)  proportions are limited to 7 – 14%.  
For quaternary blended SCC mix (Q1), initially 7% MS and 7% MK replacements are assumed, 
keeping cement content constant i.e. 65% by weight of total powder content and rest of powder is 
fly ash, and required flow properties are not satisfied. So microsilica (MS) and metakaolin (MK) 
are gradually increased to 14% each yet flow properties are not achieved. Then author proposed 
to additionally increase fly ash content incrementally by 10% by weight of powder content (700 
kg/m3), thereby incrementally increasing the powder quantity by 70 kg. With addition of 30% of 
fly ash (FA) to the C65+FA7+MS14+MK14 SCC mix (Q11), required flow and strength properties 
are achieved. So for quaternary blended SCC mix, the optimum combination of cement and 
pozzolanic mixture is revised as C50+FA28+MS11+MK11 SCC mix where final total powder 
content is 910 kg/m3 in which cement content is 455 kg/m3 and pozzolanic mixture is 455 kg/m3. 
Table 29 presents several possible binary, ternary and quaternary blended high strength grade 
(M80) SCC mixes with the quantities of pozzolanic mixtures, their flow properties and achieved 
strengths. From this table, three optimally blended SCC mixes are selected.  
From the experimental investigations, the mixes B2, T3 and Q11 are chosen as optimum binary, 
ternary and quaternary blended high strength grade (M80) SCC mixes made with fly ash (FA), 
microsilica (MS) and metakaolin (MK) where both flow and desired strength properties are met 
along with optimal usage of pozzolanic quantities. The following are mix designations of optimum 
combinations of binary, ternary and quaternary blended high strength grade (M80) SCC mixes: 

(1) C95+MS5 [B2]
(2) C65+FA20+MS15 [T3]
(3) C50+FA28+MS11+MK11 [Q11]

Numbers in the above mix designations indicate percentage by weight of total powder content. 
Total powder content for binary, ternary is 700 kg/m3 and while for quaternary blended high 
strength grade (M80) it is 910 kg/m3. Thus, by incorporating metakaolin (MK) into micro silica 
(MS) and fly ash (FA) blended ternary blended SCC mixes, the amount of fly ash used has almost 
doubled to achieve the requisite flow properties and therefore desired strength. From this 
observation, it can be understood that micro silica (MS) in blended SCC mixtures imparts high 
strength but flow properties are marginally satisfied while metakaolin (MK) inclusion enhances 
the usage of high quantity of fly ash in SCC mixes for superior rate of gain of strength and more 
importantly for improved flow properties of SCC mix. The quaternary blended fly ash based SCC 
mix made of microsilica (MS) and metakaolin (MK) combination is found to be superior to ternary 
blended fly ash based SCC mix made with either microsilica (MS) or metakaolin (MK) due to 
reasons that for similar strength, better early strength, enhanced rate of gain of strength, improved 
flow properties and more use of fly ash quantity in developing blended high strength grade (M80) 
SCC.  

Table 28 – Base Quantities for high strength M80 grade SCC mix 

Cement

Total 
Pozzolana Total 

Powder 
Content 

Fine 
Aggregate 

Coarse 
Aggregate S.P. 

Water 
(water/powder 

=0.25) Fly ash 

Quantity 
kg/m3 450 250 700 714 658 12.2L 167L
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For high strength (M100) grade SCC mix, different SCC mixes are designed depending on the 
base quantities calculated for high strength grade (M80) SCC mix using Nan Su mix design 
method.  For development of high strength grade (M100), nineteen (19) blended SCC mixes were 
designed in three groups of binary, ternary and quaternary. Table 30 shows various possible binary, 
ternary and quaternary blended high strength grade (M100) SCC mixtures made with different 
proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK). In Mix designation, number 
indicates percentage by weight of total powder content. Mix numbers B1 to B3 are binary blended 
SCC mixtures made of microsilica (MS) only while Mix numbers T1 to T3 are ternary blended 
SCC mixtures made of fly ash (FA) and microsilica (MS) whereas Mix numbers Q1 to Q12 are 
quaternary blended fly ash based SCC mixtures made of microsilica (MS) and metakaolin (MK) 
together. 
In binary blended high strength grade (M100) SCC mixtures made with either fly ash or 
metakaolin, required flow properties are achieved but desired strengths are not realized. Except 
for Binary blended SCC mixtures made with percentage replacement of microsilica (MS, where 
microsilica (MS) is limited to 5-10%, both required flow and strength properties are achieved.  
In ternary blended microsilica (MS)+ fly ash (FA) based high strength grade (M100) SCC mixtures 
(T1 to T3), the percentage replacement of microsilica (MS) is limited to 5 -10% by weight of total 
powder content, both required flow and strength properties are fulfilled. But ternary blended 
metakaolin (MK) and fly ash (FA) blended high strength grade (M100) SCC mixtures does not 
yield desired strength though required flow properties are achieved. The optimal mix chosen for 
binary blended microsilica (MS) based SCC mix is C90+MS10 (B2). Henceforth, for high strength 
grade (M100) mixes, Mix ‘B2’ is taken as reference mix. 
In ternary blended metakaolin (MK) and fly ash (FA) blended high strength grade (M80) SCC 
mixtures, required flow properties are satisfied however desired strengths are not obtained. But for 
fly ash (FA) and microsilica (MS) blended ternary SCC mixes (T1 toT3), up to 10% MS by weight 
of powder, both required flow properties and desired strength are attained satisfactorily. So 
C71+FA19+MS10 (T2) SCC mix is considered optimal in ternary blended high strength grade 
(M100) SCC mixes. The cement content in ternary blended high strength grade (M80) SCC mixes 
is limited to 500 kg/m3.  
In quaternary blended high strength grade (M100) SCC mixtures (Q1 to Q12) made of microsilica 
(MS) and metakaolin (MK) together, keeping cement content constant (71% by weight of total 
powder content), microsilica (MS) and metakaolin (MK) contents are limited to 7 and 14%.  
For quaternary blended SCC mix (Q1), initially 7% MS and 7% MK replacements are assumed, 
keeping cement content constant i.e. 500kg/m3 and rest of powder is fly ash, required flow 
properties not are satisfied. Then author proposed to additionally increase fly ash content 
incrementally by 10% by weight of powder content (700 kg/m3) until flow properties are achieved 
and also microsilica (MS) and metakaolin (MK) quantities are increased to 14% each to realize 
desired strength. 
The optimum combination of cement and pozzolanic mixture is obtained for 
C55+FA23+MS11+MK11 SCC mix (Q11) where final total powder content is 910 kg/m3 in which 
cement content is 500 kg/m3 and pozzolanic mixture is 419 kg/m3. For this optimum mix, 
microsilica (MS) and metakaolin (MK) are optimally proportioned at 14% each and additional 
percentage of fly ash (FA) added is 30% by weight of powder content (700kg/m3), for which both 
required flow and strength properties are fulfilled.  
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Table 31 presents several possible binary, ternary and quaternary blended high strength grade 
(M100) SCC mixes with the quantities of pozzolanic mixtures, their flow properties and achieved 
strengths. From this table, three optimum blended SCC mixes are selected.  
From the experimental investigations, the mixes B2, T2 and Q11 are chosen as optimum binary, 
ternary and quaternary blended high strength grade (M100) SCC mixes made with different 
proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) where both flow and desired 
strength properties are met along with optimal usage of pozzolanic quantities. The following are 
mix designations of optimum combinations of binary, ternary and quaternary blended high strength 
grade (M100) SCC mixes: 

(1) C90+MS10 [B2]
(2) C71+FA19+MS10 [T2]
(3) C55+FA23+MS11+MK11 [Q11]

Numbers in the above mix designations indicate percentage by weight of total powder content. 
Total powder content for binary, ternary is 700 kg/m3 and while for quaternary blended high 
strength grade (M100) is 910 kg/m3. From this observation, it can be understood that micro silica 
(MS) in blended SCC mixtures imparts high strength but flow properties are marginally satisfied 
while metakaolin (MK) inclusion enhances the usage of high quantity of fly ash in SCC mixes for 
superior rate of gain of strength and more importantly for improved flow properties of SCC mix. 
The quaternary blended fly ash based SCC mix made of micro silica (MS) and Metakaolin (MK) 
together is found to be superior to ternary blended fly ash based SCC mix made with micro silica 
(MS) or Metakaolin (MK) due to reasons that for similar strength, better early strength, enhanced 
rate of gain of strength, improved flow properties and more use of fly ash quantity in developing 
blended high strength grade (M100) SCC. Quaternary blended fly ash based SCC mix also giver 
better early strength than ternary blended SCC mix. 
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In ordinary grade (M20), three binary blended (C50+FA50, C80+MS20, C75+MK25), two ternary 
blended (C35+FA50+MS15, C25+FA60+MK15) and one reference (C100) SCC mixes are 
optimally designed so that all the above mentioned ordinary grade SCC mixes achieve almost 
similar strength. The purpose of choosing the above stated six optimum combinations of SCMs is 
to establish the optimum percentage replacement levels of fly ash, micro silica and metakaolin 
when used individually or in combination in binary and ternary blended SCC mixes.  
From the investigations, it is observed that ternary blended ordinary grade SCC mixes are more 
efficient that binary blended ordinary grade SCC mixes in terms of (1) usage of high quantity of 
fly ash and (2) reduction in quantity of cement used.  
In ternary blends of ordinary grade (M20), metakaolin (MK) blended fly ash (FA) based ternary 
blended SCC mix is considered as more efficient than micro silica (MS) blended fly ash (FA) 
based ternary blended SCC mix because of reasons: (1) economical (2) more fly ash quantity is 
used (3) less amount of cement is used and (4) achieves enhanced rate of attainment of compressive 
strength especially at early age. So it can be concluded that optimally blended metakaolin (MK) 
based ternary SCC blend of ordinary grade will have both economic and environmental benefits. 
In standard grade (M40), three binary blended (C60+FA40, C85+MS15, C80+MK20), two ternary 
blended (C50+FA40+MS10, C35+FA50+MK15) and one reference (100% OPC) SCC mixes are 
designed so that all the SCC mixes achieve almost similar strength. 
The purpose of choosing the above stated six optimum combinations of SCMs is to establish the 
optimum percentage replacement levels of fly ash (FA), micro silica (MS) and metakaolin (MK) 
when used individually or in combination in binary and ternary blended SCC mixes of standard 
grade. In ternary blends of standard grade, metakaolin (MK) based ternary blended SCC mix is 
considered as more efficient than micro silica (MS based ternary blended SCC mix because of : 
(1) least expensive (2) more fly ash quantity is used (3) less amount of cement is used and (4)
achieves enhanced rate of attainment of compressive strength especially at early age.  Al2O3
content is significantly higher in metakaolin (MK). This may results higher early age strength of
concrete due to high reactivity of Al2O3 to form calcium Aluminate hydrate (CAH). So it can be
concluded that optimally blended metakaolin (MK) based ternary SCC blend of standard grade
will have both economic and environmental benefits.
In high strength grade (M80), three optimally blended binary and ternary SCC mixes (C95+MS5,
C65+FA20+MS15, C50+FA28+MS11+MK11) are chosen based on desired compressive strength
achievement.  From the studies, it is observed that without inclusion of micro silica (MS), desired
high strength cannot be attained. Further investigations have showed that metakaolin (MK) based
quaternary blended high strength SCC mix yield better performance than ternary and binary blends
in terms of (1) usage of high quantity of fly ash , (2) enhanced fresh properties and (3) reduction
in quantity of cement used.
Similar observations are made for high strength grade (M100) SCC mix, in which metakaolin
(MK) based quaternary blended high strength SCC mix (C55+FA23+MS11+MK11) yield better
performance than ternary (C71+FA19+MS10) and binary (C90+MS10) blended SCC mixes.
The total powder content for binary and ternary blended SCC mixes of ordinary grade (M20) and
standard grade (M40) are 486 and 531 kg/m3 respectively while for binary and ternary blended
SCC mixes of high strength grade (M80 and M100) the total powder content adopted is 700 kg/m3
and whereas for quaternary blended SCC mixes of M80 and M100 grades, the total powder content
adopted is 910 (additionally 30% of FA is added). It can be concluded that quaternary blended
SCC mixes are more efficient that ternary blended SCC mixes for high strength grade (M80 and
M100).
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Fig 4- Total Powder content used for various grades of blended SCC mixes.

It can be observed that the water/powder ratio for ordinary grade (M20), standard grade (M40), 
high strength grade (M80) and very high strength grade (M100) are 0.45, 0.35, 0.25 and 0.22 
respectively as shown in Fig 5.

Fig 5- Water/Powder ratios adopted for various grades of SCC mixes
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Based on the compressive strength attained at specified age of curing, the efficacy of pozzolans 
are understood. In this study, pozzolans used for blended SCC mixes are Fly Ash (FA), Microsilica 
(MS) and Metakaolin (MK). Age of curing specified for Fly Ash (FA) blended binary, ternary and 
quaternary blended SCC mixes of various grades is 90 days while it is 28 days for Microsilica 
(MS) and Metakaolin (MK) blended SCC mixes.

A customary method for the design of SCC is to follow the recommendations of Okamura & 
Ozawa (1995). Paste composition of the concrete (that is the w/b ratio) is determined using flow 
tests. Their design principles are derived based on numerous experiments. A survey of the 
literature indicates that a number of researchers used their recommendations as a starting point for 
their investigations. Adjustments in coarse and fine aggregate contents are then made to achieve 
the desired flow properties. The same approach is adopted for proportioning the materials required 
for producing high strength concretes. Packing factors adopted while designing various grades of 
blended SCC mixes are depicted in Fig 5.6.

Fig 6 - Packing factors adopted for various grades of SCC mixes 

Metakaolin (MK) blended SCC mixes will set relatively quickly due to its high reactivity, which 
also prevents bleeding and settling of aggregates. In fresh state, tensile strengths have increased 
rapidly in order to prevent any internal stresses caused by drying shrinkage preventing cracks in 
the younger concrete. Metakaolin (MK) when compared to micro silica (MS) has similar particle 
density and surface area but different morphology and surface chemistry. Because of its 
hydrophilic surface, Metakaolin (MK) is easier to disperse into wet concrete. Metakaolin (MK) 
can be incorporated at any stage of concrete production; it should be mixed thoroughly to achieve 
even distribution; intensive mixing is not necessary like micro silica (MS) based concrete.
Metakaolin (MK) concrete normally requires smaller super plasticizer dose than that required for 
the equivalent micro silica (MS) concrete. With no super plasticizer, it may be required to increase 
the water/binder ratio in order to maintain workability. This is partly due to fact that Metakaolin 
(MK) has a lower density than cement so that replacing, say, 10 mass % cement by Metakaolin 
(MK) decreases the water/binder volume ratio and the slurry rheology which is determined by the 
liquid/solid volume ratio. 

g
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The workability of fly ash based SCC mixes increases significantly with increase in fly ash content. 
For fly ash contents above 10% in SCC mixes workability falls. The reduction in workability is 
attributed to flocculation/coagulation at low fly ash concentration and the increase in workability 
at high concentration is attributed to neutralization of positive charges on cement particles and 
their resultant dispersal. When super plasticizer is used as a dispersing agent, no fall in workability 
is observed. Loss of workability due to the present of Metakaolin (MK) can be compensated for 
by the incorporation of fly ash (FA). The degree of restoration of workability, provided by fly ash, 
is influenced significantly by the cement replacement level, the MK/FA ratio and the W/b ratio. 
The addition of metakaolin increases the viscosity of blended SCC mixtures. This inference is 
based on the results of T50 and V-funnel tests, which showed an increase in flow time with the 
increased percentage of metakaolin in blended SCC mixtures. The values of H2/H1 (L-box index) 
also indicates metakaolin better passing ability. 
As powder content is increasing, packing factor decreases which means that density has increased 
along with flow. Packing factor is more for lower grades and decreases for higher grades of SCC 
mixes. Packing factor more than 1.2 is not possible because flow properties cannot be met as per 
EFNARC specifications. Packing factor less than 1.1 is not practically possible because packing 
factor 1.0 means both tightly packed mass and loosely packed mass of aggregate are same which 
is not ideally true due to presence of air content in concrete. For the present study, packing factor 
considered during design of M20 SCC mix is 1.18, Packing factor for M40 PF is 1.12 and for M80 
and M100, Packing factor is taken as 1.10. 
Fly ash addition reduces heat of hydration and slows the strength attainment at early stages. To 
overcome this shortcoming, metakaolin is added to fly ash based SCC mixes to offset the delayed 
early strength attainment. Also incorporation of metakaolin (MK) to fly ash (FA) based SCC, 
enables to consume more amount of fly ash. With increased amount of pozzolanic content due to 
inclusion of metakaolin (MK) in fly ash (FA) based SCC in turn reduces w/p ratio resulting in the 
increase of strength and flow properties. 
Since metakaolin (MK) is cheaper than micro silica (MS), for same strength criteria, metakaolin 
(MK) blended fly ash (FA) based SCC is better in performance and economically viable than micro 
silica (MS) blended fly ash (FA) based SCC for all grades considered. 
Micro silica (MS) and metakaolin (MK) in blended fly ash (FA) based SCC mixes will increase 
the strength of concrete largely because it increases the strength of the bond between the cement 
paste and the aggregate particles. Addition of metakaolin (MK) to blended SCC mixes will 
enhance early hydration because of it high reactivity due to its glassy nature. The rate of pozzolanic 
reaction and calcium hydroxide (CH) consumption in metakaolin (MK) blended SCC mixes is 
higher than micro silica (MS) blended SCC mixes indicating high initial reactivity of metakaolin. 
Usage of metakaolin not only improves the workability but also makes the concrete microstructure 
denser. Thus with the inclusion of metakaolin in to SCC mixes, super plasticizer dosage can be 
reduced noticeably so is the costs involved. So water demand is less for metakaolin blended SCC 
mixes than micro silica (MS) blended SCC mixes. It can be quantified that strength improvement 
in the metakaolin based SCC mixes is due to changes in the structure of the interfacial zone and 
the increased paste-aggregate bond strength. Also the dissolved Ca2+, SiO4

4- and OH- ions readily 
in concrete combine with the metakaolin to give cementitious phases with a modified morphology. 
Strength loss in the early ages, which was proportional to the cement replacement level, was 
probably due to the dilution effect of the pozzolan and as well as the slow nature of the pozzolanic 
reaction.  
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5. STRENGTH PROPERTIES

The main objective of the present experimental investigations in this phase is to: (1) obtain specific 
experimental data, which helps to understand the strength characteristics of binary, ternary and 
quaternary blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength 
grade (M80 and M100) made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) and (2) 
assess the quality, integrity of micro structure of optimally blended binary, ternary and quaternary 
blended SCC mixes of various grades considered using Rebound hammer test and Ultrasonic pulse 
velocity measurements. The Self-Compacting Concrete mixes, after having checked for the 
satisfaction of the fresh properties of self-compacting specifications as per EFNARC [2002] was 
cast into cube moulds of size 150 mm x 150 mm, beam moulds of size 100mm x 100mm x 500 
mm and cylindrical moulds of 300 mm height x 150mm diameter. 

5.0 Compressive Strength  
Compressive strength of a material is defined as the value of uniaxial compressive stress reached 
when the material fails completely. In this investigation, the cube specimens of size 150 mm x 150 
mm x 150 mm are tested in accordance with IS: 516 – 1969 [Method of test for strength of 
concrete]. In the present investigation, the compressive strength test has been conducted on 
ordinary grade (M20) , standard grade (M40) and  high strength grade (M80 and M100) of binary 
,ternary and quaternary blended Self Compacting Concrete (SCC) mixes made with optimum 
proportions of  Fly Ash (FA), Microsilica (MS) and Metakaolin(MK) combination. 
This investigation is carried out to study the compressive strength of binary, ternary and quaternary 
blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 
and M100) made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) at 3,7,14,28, 60 and 
90 days.  
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Table 33 presents the compressive strength at various ages of curing for binary, ternary and 
quaternary blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength 
grade (M80 and M100) made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK). It can 
be observed that there is no much variation in strength at the stipulated age of curing, in all SCC 
mixes of various grades. Fig 7, 8, 9 and 10 and shows variation of compressive strengths of various 
grades of optimized SCC mixes at various ages of curing

Fig 7- Variation of compressive strengths of optimized M20 grade SCC mixes at various ages 
of curing
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Fig 8- Variation of compressive strengths of optimized M40 grade SCC mixes at various ages 
of curing

55



Fig 9- Variation of compressive strengths of optimized M80 grade SCC mixes at various ages 
of curing
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Fig 10- Variation of compressive strengths of optimized M100 grade SCC mixes at various 
ages of curing

In blended SCC mixes, fly ash (FA) based mixes are assumed to yield desired strength at 90 days 
where as for micro silica (MS) or metakaolin (MK) or combination based SCC mixes desired 
strengths at 28 days are considered for assessment.
Metakaolin (MK) blended SCC mixes attain much higher early strength when compared to other 
SCC mixes while fly ash (FA) based SCC mixes are accomplishing strengths at later age. 
Nowadays usage of fly ash (FA) in SCC has become almost mandatory because (1) it enhances 
fluidity of SCC and (2) it is major part of powder content. So Metakaolin (MK) and fly ash (FA) 
SCC blends derive both the benefits of fly ash (FA) and Metakaolin (MK) in concrete by attaining 
early and later strengths consistently. So the rate of gain of strength attainment is steady in 
Metakaolin (MK) and fly ash (FA) blended SCC mixes. Metakaolin (MK) based ternary blended 
SCC mixes exhibit better performance than Metakaolin (MK) based binary blended SCC mixes 
due to the synergic action of blended pozzolans. Metakaolin cementing reaction rate is very rapid, 
significantly increasing compressive strength before first three days, which can have various 
benefits in fast paced construction industry. 
Metakaolin (MK) blended SCC mixes is preferable for ordinary grade (M20) and standard grade 
(M40) whereas micro silica (MS) is preferred for higher grade (M80 and M100) SCC mixes. Use 
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of micro silica (MS) in high strength grade (M80 and M100) also acts as a micro-filler in making 
the concrete dense. Therefore it is established that micro silica (MS) is required for the 
development of high strength concrete. But metakaolin (MK) being less expensive and give better 
flow ability than micro silica (MS) is much preferred for the development of ordinary (M20) and 
standard grade (M40) SCC mixes. Use of metakaolin accelerated the initial set time of concrete; 
however the final set time remained unchanged. This was caused mainly by the higher reactivity 
of the blended binder with metakaolin. Due to following drawbacks, micro silica (MS) is not 
advisable for normal grades (M20 and M40): 

(1) Increases water demand
(2) Expensive
(3) Presence of Cl-

The addition of micro silica (MS) or metakaolin (MK) is advantageous in SCC mixes because in 
general, the strength at the transition zone between cement paste and coarse aggregate particles is 
lower than that of the bulk cement paste. The transition zone contains more voids because of the 
accumulation of bleed water underneath the aggregate particles and the difficulty of packing solid 
particles near a surface. Relatively more calcium hydroxide (CH) forms in this region than 
elsewhere. Without micro silica (MS) or metakaolin (MK), the calcium hydroxide (CH) crystals 
grow large and tend to be strongly oriented parallel to the aggregate particle surface. CH is weaker 
than calcium silicate hydrate (C-S-H), and when the crystals are large and strongly oriented parallel 
to the aggregate surface, they are easily cleaved. A weak transition zone results from the 
combination of high void content and large, strongly oriented CH crystals. Micro silica (MS) and 
metakaolin (MK) in blended SCC mixes will increase the strength of concrete largely because it 
increases the strength of the bond between the cement paste and the aggregate particles. The 
presence of micro silica (MS) and metakaolin (MK) in fresh SCC mix generally results in reduced 
bleeding and greater cohesiveness.  
Metakaolin (MK) may be better alternative to micro silica (MS) especially in normal grades but in 
higher grades of SCC, its combination with micro silica (MS) will yield better performance.  
Metakaolin (MK) is highly reactive alumino silicate whereas micro silica (MS) is reactive silicate 
so Metakaolin (MK) supplemented SCC mixes have high strengths because silica and alumina 
present in Metakaolin (MK) reacts with CH forms CSH (pozzolanic reaction) and CAH (aluminate 
hydration) respectively which contributes to additional strength than micro silica (MS). Fe2O3 in 
more in Metakaolin (MK) leading to high enhancement of strength in the blended SCC mixes due 
to the rapid consuming of Ca(OH)2 which was formed during hydration of Portland cement 
specially at early ages related to the high reactivity of Fe2O3 particles. As a consequence, the 
hydration of cement is accelerated and larger volumes of reaction products are formed. Also Fe2O3 
particles recover the particle packing density of the blended cement, directing to a reduced volume 
of larger pores in the cement paste.  
Micro silica (MS) beyond 15% and Metakaolin (MK) beyond 20-25% should not exceed to 
preserve residual free CH in the paste to maintain pH of pore solution. High dosages of Metakaolin 
(MK) or micro silica (MS) in SCC mixes may lead to lower C/S ratio of the CSH gel formed from 
pozzolanic reaction resulting in high shrinkage of the formed gel. 
Metakaolin (MK) blended fresh SCC mixes will set relatively quickly due Metakaolin (MK) when 
compared to micro silica (MS) has similar particle density and surface area but different 
morphology and surface chemistry.  
Cement average size is 100 times larger than micro silica (MS) while Metakaolin (MK) average 
size is 20 to 30 times larger than micro silica (MS) so in Metakaolin (MK) + micro silica (MS) 
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blended FA based quaternary SCC mix, coarser pores in fly ash (FA) based SCC can be reduced 
by inclusion of Metakaolin (MK) and finer pores are filled up by micro silica (MS). So quaternary 
blended SCC mix made with micro silica (MS) and Metakaolin (MK) has improved microstructure 
which is dense and impermeable. Metakaolin (MK) blended SCC mixes improves workability, 
finishability, reduces surface dehydration and plastic cracking.  Since Metakaolin (MK) does not 
increase the compressive strength of cement paste directly, it is concluded that strength 
improvement in the concrete is due to changes in the structure of the interfacial zone and the 
increased paste-aggregate bond strength. For the same reasons, Metakaolin (MK) has a beneficial 
effect on flexural strength, although the magnitude of the effect is less than that observed for 
compressive strength.  
The cost of metakaolin is about three times the cost of ordinary Portland cement, thus using 
metakaolin alone as a supplementary cementitious material (SCM) may not be cost effective. On 
the other hand, the slow reaction rate of fly ash can make its use impractical when rapid early 
strength development is required. However, use of these materials in combination has the potential 
to overcome the higher cost associated with metakaolin concrete and the slower strength 
development associated with fly ash concrete. 
 
5.1 Split-tensile Strength 
The test was carried out on a cylindrical specimen of diameter 150 mm and 300 mm long as per 
IS: 5816 – 1999. In the present investigation, the split tensile strength test has been conducted on 
ordinary grade (M20), standard grade (M40) and high strength grade (M80 and M100) of binary, 
ternary and quaternary blended Self-Compacting Concrete (SCC) mixes made with optimum 
proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin(MK) combination. 
This investigation is carried out to study the split-tensile strength of binary, ternary and quaternary 
blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 
and M100) made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) at 3,7,14,28, 60 and 
90 days.  
The results of the split-tensile strengths are tabulated in Table 34. Splitting tensile strengths of 
Metakaolin (MK) blended SCC mixes showed relatively the same trend with compressive 
strengths. With the addition of metakaolin, the ITZ becomes denser, pore structure in blended SCC 
mix is optimized and pore size distribution is more reasonable. Metakaolin (MK) replaces CH in 
the interfacial zone by new cementitious phases and this improves the adhesive strength (bonding) 
between paste and aggregate. In blended SCC mixes, this can significantly improve the both 
compressive and tensile strengths. Increase of tensile strength is higher than compressive strength 
in Metakaolin (MK) blended SCC mixes. Metakaolin (MK) has no beneficial effect on 
compressive strength of cement paste. However, Metakaolin (MK) replaces CH in the interfacial 
zone by new cementitious phases and this improves the adhesive strength (bonding) between paste 
and aggregate. In concrete, this can significantly improve the compressive and tensile strengths. 
Fig 11 shows variation of split tensile strengths of optimized SCC mixes at various grades. 
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Fig 11- Variation of split tensile strengths of optimized SCC mixes at various grades

5.2 Flexural Strength
Standard beam test (Modulus of rupture) was carried out on the beams of size 100 mm x 100 mm 
x 500 mm as per IS: 516 [Method of test for strength of concrete]. In the present investigation, the 
flexural strength test has been conducted on ordinary grade (M20) , standard grade (M40) and  
high strength grade (M80 and M100) of binary, ternary and quaternary blended Self Compacting 
Concrete (SCC) mixes made with Fly Ash (FA), Microsilica (MS) and Metakaolin(MK).
This investigation is carried out to study the flexural strength of binary, ternary and quaternary 
blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 
and M100) made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) at 3,7,14,28, 60 and 
90 days. The results of the flexural strengths are tabulated in Table 35.
Pozzolans improves pore structure giving better bonding at transition zone. So, the increase in 
flexural strength is due to increase of the bond strength at the interfacial zone. Fig 12 shows 
variation of flexural strengths of optimized SCC mixes at various grades. It was observed that 
metakaolin blended SCC mixes show improved flexural resistance due to dense pore structure and 
improved ductile behaviour.
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Fig 12- Variation of flexural strengths of optimized SCC mixes at various grades

5.3 Impact Strength 
In the present investigation, Impact strength test has been conducted on the beams of size 100 mm 
x 100 mm x 500 mm of ordinary grade (M20), standard grade (M40) and high strength grade (M80 
and M100) of binary, ternary and quaternary blended self-compacting concrete (SCC) mixes made 
with optimum proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin(MK) combination. 
The load is applied as an impact blow from a swinging weighted pendulum hammer that is released 
from a raised position of 20° with the vertical. The specimen is firmly positioned at the base as 
shown in Fig 13. The blows were repeated in above manner till first crack appears. The crack 
propagation for each blow after first crack was marked on the specimen. The number of blows 
required for the crack propagation from one edge to other on the tension face was recorded. The 
experiment was continued till the spalling of mortar occurs on the compression face of the 
specimen. The impact strength is expressed in terms of number of blows required to break the 
specimen. Energy consumed for first crack, Energy consumed for ultimate failure and ductility 
index are evaluated for each SCC mix.
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Fig. 13 - Impact test setup 
This investigation is carried out to study the impact strength of binary, ternary and quaternary 
blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 
and M100) made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) at 3,7,14,28, 60 and 
90 days. Impact strength is evaluated in terms of (1) number of blows taken for first crack and for 
ultimate failure, (2)   energy consumed in joules for first crack and for ultimate failure and (3) in 
terms of ductility index. The results of the impact strength are tabulated in Table 36. 

Calculation of Energy for a blow  
The load is applied as an impact blow from a swinging weighted pendulum hammer that is released 
from a raised position of 20° with the vertical. The blows were repeated in above manner till first 
crack appears. The crack propagation for each blow after first crack was marked on the specimen. 
The number of blows required for the crack propagation from one edge to other on the tension face 
was recorded. The experiment was continued till the spalling of mortar occurs on the compression 
face of the specimen. The impact strength is expressed in terms of number of blows required to 
break the specimen. 
Mass of the pendulum hammer =10 kg; g=9.8 m/sec2  
L=length of pendulum= 1.83 m; h=L(1-cos ) where =20° 
Energy for one blow, E = mgh = 10*9.8*0.11= 10.78 Joule 
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So it can be observed that there is a significant improvement in number of blows for first crack and 
ultimate failure for quaternary blended SCC mixes made with metakaolin for all grades considered 
because in the quaternary blended SCC mixes the resilience and strain relieving capacity of SCC 
has increased than ternary and binary blended SSCC mixes made with metakaolin. This resilient 
character provides the excellent impact resistance and dissipates dynamic loading. The increase in 
number of blows up to failure for metakaolin based quaternary blended SCC indicates its high 
energy absorption capacity which in turn enhances the increased impact resistance. 
From the above experimental investigation it can be concluded that there is an increase in impact 
resistance in metakaolin (MK) blended SCC mixes for all grades at all ages considered. The impact 
strength increase is due to increase in resilience and strain relieving capacity of metakaolin (MK) 
blended SCC which imparts excellent impact resistance and energy dissipation capacity. This 
feature is attributed to the dense pore structure of metakaolin (MK) blended SCC. 
Fig 14 shows number of blows required for first crack and ultimate failure crack of optimized 
blended SCC mixes of various grades. 
Fig 15 shows ductility Indices for optimized blended SCC mixes of various grades. 
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Fig 14- Variation of number of blows required for first crack and ultimate failure crack of 
optimized SCC mixes of various grades
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Fig 15- Ductility Indices for optimized SCC mixes of various grades

68



6. NON-DESTRUCTIVE EVALUATION

The main objective of the present experimental investigations is to assess the quality, structural 
integrity and compressive strength using Rebound hammer test and Ultrasonic pulse velocity 
measurements for ordinary grade (M20), standard grade (M40) and high strength grade (M80 and 
M100) of binary, ternary and quaternary blended Self-Compacting Concrete (SCC) mixes made 
with optimum proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) combination. 
The Rebound Hammer Test is conducted as per IS: 13311 (Part 2) – 1992 on various grades of 
SCC cubes of size 150x150x150mm. This test mainly evaluates the quality of surface hardness 
based on the rebound numbers obtained. Ultrasonic Pulse Velocity Test is conducted as per IS: 
13311 (Part 1) – 1992 on various grades of SCC cubes of size 150x150x150mm. This test 
qualitatively assesses the density, homogeneity, integrity and elastic properties of concrete. To 
make a more realistic assessment of the quality and integrity of concrete, a prudent approach is 
suggested by combining the results of ultrasonic pulse velocity and rebound hammer tests. 

Table 37- Quality of concrete based on Average Rebound Hammer 
as per IS: 13311 (Part 2) – 1992 

Average rebound number Quality of concrete 

> 40 Very good hard layer 

30 to 40 Good layer 

20 to 30 Fair 

< 20 Poor 

Table 38- Concrete Quality based on USPV as per 
IS: 13311 (Part 1) – 1992 

Pulse velocity Concrete quality 

>4.5 km/s Excellent 
3.5 – 4.5 km/s Good  
3.0 – 3.5 km/s Medium 

<3.0 km/s Doubtful 

The Rebound Hammer Test is conducted as per IS: 13311 (Part 2) – 1992 to evaluate the quality 
of surface hardness based on the rebound numbers obtained. Ultrasonic Pulse Velocity Test is 
conducted as per IS: 13311 (Part 1) – 1992 to qualitatively assesses the homogeneity and integrity 
of concrete. This test also determined the elastic properties of the concrete. To make a more 
realistic assessment of the quality and integrity of concrete, a prudent approach of combined use 
of Non–destructive tests i.e. ultrasonic pulse velocity and rebound hammer tests were used. 
Mean rebound values and mean ultrasonic pulse velocities (USPV) are measured to understand the 
quality, integrity and strength of metakaolin (MK) blended binary, ternary and quaternary SCC 
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mixes. The Table 39 lists the mean rebound values, mean pulse velocity values of various grades 
of optimally blended SCC mixes, along with their estimated compressive strengths. 
It is observed the ultrasonic pulse velocity and rebound number values increased due to refined 
pore structure and microstructure of binary, ternary and quaternary blended SCC mixes. Since the 
rebound index is indicative of hardness of concrete up to a limited depth from the surface hence 
the internal cracks, flaws etc. or heterogeneity across the cross section will not be indicated by 
rebound numbers. So the ultrasonic pulse velocity measurements are obtained so that concrete 
density and modulus of elasticity can be understood. In order to assess particle continuity inside 
the concrete specimen, USPV test is performed on various grades of blended SCC mixes. 
Therefore combined Rebound hammer and Ultrasonic Pulse Velocity measurement were used to 
assess the quality and strength of the blended SCC mixes.  
It can be concluded that for all optimally blended metakaolin (MK) based SCC mixes rebound 
numbers indicate the superior surface hardness and also the USPV measurements were greater 
than 4.5km/sec which denotes that metakaolin (MK) based blended SCC mixes are classified as 
excellent concretes in terms of strength and durability point of view due to improved pore structure 
of concrete. 
Fig 16 and Fig 17 shows Rebound numbers and USPV values for optimized blended SCC mixes 
of various grades. 
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Fig 16- Rebound numbers for optimized SCC mixes of various grades

Fig 17- USPV values for optimized SCC mixes of various grades
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7. STRESS-STRAIN BEHAVIOR

The aim of this study is to determine the stress-strain behavior of ordinary grade (M20) , standard 
grade (M40) and  high strength grade (M80 and M100) of binary, ternary and quaternary blended 
Self-Compacting Concrete (SCC) mixes made with optimum proportions of Fly Ash (FA), 
Microsilica (MS) and Metakaolin (MK) combination. Cylinders of standard size 150 x 300 mm 
are cast for various grades of SCC mixes and tested in uni-axial compression under strain control 
as per IS: 516-1999 to understand the stress-strain behavior. The test setup for stress-strain 
measurements is shown in Fig 18. 

Fig 18- Test setup for stress-strain measurements 
Peak stress values and their corresponding strains of optimally blended binary, ternary and 
quaternary blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength 
grade (M80 and M100) are presented in Table 40 -43. 
Metakaolin (MK) blended SCC mixes has shown improved stress values for the same strain levels 
compared to that of other non- metakaolin (MK) blended SCC mixes.  

7.0 Modulus of Elasticity 
The relationship between stress and strain is important in understanding the basic elastic behavior 
of blended SCC mixes in hardened state. From the plotted Stress-Strain curves, modulus of 
elasticity and modulus of toughness for optimally blended binary, ternary and quaternary blended 
SCC mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 and 
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M100) can be calculated. Modulus of elasticity will indicate the elastic behaviour of the material 
whereas toughness gives the ability of a material to counteract crack propagation by dissipating 
deformation energy. Modulus of elasticity can be evaluated from the slope of the stress-strain curve 
whereas toughness (amount of energy absorbed by the specimen under loading) can be determined 
by measuring the area (i.e., by taking the integral) underneath the stress-strain curve. Modulus of 
toughness is the energy needed to completely fracture the material (the total area up to fracture).  
Secant Modulus of Elasticity values of optimally blended binary, ternary and quaternary blended 
SCC mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 and 
M100) are shown in Table 44 and Fig 23. The average value of area under stress-strain diagram 
for different grades of optimally blended SCC mixes are computed to evaluate energy absorption 
capacity. Toughness or energy absorption capacity of different grades of optimally blended SCC 
mixes has shown an increase of 10-20%. Materials showing good impact resistance are generally 
those with high moduli of toughness. It was observed that Modulus of Elasticity (E) is relatively 
more for all grades of optimally blended MK based SCC mixes by about 12-20%.  
It can be concluded that toughness or energy absorption capacity of optimally blended SCC mixes 
of various grades are more due to its enhanced ability to counteract crack propagation by 
dissipating deformation energy. High toughness in optimally blended SCC mixes signify its 
improved shock resistance. It is observed that modulus of elasticity (E) is relatively more for all 
grades of optimally blended SCC mixes in which metakaolin (MK) is induced indicating its 
enhanced performance due to dense microstructure of optimally blended metakaolin (MK) based 
SCC mixes.  
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Fig 19 - Stress - Strain curve for ordinary grade M20 blended SCC mixes 
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Fig 20 - Stress - Strain curve for standard grade M40 blended SCC mixes 
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Fig 21 - Stress - Strain curve for high grade M80 blended SCC mixes 

Fig 22- Stress - Strain curve for high grade M100 blended SCC mixes 
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Table 43:  Peak stress values and their corresponding strains of blended SCC mixes made 
with river sand 

Grade of 
SCC Mix Mix No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Peak  
Stress 

fo 
(MPa) 

Corresponding strain at 
peak stress 

o  

M20 

C1 C100 25.18 0.0020 
B2 C50+FA50 32.24 0.0021 
B7 C80+MS20 29.03 0.0022 
B13 C75+MK25 33.77 0.0022 
T3 C35+FA50+MS15 32.81 0.0022 
T15 C25+FA60+MK15 36.87 0.0021 

M40 

C1 C100 48.18 0.0021 
B1 C60+FA40 56.78 0.0022 
B5 C85+MS15 51.99 0.0021 
B10 C80+MK20 53.73 0.0023 
T5 C50+FA40+MS10 59.87 0.0021 
T9 C35+FA50+MK15 59.92 0.0022 

M80 
B2 C95+MS5 88.56 0.0022 
T3 C65+FA20+MS15 94.51 0.0022 

Q11 C50+FA28+MS11+MK11 97.16 0.0021 

M100 
B2 C90+MS10 106.00 0.0022 
T2 C71+FA19+MS10 111.80 0.0022 

Q11 C55+FA23+MS11+MK11 113.80 0.0022 
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Table 44:  Modulus of Elasticity ‘Ec’ blended SCC mixes 
made with river sand 

Grade of SCC 
Mix 

Mix  
No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Secant  
Modulus Of Elasticity 

(MPa) 
Ec

M20 

C1 C100 21886
B2 C50+FA50 21111
B7 C80+MS20 22150
B13 C75+MK25 20288
T3 C35+FA50+MS15 21300
T15 C25+FA60+MK15 24775

M40 

C1 C100 31171
B1 C60+FA40 33033
B5 C85+MS15 32357
B10 C80+MK20 35640
T5 C50+FA40+MS10 37640
T9 C35+FA50+MK15 40960

M80 
B2 C95+MS5 44811
T3 C65+FA20+MS15 46750

Q11 C50+FA28+MS11+MK11 50183

M100 
B2 C90+MS10 51563
T2 C71+FA19+MS10 51611

Q11 C55+FA23+MS11+MK11 56486
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Fig 23- Modulus of Elasticity for optimized SCC mixes of various grades

The metakaolin inclusion generally improves accelerating Early Strength development, 
compressive strength, tensile strength, flexural strength, impact strength, stress-strain behaviour 
and modulus of elasticity. The quantum of increase in the individual properties depends upon 
replacement level. Metakaolin addition will produce accelerated strength gain in the early stages 
of curing, suggesting acceleration of OPC hydration.
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8. CEMENTING EFFICIENCY FACTORS

The present work is an effort to quantify the cementitious efficiency of optimum proportions of 
Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) combination in binary, ternary and 
quaternary blended Self-Compacting Concrete (SCC) systems of ordinary grade (M20) , standard 
grade (M40) and  high strength grade (M80 and M100). The effect of synergic action of metakaolin 
(MK), microsilica (MS) and fly ash (FA) combination on the strengths of binary, ternary and 
quaternary blended SCC may be modelled by using a Cementing Efficiency Factor (k). The 
Cementing Efficiency Factor is defined as the ratio of the cementing efficiency of blended SCC to 
the cementing efficiency of the reference SCC. It was observed that this overall strength efficiency 
of blended SCC was found to be a combination of efficiency factor ‘ka’ depending on the age and 
efficiency factor ‘kp’ depending upon the percentage of SCM replacement. This evaluation makes 
it possible to design blended SCC for a desired strength at any given percentage of replacement. 

k=ka+kp
k= overall strength efficiency factor ; ka= efficiency factor depending on age 
kp= efficiency factor depending on percentage of replacement 

So it is felt that cementing efficiency concept can be used to understand the behavior of blended 
SCC to reference SCC. 
A number of empirical expressions are frequently used to describe or predict the strength of normal 
hardened cement paste. The more well-known expression of Bolomey’s relates strength and 
water/cement ratio. This Bolomey’s empirical expression frequently used to predict the strength 
of concrete is theoretically well justifies when applied to hardened SCC. Strength data from 
experiments on normal hardened cement paste are frequently reported in the literature to be well 
fitted by Bolomey’s empirical expression. The concept of efficiency can be used for comparing 
the relative performance of SCMs when incorporated into SCC. Efficiency factors found from 
Bolomey’s strength equation are used to describe the effect of the SCMs combination replacement 
in SCC in the enhancement of strength and durability characteristics. This factor will give only an 
indication of the added materials’ effect on concrete strength, since it does no distinguish between 
filler effect and chemical reactions. The well-known Bolomey’s equation often used to relate 
strength and water/cement ratio is: 

S = A [(C/W)] + B ------ (1) 

S is the compressive strength in MPa, C is the cement content in kg /m3,  
W is the water content in kg/m3  
A and B are Bolomey’s coefficients /or constants 
Equation (1) has been shown to practically reduce to following two equations 

S = A [(C/W) – 0.5]...... (2) 
S = A [(C/W) + 0.5]......  (3) 

From these above two normalized equations which represent two ranges of concrete strengths 
based on the change in slope when P/W (powder-water ratio) is plotted against strength. However, 
it is found that the equation (2) is useful for most of the present-day concretes when an analysis 
was done on test results available and also the extensive data published by Larrard also mentions 
this equation in his famous book, on 'Concrete Mix Proportioning – A scientific approach’. 
Therefore, equation (2) can be generally used for re-proportioning MK+MS+FA SCC. The value 
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of constant ‘A’ can be found out for the given concrete ingredients, by considering a concrete mix 
of any w/c ratio. 
For structural concrete, Equation (1) can be simplified as 

S = A [(C/W) – 0.5] -------- (4) 
A strength efficiency factor, k, can then be computed using modified Bolomey’s equation 

S = A [(C+ kP)/W) – 0.5] --------- (5) 
Where S is the compressive strength in MPa, 

C is the OPC content in kg / m3, P is the amount of SCMs replaced bwc. 
W is the water content in kg/m3 and k denotes efficiency factor of SCMs combination 

By knowing the amounts of ‘C’, ‘P’, ‘W’ and the strength ‘S’ achieved for each SCMs dosage 
replacement, efficiency factor “k” has been computed for each of the replacement dosages. Thus, 
W/(C+ kP) is the water/effective powder ratio and kP is the equivalent cement content of SCMs 
combination. ‘SCMs /OPC ratio’ is an important factor for determining the efficiency of SCMs in 
SCC. So SCMs proportioning is arrived at based on the strength data experiments on SCMs 
blended SCC Mixes. Efficiency factors found from this strength equation are used to describe the 
effect of the SCMs replacement. This factor describes the mineral admixture’s ability to act as 
cementing material recognizing that mineral admixture’s contribution to concrete strength which 
comes mainly from its ability to react with free calcium hydroxide produced during cement 
hydration (Pozzolanic Reaction (PR)). 
This phase is part of wider study on the behavior of synergic action of SCMs such as Fly Ash (FA), 
Microsilica (MS) and Metakaolin (MK) in SCC mixes for various grades when replaced on a one-
to-one basis by weight, in binary, ternary and quaternary blended SCC mixes. When the 
performance of blended SCC mixes are analyzed, it was observed that this overall strength 
efficiency of mineral admixture blends in SCC was found to be a combination of two factors: (1) 
general efficiency factor, depending on the age of concrete and (2) a percentage efficiency factor, 
depending upon the percentage of replacement of mineral admixture. This evaluation makes it 
possible to design blended SCC mixes for a desired strength at any given percentage of 
replacement. The scope of this part of research was to determine the strength efficiency of 
optimally blended binary, ternary and quaternary SCC mixes of ordinary grade (M20), standard 
grade (M40) and high strength grade (M80 and M100) made with Fly Ash (FA), Microsilica (MS) 
and Metakaolin (MK) in terms of efficiency factor ‘k’. Table 45 shows Bolomey’s Coefficients 
(A) for various grades of SCC mixes calculated using Bolomey equation. Then Efficiency factors
for optimally blended binary, ternary and quaternary SCC mixes of ordinary grade (M20), standard
grade (M40) and high strength grade (M80 and M100) were then determined using same bolomey
equation. Bolomey’s coefficients are calculated from the reference mixes.

Table 45 - Bolomey’s Coefficients (A) for various grades of SCC mixes 

Grade of SCC 
Mix 

Bolomey’s Coefficients (A) 
3 

days 
7 

days 
14 

days 
28 

days 
60 

days 
90 

days 
M20 5.93 9.63 11.86 14.82 14.91 16.29 
M40 8.59 14.06 16.76 20.33 21.17 22.40 
M80 9.60 15.59 21.32 23.99 24.71 25.24 
M100 10.41 16.27 22.77 26.21 26.65 26.97 
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Table 46 presents efficiency factors for various grades of optimally blended binary, ternary and 
quaternary SCC mixes of ordinary grade (M20), standard grade (M40) and high strength grade 
(M80 and M100) at different ages of curing. Table 47 presents efficiency factors for optimally 
blended SCC mixes at specified age of curing where desired strength was projected to achieve. 
The efficiency factor (or k-factor) is defined as the part of the SCM in a pozzolanic concrete which 
can be considered as equivalent to Portland cement, having the same properties as 
the concrete without SCM (k= 1 for Portland cement) which means that 1 kg of cement can be 
replaced with k-factor of SCM or SCMs combination (optimal). 
The contribution of metakaolin (MK) to any property of hardened concrete may be expressed in 
terms of efficiency factor, k. For this new material to be generally accepted by the building 
industry, a good durability must be proven also in quantitative terms. Therefore, a big challenge 
for researchers within this field is to determine the strength efficiency of metakaolin (MK) in 
binary, ternary and quaternary blended SCC mixes.  
Compressive strengths are achieved early in metakaolin based binary and ternary blended SCC of 
all grades than in microsilica based binary and ternary blended SCC. Due to synergy effect, the 
interaction of two or more admixtures is so that their combined effect is greater than the sum of 
their individual effects. In the other words, for reflecting synergic effect, the efficiency factor of 
Metakaolin, microsilica and fly ash combination should be higher in ternary blended SCC than in 
binary blended SCC system. For calculating the efficiency of Metakaolin, microsilica and fly ash 
combination in binary and ternary blended SCC, an equation has been proposed by author based 
on the principle of Bolomey’s equation for predicting the strength of concrete containing mineral 
admixtures. The efficiency factors evaluated can be used for proportioning of blended SCC.  For 
compressive strength of metakaolin (MK based SCC mixes , k is in the range of 1.08 to 1.69, 
which means that in a given SCC mix, 1 kg of MK based pozzolanic material may replace 1.08 to 
1.69 kg of cement without impairing the compressive strength. This may be valid, provided that 
the water content is kept constant. Bolomey’s coefficients ‘A’ are calculated from the control 
mixes. Using computed ‘A’ value, calculate strength efficiency factors k at all ages for all 
percentage replacement levels of metakaolin (MK) and fly ash (FA) combination in SCC. 

It is observed from efficiency factor is 1.69 for C75+MK25 and1.32 for C25+FA60+MK15 
ordinary grade M20 SCC mixes. For Standard grade M40 SCC mixes, k is 1.48 for C80+MK20 
and 1.08 for C35+FA50+MK15 combinations. Metakaolin (MK) and fly ash (FA) blended SCC 
mix is found to be more efficient because of high usage of waste by-product FA and high reduction 
of cement content. This study is carried out to understand the cementing efficiency of Metakaolin 
(MK) in binary, ternary and quaternary blended SCC mixes at 3,7, 14,28, 60 and 90 days. This 
evaluation makes it possible to design binary, ternary and quaternary blended SCC for a desired 
strength at any given percentage of replacement. The strength efficiency factor ‘k’ is evaluated for 
three cases in quaternary blended SCC mixes: (1) micro silica (MS) is singly blended in SCC, (2) 
micro silica (MS) is blended with fly ash (FA) in SCC and (3) Metakaolin (MK) is blended with 
micro silica (MS) and fly ash (FA) SCC mix. 
 It can be observed that efficiency factors for binary (Mix B2), ternary (Mix T3) and quaternary 
(Mix Q11) blended high strength (M80) SCC mixes are 1.00, 1.04 and 1.08 respectively. All the 
three M80 grade SCC mixes give similar strength and satisfy EFNARC specifications. The 
efficiency factor for quaternary (C50+FA28+MS11+MK11) blended high strength SCC mixes is 
1.08 which means that 1 kg of cement can be replaced with 1.08 kg of FA+MS+MK pozzolanic 
mixture. Efficiency factor for quaternary blended SCC mix reveals that for similar strength, 50% 
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of  cement can be replaced with FA28%+MS11%+MK11% combination of pozzolanic mixture. 
Similar observations are made in blended high strength (M100) SCC mixes.  
The computed efficiency factors may be incorporated in the design of a blended concrete mixture, 
a method known as rational proportioning. The k value can be used to transform a certain amount 
of pozzolan to an equivalent amount of cement in terms of strength contribution; hence, it can be 
used as a basis for a more efficient proportioning of blended SCC mixes. 
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9. STATISTICAL MODELLING

9.0 Correlation equations 
The empirical expressions for various parameters such as split tension, flexural strength, water-
powder ratio, quantity of powder and modulus of elasticity in terms of compressive strength, useful 
for proportioning the mixes, were derived based on regression analysis and presented in the 
following paragraphs. The parameter, compressive strength at 28 days is considered as reference 
value for SCC mixes without fly ash and equivalent compressive strength at 90 days is taken as 
the reference value for SCC mixes with fly ash. The theoretical values obtained from the empirical 
expressions were compared with the experimental values. The strength and reliability of such 
derived empirical expressions is expressed in terms of coefficient of correlation and Average 
Absolute Relative Error (AARE) between the experimental values and the values obtained by the 
thus derived empirical expressions. 

Empirical expression for parameter ‘p’ in terms of compressive strength (fc) 
Assuming the exponential relationship between the parameter ‘p’ and compressive strength (fc), 

p = k1 (fc)k2   .............1  
In which k1 and k2 are constants to be solved for using the normal equations in statistics.  
Taking log on both sides of Eq.5.1  
logp = logk1 + k2 logfc               ............2  
The normal equations (NE’S) would be,  

logp = Ns logk1 + k2 logfc              ..........3  
(logfc logp) = logk1 logfc + k2 (logfc)2            ..........4 

Ns is the sample size 
Solving the above NE’S, we get 
k2 = [ logfc logp  - Ns (logfc logp)]/[ ( logfc)2 - Ns (logfc)2] ……..5 
and 
logk1= [ logp - k2 logfc]/ Ns 
or 
k1= log-1[ [ logp - k2 logfc]/ Ns]  ………6 
After obtaining  k1 and k2 , 
Substituting the values of k1 and k2 in Eq.1 we get the proposed empirical expression for p 
(Theoretical) in terms of fc for various grades of blended SCC mixes 
%  (percentage deviation) is equal to [(p - p*)/ p]*100 
The coefficient of correlation between expected values (p) and the corresponding probable values 
(p*) is  
rcc = [ (p- avg.p)( p*-avg.p*)]/ [ (p- avg.p)2 * (p*-avg.p*)2]  
The Average Absolute Relative Error (AARE) is also computed.  
This phase presents the empirical expressions for various parameters (p) such as split tensile 
strength, flexural strength, water-powder ratio, quantity of powder and modulus of elasticity in 
terms of specified compressive strength. The compressive strength value at 28 days is considered 
as reference value for SCC mixes without fly ash and compressive strength value at 90 days is 
taken as the reference value for SCC mixes with fly ash. The strength and reliability of such derived 
empirical expressions is expressed in terms of coefficient of correlation and Average Absolute 
Relative Error (AARE) between the experimental values and the values obtained by the thus 
derived empirical expressions.  
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9.1 Relation between Split tensile Strength (ft) and Compressive Strength (fc)  
Assuming the exponential relationship between the split tensile strength (ft) and compressive 
strength (fc),  

ft = k1 (fc)k2     .............1  
In which k1 and k2 are constants to be solved for using the normal equations in statistics.  
Taking log on both sides of Eq.5.1  
logft = logk1 + k2 logfc                ............2  
The normal equations (NE’S) would be,  

logft = Ns logk1 + k2 logfc       ..........3  
(logfc logft) = logk1 logfc + k2 (logfc)2 ..........4 

Ns is the sample size 
Solving the above NE’S, we get 
k2 = [ logfc logft  - Ns (logfc logft)]/[ ( logfc)2 - Ns (logfc)2]      ……..5 
and 
logk1= [ logft - k2 logfc]/ Ns 
or 
k1= log-1[ [ logft - k2 logfc]/ Ns] ………6 

Table 48 - Empirical expression for ft in terms of fc    

Grade 
of SCC 

Mix 

Mix 
No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Split 
Tensile 
Strength 

ft (N/mm2) 

Compressive 
Strength 

fc (N/mm2) 
Y=logft X=logfc XY X2 

M20 

C1 C100 2.52 25.18 0.40 1.40 0.56 1.96
B2 C50+FA50 3.22 32.24 0.51 1.51 0.77 2.28
B7 C80+MS20 2.90 29.03 0.46 1.46 0.67 2.13

B13 C75+MK25 3.08 30.77 0.49 1.49 0.73 2.22
T3 C35+FA50+MS15 3.28 32.81 0.52 1.52 0.79 2.31 

T15 C25+FA60+MK15 3.69 36.87 0.57 1.57 0.89 2.46 

M40 

C1 C100 4.82 48.18 0.68 1.68 1.14 2.82
B1 C60+FA40 5.68 56.78 0.75 1.75 1.31 3.06
B5 C85+MS15 5.20 51.99 0.72 1.72 1.24 2.96

B10 C80+MK20 5.37 53.73 0.73 1.73 1.26 2.99
T5 C50+FA40+MS10 5.99 59.87 0.78 1.78 1.39 3.17 
T9 C35+FA50+MK15 5.99 59.92 0.78 1.78 1.39 3.17 

M80 
B2 C95+MS5 8.86 88.56 0.95 1.95 1.85 3.80
T3 C65+FA20+MS15 9.45 94.51 0.98 1.98 1.94 3.92 

Q11 C50+FA28+MS11+MK11 8.53 97.16 0.93 1.99 1.85 3.96 

M100 
B2 C90+MS10 10.60 106.04 1.03 2.03 2.09 4.12
T2 C71+FA19+MS10 11.18 111.83 1.05 2.05 2.15 4.20 

Q11 C55+FA23+MS11+MK11 11.33 113.28 1.05 2.05 2.15 4.20 
N=18  13.38 31.44 24.19 55.75 
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Table 49 - Coefficient of correlation for ft

Grade of 
SCC Mix Mix No Experimental 

ft(N/mm2) 
Theoretical 
ft*(N/mm2) 

X= 
ft- avg.ft 

Y= 
ft

*-avg.ft
* 

X2 Y2 XY %  

M20 

C1 2.52 2.60 -3.55 -3.74 12.60 14.01 13.29 -3.04
B2 3.22 3.31 -2.85 -3.03 8.12 9.19 8.64 -2.75
B7 2.90 2.99 -3.17 -3.35 10.05 11.25 10.63 -2.94
B13 3.08 3.16 -2.99 -3.18 8.94 10.11 9.51 -2.61
T3 3.28 3.37 -2.79 -2.97 7.78 8.85 8.30 -2.61
T15 3.69 3.77 -2.38 -2.57 5.66 6.59 6.11 -2.26

M40 

C1 4.82 4.90 -1.25 -1.44 1.56 2.06 1.79 -1.75
B1 5.68 5.76 -0.39 -0.58 0.15 0.34 0.23 -1.43
B5 5.20 5.28 -0.87 -1.06 0.76 1.11 0.92 -1.62
B10 5.37 5.46 -0.7 -0.88 0.49 0.78 0.62 -1.63
T5 5.99 6.07 -0.08 -0.27 0.01 0.07 0.02 -1.31
T9 5.99 6.07 -0.08 -0.27 0.01 0.07 0.02 -1.39

M80 
B2 8.86 8.91 2.79 2.57 7.78 6.58 7.16 -0.52
T3 9.45 9.49 3.38 3.15 11.42 9.94 10.65 -0.45

Q11 8.53 9.75 2.46 3.41 6.05 11.65 8.40 -0.34

M100 
B2 10.60 10.63 4.53 4.29 20.52 18.37 19.41 -0.24
T2 11.18 11.19 5.11 4.85 26.11 23.56 24.80 -0.12

Q11 11.33 11.34 5.26 5.00 27.67 24.96 26.28 -0.05
N=18 avg.ft =6.07 avg.ft

* =6.34 

Where %  (percentage deviation) is equal to [(ft - ft*)/ ft]*100 

The coefficient of correlation between expected values (ft) and the corresponding probable 
values (ft*) is  

rcc = [ (ft- avg.ft)( ft*-avg.ft*)]/ [ (ft- avg.ft)2 * (ft*-avg.ft*)2] = 0.9949 
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Fig 24 -Regression analysis based model for ft 

The Average Absolute Relative Error (AARE) is given by 

AARE   =                  =   0.023       
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9.2 Relation between flexural strength (fb) and Compressive Strength (fc)  

To develop empirical expressions using statistical modelling, the following tabular values are 
evaluated. 

Table 50 - Empirical expression for fb in terms of fc    

Grade 
of SCC 

Mix 

Mix 
No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Flexural 
Strength 

fb 

(N/mm2) 

Compressive 
Strength 

fc 
(N/mm2) 

Y=logfb 
 

X=logfc 
 

XY 
 

X2 
 

M20 

C1 C100 3.28 25.18 0.52 1.40 0.72 1.96 
B2 C50+FA50 4.19 32.24 0.62 1.51 0.94 2.28 
B7 C80+MS20 3.77 29.03 0.58 1.46 0.84 2.14 

B13 C75+MK25 4.00 30.77 0.60 1.49 0.90 2.21 
T3 C35+FA50+MS15 4.26 32.81 0.63 1.52 0.95 2.30 
T15 C25+FA60+MK15 4.80 36.87 0.68 1.57 1.07 2.45 

M40 

C1 C100 6.27 48.18 0.80 1.68 1.34 2.83 
B1 C60+FA40 7.38 56.78 0.87 1.75 1.52 3.08 
B5 C85+MS15 6.76 51.99 0.83 1.72 1.42 2.94 

B10 C80+MK20 6.98 53.73 0.84 1.73 1.46 2.99 
T5 C50+FA40+MS10 7.79 59.87 0.89 1.78 1.58 3.16 
T9 C35+FA50+MK15 7.79 59.92 0.89 1.78 1.58 3.16 

M80 
B2 C95+MS5 11.52 88.56 1.06 1.95 2.07 3.79 
T3 C65+FA20+MS15 12.29 94.51 1.09 1.98 2.15 3.90 

Q11 C50+FA28+MS11+MK11 12.64 97.16 1.10 1.99 2.19 3.95 

M100 
B2 C90+MS10 13.78 106.04 1.14 2.03 2.31 4.10 
T2 C71+FA19+MS10 14.53 111.83 1.16 2.05 2.38 4.20 

Q11 C55+FA23+MS11+MK11 14.73 113.28 1.17 2.05 2.40 4.22 
                               N=18                                     15.47 31.42 27.84 55.67 

 
k2 = [ logfc logfb  - Ns (logfc logfb)]/[ ( logfc)2 - Ns (logfc)2 
and 
logk1= [ logfb - k2 logfc]/ Ns    or   k1= log-1[ [ logfb - k2 logfc]/ Ns]       
Substituting the tabular values in above equations and solving them for k1 and k2 we get, 
k1 = 0.12 and k2 = 1.015 
Substituting the values of k1 and k2 in fb = k1 (fc)k2 

 we get, fb = 0.12 (fc)1.015  
This is the proposed empirical expression for flexural strength ‘fb’ (Theoretical) in terms of fc for 
various grades of blended SCC mixes 
The coefficient of correlation is worked out using the Table 51. 
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Table 51 - Coefficient of correlation for ft

Grade of 
SCC Mix Mix No Experimental 

fb 
(N/mm2) 

Theoretical 
fb* 

(N/mm2) 

X= 
fb- avg.fb 

Y= 
fb

*-avg.fb
* 

X2 Y2 XY %  

M20 

C1 3.28 3.17 -4.69 -4.86 22.00 23.61 22.79 3.31 
B2 4.19 4.08 -3.78 -3.95 14.29 15.64 14.95 2.73 
B7 3.77 3.66 -4.2 -4.37 17.64 19.06 18.34 2.81 

B13 4 3.89 -3.97 -4.14 15.76 17.16 16.45 2.82 
T3 4.26 4.15 -3.71 -3.88 13.76 15.06 14.40 2.61 
T15 4.8 4.67 -3.17 -3.36 10.05 11.29 10.65 2.70 

M40 

C1 6.27 6.13 -1.7 -1.90 2.89 3.62 3.23 2.27 
B1 7.38 7.24 -0.59 -0.79 0.35 0.63 0.47 1.91 
B5 6.76 6.62 -1.21 -1.41 1.46 1.99 1.71 2.08 

B10 6.98 6.84 -0.99 -1.19 0.98 1.41 1.17 1.94 
T5 7.79 7.64 -0.18 -0.39 0.03 0.15 0.07 1.94 
T9 7.79 7.65 -0.18 -0.38 0.03 0.15 0.07 1.85 

M80 
B2 11.52 11.37 3.55 3.34 12.60 11.13 11.84 1.33 
T3 12.29 12.14 4.32 4.11 18.66 16.91 17.76 1.20 

Q11 12.64 12.49 4.67 4.46 21.81 19.87 20.82 1.21 

M100 
B2 13.78 13.65 5.81 5.62 33.76 31.55 32.63 0.97 
T2 14.53 14.40 6.56 6.37 43.03 40.62 41.81 0.87 

Q11 14.73 14.59 6.76 6.56 45.70 43.07 44.37 0.93 
N=18 avg.fb =7.97 avg.fb

* =8.03 3.3 -0.17 274.81 272.91 273.52 

Where %  (percentage deviation) is equal to [(fb – fb*)/ fb]*100 

The coefficient of correlation between expected values (fb) and the corresponding probable 
values (fb*) is  

rcc = [ (fb- avg.fb)( fb*-avg.fb*)]/ [ (fb- avg.fb)2 * (fb*-avg.fb*)2] = 0.9987 
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Fig 25 - Regression analysis based model for fb 

The Average Absolute Relative Error (AARE) is given by 
  
AARE =                                     =   0.019 
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9.3 Relation between water powder ratio (wp) and Compressive Strength (fc)  
To develop empirical expressions using statistical modelling, the following tabular values are 
evaluated. 

Table 52 Empirical expression for wp in terms of fc    

Grade of 
SCC Mix Mix No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Water 
Powder 
Ratio 
(W/P) 

wp 

Compressive 
Strength 

fc 
(N/mm2) 

Y 
=log wp 

X 
=log fc 

XY X2 

M20 

C1 C100 0.45 25.18 -0.35 1.40 -0.49 1.96
B2 C50+FA50 0.45 32.24 -0.35 1.51 -0.52 2.28
B7 C80+MS20 0.45 29.03 -0.35 1.46 -0.51 2.14
B13 C75+MK25 0.45 30.77 -0.35 1.49 -0.52 2.21
T3 C35+FA50+MS15 0.45 32.81 -0.35 1.52 -0.53 2.30 
T15 C25+FA60+MK15 0.45 36.87 -0.35 1.57 -0.54 2.45 

M40 

C1 C100 0.35 48.18 -0.46 1.68 -0.77 2.83
B1 C60+FA40 0.35 56.78 -0.46 1.75 -0.80 3.08
B5 C85+MS15 0.35 51.99 -0.46 1.72 -0.78 2.94
B10 C80+MK20 0.35 53.73 -0.46 1.73 -0.79 2.99
T5 C50+FA40+MS10 0.35 59.87 -0.46 1.78 -0.81 3.16 
T9 C35+FA50+MK15 0.35 59.92 -0.46 1.78 -0.81 3.16 

M80 
B2 C95+MS5 0.25 88.56 -0.60 1.95 -1.17 3.79
T3 C65+FA20+MS15 0.25 94.51 -0.60 1.98 -1.19 3.90 

Q11 C50+FA28+MS11+MK11 0.25 97.16 -0.60 1.99 -1.20 3.95 

M100 
B2 C90+MS10 0.22 106 -0.66 2.03 -1.33 4.10
T2 C71+FA19+MS10 0.22 111.8 -0.66 2.05 -1.35 4.20 

Q11 C55+FA23+MS11+MK11 0.22 113.3 -0.66 2.05 -1.35 4.22 
 N=18      -8.60 31.42 -15.45 55.67

k2 = [ logfc logwp  - Ns (logfc logwp)]/[ ( logfc)2 - Ns (logfc)2]  
and 
logk1= [ logwp - k2 logfc]/ Ns    or   k1= log-1[ [ logwp - k2 logfc]/ Ns]       
Substituting the tabular values in above equations and solving them for k1 and k2 we get, 
k1 = 2.82 and k2 =- 0.53 
Substituting the values of k1 and k2 in wp = k1 (fc)k2

we get, wp = 2.82 (fc)-0.53 

This is the proposed empirical expression for water powder ratio ‘wp’ (Theoretical) in terms of fc 
for various grades of blended SCC mixes 
The coefficient of correlation is worked out using the Table 52 
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Table 53- Coefficient of correlation for wp

Grade of 
SCC Mix Mix No Experimental 

wp  
Theoretical 

wp* X= 
wp-avg. wp 

Y= 
wp

*-avg. 
wp

* 

X2 Y2 XY %  

M20 

C1 0.45 0.51 0.13 0.16 0.02 0.03 0.02 -13.36
B2 0.45 0.45 0.13 0.10 0.02 0.01 0.01 0.55
B7 0.45 0.47 0.13 0.12 0.02 0.02 0.02 -5.13

B13 0.45 0.46 0.13 0.11 0.02 0.01 0.01 -1.94
T3 0.45 0.44 0.13 0.09 0.02 0.01 0.01 1.47

T15 0.45 0.42 0.13 0.07 0.02 0.00 0.01 7.38

M40 

C1 0.35 0.36 0.03 0.01 0.00 0.00 0.00 -3.34
B1 0.35 0.33 0.03 -0.02 0.00 0.00 0.00 5.28
B5 0.35 0.35 0.03 0.00 0.00 0.00 0.00 0.75

B10 0.35 0.34 0.03 -0.01 0.00 0.00 0.00 2.46
T5 0.35 0.32 0.03 -0.03 0.00 0.00 0.00 7.90
T9 0.35 0.32 0.03 -0.03 0.00 0.00 0.00 7.94

M80 
B2 0.25 0.26 -0.07 -0.09 0.00 0.01 0.01 -4.78
T3 0.25 0.25 -0.07 -0.10 0.00 0.01 0.01 -1.23

Q11 0.25 0.25 -0.07 -0.10 0.00 0.01 0.01 0.24

M100 
B2 0.22 0.24 -0.1 -0.11 0.01 0.01 0.01 -8.22
T2 0.22 0.23 -0.1 -0.12 0.01 0.01 0.01 -5.22

Q11 0.22 0.23 -0.1 -0.12 0.01 0.01 0.01 -4.50

N=18 avg. wp = 
0.32 

avg. wp
 * 

=0.35 0.45 -0.06 0.15 0.15 0.14 

Where %  (percentage deviation) is equal to [(wp – wp*)/ wp]*100 

The coefficient of correlation between expected values (wp) and the corresponding probable 
values (wp*) is  

rcc = [ (wp- avg. wp)( wp
*-avg. wp

*)]/ [ (wp - avg. wp)2 * (wp
 *-avg. wp

 *)2]  

    = 0.9333 
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Fig 26 -Regression analysis based model for wp 

The Average Absolute Relative Error (AARE) is given by 

  

               AARE =                                     =   0.019 
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9.4 Relation between powder quantity (pq) and Compressive Strength (fc)  
To develop empirical expressions using statistical modelling, the following tabular values are 
evaluated. 

Table 54- Empirical expression for pq in terms of fc    

Grade of 
SCC Mix Mix No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Powder 
Quantity 

pq 
kg 

Compressive 
Strength 

fc 
(N/mm2) 

Y 
=log pq 

X 
=log fc 

XY X2 

M20 

C1 C100 486 25.18 2.69 1.40 3.76 1.96 
B2 C50+FA50 486 32.24 2.69 1.51 4.05 2.28 
B7 C80+MS20 486 29.03 2.69 1.46 3.93 2.14 

B13 C75+MK25 486 30.77 2.69 1.49 4.00 2.21 
T3 C35+FA50+MS15 486 32.81 2.69 1.52 4.07 2.30 
T15 C25+FA60+MK15 486 36.87 2.69 1.57 4.21 2.45 

M40 

C1 C100 531 48.18 2.73 1.68 4.59 2.83 
B1 C60+FA40 531 56.78 2.73 1.75 4.78 3.08 
B5 C85+MS15 531 51.99 2.73 1.72 4.68 2.94 

B10 C80+MK20 531 53.73 2.73 1.73 4.72 2.99 
T5 C50+FA40+MS10 531 59.87 2.73 1.78 4.84 3.16 
T9 C35+FA50+MK15 531 59.92 2.73 1.78 4.84 3.16 

M80 
B2 C95+MS5 700 88.56 2.85 1.95 5.54 3.79 
T3 C65+FA20+MS15 700 94.51 2.85 1.98 5.62 3.90 

Q11 C50+FA28+MS11+MK11 910 97.16 2.96 1.99 5.88 3.95 

M100 
B2 C90+MS10 700 106.00 2.85 2.03 5.76 4.10 
T2 C71+FA19+MS10 700 111.8 2.85 2.05 5.83 4.20 

Q11 C55+FA23+MS11+MK11 910 113.3 2.96 2.05 6.08 4.22 
 N=18       49.77 31.42 87.18 55.67 

k2 = [ logfc logpq  - Ns (logfc logpq)]/[ ( logfc)2 - Ns (logfc)2]  
and 
logk1= [ logpq - k2 logfc]/ Ns    or   k1= log-1[ [ logpq - k2 logfc]/ Ns]       
Substituting the tabular values in above equations and solving them for k1 and k2 we get, 
k1 = 131.82 and k2 =0.368 
Substituting the values of k1 and k2 in pq = k1 (fc)k2  
we get, pq= 131.82 (fc)0.368

This is the proposed empirical expression for Powder Quantity ‘pq’ (Theoretical) in terms of fc for 
various grades of blended SCC mixes 

The coefficient of correlation is worked out using the Table 55 

100



T
ab

le
 5

5 
- 

C
oe

ffi
ci

en
t o

f c
or

re
la

tio
n 

fo
r 

p q

G
ra

de
 o

f 
SC

C
 M

ix
 

M
ix

 N
o 

Ex
pe

rim
en

ta
l 

p q
  

kg
 

Th
eo

re
tic

al
 

p q
* 

kg
 

X
= 

p q
 -a

vg
. p

q 
Y

= 
p q

 *
-a

vg
. p

q *
 

X
2 

Y
2 

X
Y

 
%

 

M
20

 

C
1 

48
6

45
8

-1
09

.6
6

-1
75

.4
1 

12
02

5.
32

 
30

76
8.

96
 

19
23

5.
55

 
5.

78
 

B
2 

48
6

50
4

-1
09

.6
6

-1
29

.5
7 

12
02

5.
32

 
16

78
8.

95
 

14
20

8.
89

 
-3

.6
5

B
7 

48
6

48
4

-1
09

.6
6

-1
49

.5
6 

12
02

5.
32

 
22

36
7.

75
 

16
40

0.
59

 
0.

46
 

B
13

 
48

6
49

5
-1

09
.6

6
-1

38
.5

7 
12

02
5.

32
 

19
20

0.
40

 
15

19
5.

09
 

-1
.8

0
T3

 
48

6
50

7
-1

09
.6

6
-1

26
.1

5 
12

02
5.

32
 

15
91

4.
53

 
13

83
3.

92
 

-4
.3

6
T1

5 
48

6
53

1
-1

09
.6

6
-1

02
.7

9 
12

02
5.

32
 

10
56

6.
03

 
11

27
2.

08
 

-9
.1

6

M
40

 

C
1 

53
1

58
8

-6
4.

66
-4

5.
07

 
41

80
.9

2 
20

31
.4

8 
29

14
.3

5 
-1

0.
78

B
1 

53
1

62
7

-6
4.

66
-6

.5
7 

41
80

.9
2 

43
.1

8
42

4.
87

-1
8.

03
B

5 
53

1
60

6
-6

4.
66

-2
7.

53
 

41
80

.9
2 

75
8.

12
 

17
80

.3
5 

-1
4.

09
B

10
 

53
1

61
4

-6
4.

66
-1

9.
79

 
41

80
.9

2 
39

1.
53

 
12

79
.4

3 
-1

5.
54

T5
 

53
1

64
0

-6
4.

66
6.

38
 

41
80

.9
2 

40
.7

2
-4

12
.6

2
-2

0.
47

T9
 

53
1

64
0

-6
4.

66
6.

59
 

41
80

.9
2 

43
.4

0
-4

25
.9

5
-2

0.
51

M
80

 
B

2 
70

0
74

4
10

4.
34

 
11

0.
74

 
10

88
6.

84
 

12
26

3.
81

 
11

55
4.

83
-6

.3
0

T3
 

70
0

76
3 

10
4.

34
 

12
9.

65
 

10
88

6.
84

 
16

81
0.

29
 

13
52

8.
15

 
-9

.0
0

Q
11

 
91

0
77

1 
31

4.
34

 
13

7.
84

 
98

80
9.

64
 

19
00

0.
53

 
43

32
9.

38
 

15
.2

6 

M
10

0 
B

2 
70

0
79

8 
10

4.
34

 
16

4.
32

 
10

88
6.

84
 

27
00

1.
21

 
17

14
5.

20
 

-1
3.

95
T2

 
70

0
81

4 
10

4.
34

 
18

0.
86

 
10

88
6.

84
 

32
70

9.
70

 
18

87
0.

75
 

-1
6.

31
Q

11
 

91
0

81
8 

31
4.

34
 

18
4.

92
 

98
80

9.
64

 
34

19
4.

32
 

58
12

6.
83

 
10

.0
8 

N
=1

8 
av

g.
 p

q 
= 

59
5.

66
 

av
g.

 p
q *

 = 
63

3.
33

 
0.

12
 

0.
29

 
33

84
04

.0
0 

26
08

94
.9

3 
 

25
82

61
.6

9 

101



Where %  (percentage deviation) is equal to [(pq – pq*)/ pq]*100

The coefficient of correlation between expected values (pq) and the corresponding probable 
values (pq*) is 

rcc = [ (pq- avg. pq)( pq
*-avg. pq

*)]/ [ (pq - avg. pq)2 * (pq
*-avg. pq

*)2] = 0.8692

Fig 27 - Regression analysis based model for pq

The Average Absolute Relative Error (AARE) is given by

     AARE =     =   0.074
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9.5 Relation between secant modulus of elasticity (Ec) and Compressive Strength (fc)  
To develop empirical expressions using statistical modelling, the following tabular values are 
evaluated. 

Table 56 - Empirical expression for Ec in terms of fc    

Grade 
of SCC 

Mix 

Mix 
No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Secant 
modulus 

of 
elasticity 

(Ec) 
(GPa) 

Compressive 
Strength 

fc 
(N/mm2) 

Y 
=log Ec 

X 
=log fc XY X2 

M20 

C1 C100 21886 25.18 4.34 1.40 6.08 1.96 
B2 C50+FA50 21111 32.24 4.32 1.51 6.52 2.28 
B7 C80+MS20 22150 29.03 4.35 1.46 6.36 2.14 

B13 C75+MK25 20288 30.77 4.31 1.49 6.41 2.21 
T3 C35+FA50+MS15 21300 32.81 4.33 1.52 6.56 2.30 
T15 C25+FA60+MK15 24775 36.87 4.39 1.57 6.88 2.45 

M40 

C1 C100 31171 48.18 4.49 1.68 7.56 2.83 
B1 C60+FA40 33033 56.78 4.52 1.75 7.93 3.08 
B5 C85+MS15 32357 51.99 4.51 1.72 7.74 2.94 

B10 C80+MK20 35640 53.73 4.55 1.73 7.88 2.99 
T5 C50+FA40+MS10 37640 59.87 4.58 1.78 8.13 3.16 
T9 C35+FA50+MK15 40960 59.92 4.61 1.78 8.20 3.16 

M80 
B2 C95+MS5 44811 88.56 4.65 1.95 9.06 3.79 
T3 C65+FA20+MS15 46750 94.51 4.67 1.98 9.23 3.90 

Q11 C50+FA28+MS11+MK11 50183 97.16 4.70 1.99 9.34 3.95 

M100 
B2 C90+MS10 51563 106.00 4.71 2.03 9.54 4.10 
T2 C71+FA19+MS10 51611 111.8 4.71 2.05 9.65 4.20 

Q11 C55+FA23+MS11+MK11 56486 113.3 4.75 2.05 9.76 4.22 
                               N=18                                     81.50 31.42 142.84 55.67 

 
k2 = [ logfc logEc  - Ns (logfc logEc)]/[ ( logfc)2 - Ns (logfc)2]   
and 
logk1= [ logEc - k2 logfc]/ Ns    or   k1= log-1[ [ logEc - k2 logfc]/ Ns]       
Substituting the tabular values in above equations and solving them for k1 and k2 we get, 
k1 = 1995.3 and k2 =0.699 
Substituting the values of k1 and k2 in Ec = k1 (fc)k2   

we get, Ec = 1995.3 (fc)0.699 
This is the proposed empirical expression for Secant Modulus of Elasticity ‘Ec’ (Theoretical) in terms of fc 
for various grades of blended SCC mixes 
The coefficient of correlation is worked out using the Table 57 
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Where %  (percentage deviation) is equal to [(Ec – Ec *)/ Ec]*100 

The coefficient of correlation between expected values (Ec) and the corresponding probable 
values (Ec *) is  

rcc= [ (Ec - avg. Ec)( Ec *-avg. Ec *)]/ [ (Ec - avg. Ec)2 * (Ec *-avg. Ec *)2]  

    = 0.594 

 

 

Fig 28 - Regression analysis-based model for Ec 

The Average Absolute Relative Error (AARE) is given by 

           

     AARE =                                     = 0.0538 
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In summary, evaluated regression equations which gives non-linear relationships between split 
tensile strength, flexural strength, water-powder ratio, quantity of powder and modulus of elasticity 
in terms of specified compressive strength for blended SCC mixes are presented as follows: 

1. Relation between Split tensile Strength (ft) and Compressive Strength (fc) for various 
grades of blended SCC mixes is computed as 
ft = 0.11 (fc)0.98 

2. Relation between flexural strength (fb) and Compressive Strength (fc) for various grades of 
blended SCC mixes is computed as 
fb = 0.12 (fc)1.015 

3. Relation between water powder ratio (wp) and Compressive Strength (fc) for various grades 
of blended SCC mixes is computed as 
wp = 2.82 (fc)-0.53 

4. Relation between powder quantity (pq) and Compressive Strength (fc) for various grades 
of blended SCC mixes is computed as 
pq= 131.82 (fc)0.368 

5. Relation between secant modulus of elasticity (Ec) and Compressive Strength (fc) for 
various grades of blended SCC mixes is computed as 
Ec = 1995.3 (fc)0.699 
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10.DURABILITY PROPERTIES

Durability of concrete can be defined as the capability to perform satisfactorily in the exposure 
condition to which it is subjected over an intended period of time with minimum of maintenance 
while maintaining its preferred engineering properties. In the following sections detailed 
investigations are carried out to determine the durability characteristics of ordinary grade (M20) , 
standard grade (M40) and  high strength grade (M80 and M100) of binary ,ternary and quaternary 
blended Self-Compacting Concrete (SCC) mixes made with optimum proportions of Fly Ash (FA), 
Microsilica (MS) and Metakaolin (MK) combination. 
Durability properties such as water absorption capacity, porosity, sorptivity test, chloride ion 
penetration resistance, acid attack resistance, sulphate attack resistance, sea water attack resistance 
at  28, 60 and 90 days were determined by conducting detailed laboratory investigations on 
ordinary grade (M20), standard grade (M40) and high strength grade (M80 and M100) of binary, 
ternary and quaternary blended Self Compacting Concrete (SCC) mixes made with fly Ash (FA), 
microsilica (MS) and metakaolin (MK).  

10.0 Chloride ion penetration resistance 
The chloride resistance of concrete is governed primarily by the pore structure and the concrete 
diffusivity. Therefore, wherever there is a potential risk of chloride-induced corrosion, the concrete 
should be evaluated for chloride permeability. The most important concrete characteristic, apart 
from permeability, is diffusion. Usually chlorides penetrate in concrete by diffusion along water 
paths or open pores. The objective of the present experimental investigations is to determine the 
chloride penetration resistance of ordinary grade (M20) , standard grade (M40) and  high strength 
grade (M80 and M100) of binary ,ternary and quaternary blended Self-Compacting Concrete 
(SCC) mixes made with optimum proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin 
(MK) combination. 

10.1 Rapid Chloride Permeability Test 
As per ASTM C1202, in the Rapid chloride penetration test, a water-saturated, 50-mm thick, 100-
mm diameter concrete specimen is subjected to a 60 V applied DC voltage for 6 hours. The 
permeability cell, which is made of Perspex glass and consists of two parts each with a reservoir 
being capable of holding 250 ml of chemical solution and copper mesh of 100 mm diameter to act 
as an electrode. In upstream reservoir of is a 3.0% NaCl solution of 2.4N and in the downstream 
reservoir is a 0.3 M NaOH solution (chloride free). These concentrations give the equal electrical 
conductivity of both the solutions. An external voltage cell is used to apply a voltage difference of 
60V between the electrodes. The electrochemical cell, constituted by this assembly, results in the 
rapid migration of chloride ions from the sodium chloride solution to the sodium hydroxide 
solution, via the pore network offered by the concrete disc shaped specimen. The total charge 
passed in coulombs is determined and this is used to rate the quality of the concrete according to 
the criteria rating mentioned in the ASTM C1202. Rapid chloride ion penetrability test (RCPT) is 
conducted on  ordinary grade (M20) , standard grade (M40) and  high strength grade (M80 and 
M100) of binary ,ternary and quaternary blended Self- Compacting Concrete (SCC) mixes made 
with optimum proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) combination. 
The total charge passing through from one reservoir to another reservoir through centrally placed 
concrete specimen in 6 hrs was measured, at an interval of 60 min, indicating the degree of 
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resistance of the specimen to chloride ion penetration. The following formula, based on the 
trapezoidal rule can be used to calculate the average current flowing through one cell.  

Q = (I0 + I1 + I2 + I3 + I4 + I5 + I6) mAh 

 I mAh = I x 0.001A x 3600 s 

Where Q = total electrical charge passed through the specimen (in coulombs) ; I0, I6 are the initial 
and final currents ; I1, I2, I3, I4, I5, are the intermediate currents at each one hr and I is the total 
current at the end of the test i.e., 6hrs.  
The chloride resistance of concrete is governed primarily by the pore structure and the concrete 
diffusivity. Usually chlorides penetrate in concrete by diffusion along water paths or open pores. 
The objective of the present experimental investigations is to determine the chloride penetration 
resistance of optimally blended binary, ternary and quaternary SCC mixes of ordinary grade 
(M20), standard grade (M40) and high strength grade (M80 and M100) made with Fly Ash (FA), 
Microsilica (MS) and Metakaolin (MK) at 28, 60 and 90 days through the rapid chloride 
permeability test.  
Rapid chloride ion penetrability test is conducted on all optimally blended binary, ternary and 
quaternary SCC mixes of all grades considered for study. The total charge passing through from 
one reservoir to another reservoir through centrally placed concrete specimen in 6 hrs was 
measured, at an interval of 60 min, indicating the degree of resistance of the specimen to chloride 
ion penetration as shown in Table 58. The test determines the electrical conductance of the test 
specimen, expressed as the total electrical charge passed through the specimen, in coulombs. The 
presence of SCMs reduces the porosity by plugging the pores present in the concrete ensuing 
minimum interconnecting voids. The test results confirms that the metakaolin (MK) blended 
binary, ternary and quaternary SCC mixes exhibit better chloride ion penetration resistance in all 
the grades at all ages. In case of metakaolin (MK) based high strength SCC mixes (M80 and 
M100), chloride ion permeability is reduced to negligible levels whilst this was very low in 
ordinary grade (M20) and standard grade (M40) concretes. The metakaolin (MK) based blended 
SCC mixes would be considered to have very low chloride ion permeability which validates its 
refined pore structure. Decrease in chloride ion permeability is more pronounced in metakaolin 
(MK) based blended high strength SCC mixes than in other blended SCC mixes. It can be 
concluded that blended SCC mixes will have the higher life compared to conventional SCC mixes 
which resists the harmful solutions into the concrete there by decreasing the deleterious effects 
they may cause. This property can be effectively used to improve the water tightness of the 
concrete in water retaining structures. Calcium Silicate hydrate (CSH) Phase of metakaolin (MK) 
blended SCC mixes has a two dimensional foil like structure rather than linear needle like structure 
of normal CSH of OPC. This foil like structure is more efficient in filling space without leaving 
large interconnected capillary pores. There is a distinct reduction in porosity with the incorporation 
of metakaolin in blended SCC mixes. 
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Fig 29- Total charge passed in coulombs for optimally blended SCC mixes of various 
grades

10.2 Chloride ion diffusivity 
The impermeability of concrete can be represented by the rate of flow or diffusion coefficient of 
chloride ions through the unit area of concrete. Chloride diffusivity in terms of total charge passed 
through blended SCC using Rapid Chloride Penetration Test (RCPT) as per ASTM C 1202 is also 
investigated. The electric charge passed, Q in coulombs, obtained from Rapid chloride ion 
penetrability test was used to calculate Chloride Migration Diffusion Coefficient in steady state 
conditions from Berke’s empirical Equation. The calculated diffusion coefficient values are shown 
in Table 59

Table 59-  RCPT Criteria Ratings 

Permeability 
Class

Electric Charge Passed 
as per ASTM C1202

(Coulombs)

Chloride Migration Diffusion Coefficients as per 
Concrete Society, United Kingdom

(m2/s)

High > 4,000 >5x10-12

Moderate 2,000 - 4,000 1 to 5 x 10-12

Low 1,000 - 2,000 < 1 x 10-12

Very Low 100 - 1,000 -
Negligible < 100 -
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                                              (Source: http://darienelectricmadras.com)
Fig 30-Rapid Chloride Permeability Test Setup

The impermeability of concrete can be represented by the rate of flow or diffusion coefficient of 
chloride ions through the unit area of concrete. Chloride diffusivity is evaluated in terms of total 
charge passed of optimally blended binary, ternary and quaternary SCC mixes of ordinary grade 
(M20), standard grade (M40) and high strength grade (M80 and M100) made with Fly Ash (FA), 
Microsilica (MS) and Metakaolin (MK) at 28, 60 and 90.
The diffusivity of chloride through concrete therefore depends on the microstructure of the 
concrete. Diffusion Coefficient (DC) of chloride ions decreases in blended SCC mixes but with 
the introduction of metakaolin (MK) into SCC mixes further decrease is observed in the effective 
chloride ion diffusion coefficients. In the metakaolin (MK) blended SCC mixes pores are filled in 
such a way, modifying the original microstructure formed by the cement-sand matrix and 
subsequently increasing the tortuosity of the capillary network, resulting in longer paths and 
smaller pore diameters. It is already proved in previous investigations that quaternary blended SCC 
mix has improved microstructure which is dense and impermeable.

Total charge passed through the concrete depends on the electrical conductance, the lower loss 
of ignition value present in metakaolin (MK) might have contributed to the significant reduction 
in the electrical charge passed (chloride penetration). The incorporation of metakaolin or micro 
silica in SCC mixes  reduce the chloride diffusion rate significantly.
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Fig 31- Chloride Diffusion Coefficients for optimized blended SCC mixes of various grades

10.3 Acid and Sulphate Attack Resistance 
Chemical attack by aggressive water is one of the factors responsible for damage to concrete. 
Concrete can also be subjected to attack by various mineral acids such as sulphuric acid, 
hydrochloric acid etc. In natural ground water, only sulphuric acid is likely to be found as a result 
of the oxidation of sulphide minerals such as pyrites and marcasite. When concrete comes in 
contact with such acidic waters, the calcium hydroxide reacts with the sulphuric acid to form 
gypsum, which can be readily washed away. Sulphuric acid is also one of the main acidifying 
agents of acid rain. Much higher concentrations can occur in industrial environments. Another 
source of severe sulphuric acid attack, which is very common worldwide, is that which generates 
by bacteria in concrete sewage systems. Industrial waters contain enough sulphate ions to 
potentially damage the Portland cement concrete by forming deleterious soluble alkali sulphates. 
Investigations are carried out to study the effect of aggressive chemical environment in terms of 
loss of compressive strength and loss of weight in ordinary grade (M20), standard grade (M40) 
and high strength grade (M80 and M100) of binary, ternary and quaternary blended Self-
Compacting Concrete (SCC) mixes made with optimum proportions of Fly Ash (FA), Microsilica 
(MS) and Metakaolin (MK) combination, exposed to 5% concentration of acids as shown below:

1) 5% Hydrochloric Acid (HCl)
Hydrochloric Acid of 35 – 38% LR with Specific gravity = 1.18 kg/lit. 

2) 5% Sulphuric Acid (H2SO4)
Sulphuric Acid of 98% LR – Merk. M = 98.08 g/mol. Specific gravity = 1.84 kg/lit. 
Concrete cubes of size 100mm x 100mm x 100mm, of ordinary grade (M20), standard grade (M40) 
and high strength grade (M80 and M100) of binary, ternary and quaternary blended Self-

113



Compacting Concrete (SCC) mixes made with optimum proportions of Fly Ash (FA), Microsilica 
(MS) and Metakaolin (MK) combination, are cast and cured for 28 days. They are immersed in 
acids considered for study. The percentage weight loss, percentage compressive strength loss is 
evaluated at 0 (after cured for 28 days), 30, and 60 days of exposure. The specimens are arranged 
in the plastic tubs in such a way that the clearance around and above the specimen is not less than 
30 mm. The solution has been changed for an interval of every 15 days after taking the 
measurements. The response of the specimens to the solutions is evaluated through change in visual 
appearance, weight and compressive strength. Before testing, each specimen is removed from the 
tubs, and brushed with a soft nylon brush and rinsed in tap water. The relative strengths are always 
with respect to the 28 days value (i.e at the start of the test). The damage or deterioration, expressed 
as percentage loss in strength is calculated as follows: 
 

Damage (D) = (1-(fs/fw)) * 100 
 

Where, fs = the average compressive strength in MPa of three specimens cured in acid solution; 
fw = the average compressive strength in MPa of three specimens cured in water. 
 
The objective of the present investigations is to study sulphate attack resistance in terms of loss of 
compressive strengths and loss of weights of ordinary grade (M20), standard grade (M40) and high 
strength grade (M80 and M100) of binary, ternary and quaternary blended Self-Compacting 
Concrete (SCC) mixes made with optimum proportions of Fly Ash (FA), Microsilica (MS) and 
Metakaolin (MK) combination, exposed to 5% concentrations of Na2SO4 and MgSO4. Concrete 
cubes of size 100mm x 100mm x 100mm for the above stated SCC mixes are cast and cured for 
28 days. The test procedure for acid resistance test was developed by modifying the related 
Standards for normal Portland cement and concrete (Standards-ASTM, 1993, 1995, 1997; 
Standards-Australia, 1996b). They are immersed in 5% concentration of Na2SO4 and MgSO4. The 
percentage loss of compressive strengths and percentage loss of weights for all grades of blended 
SCC mixes are evaluated at 28, 30 and 60 days of exposure. 
 
The damage, expressed as percentage loss in strength is calculated as follows: 

Damage (D) = (1-(fs/fw)) * 100 
 

Where, fs = the average compressive strength in MPa of three specimens cured in sulphate 
solution; fw = the average compressive strength in MPa of three specimens cured in water. 
 
To study the effect of aggressive chemical environment in terms of loss of compressive strength 
and loss of weight in ordinary grade (M20), standard grade (M40) and high strength grade (M80 
and M100) of binary, ternary and quaternary blended Self-Compacting Concrete (SCC) mixes 
made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) exposed to different 
concentrations of acids as shown below: 

3) 5% Hydrochloric Acid (HCl) [Hydrochloric Acid of 35 – 38% LR with Specific gravity = 
1.18 kg/lit. ] 

     2) 5% Sulphuric Acid (H2SO4) [Sulphuric Acid of 98% LR – Merk. M = 98.08 g/mol. Specific 
gravity = 1.84 kg/lit. ] 
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The another objective of the present investigations is also to study sulphate attack resistance in 
terms of loss of compressive strengths and loss of weights of binary, ternary and quaternary 
blended Self-Compacting Concrete (SCC) mixes exposed to 5% concentrations of Na2SO4 and 
MgSO4 sulphates. 

(a) 5% H2SO4 
(b) 5% HCL 
(c) 5% Na2SO4  
(d) 5% MgSO4 

 
Calculations for Normality of Acids 

a) Sulphuric Acid (H 2SO4) 
Purity of the Acid 98% 
Specific gravity 1.835 
Molecular weight 98.07 
Molarity of acid  
 

= {(purity)x10x(specific gravity)}/Molecular     
    weight 

 = (98x10x1.835)/98.07 
 = 18.336M 
Normality of acid  = (18.336x2) 
 = 36.672N 
5% H2SO4 is diluted in 
18000ml of water 

=900 ml 

Total Solution =18000 + 900 
 = 18900 ml 
Molarity of the solution = (18.366 x 900)/18900 
 = 0.87 
Normality of 5% H2SO4 = 0.87 x 2 
 = 1.75 

 
b) Hydrochloric Acid (HCl) 

Purity of the Acid 36.5% 
Specific gravity 1.18 
Molecular weight 36.46 
Molarity of acid  
 

= {(purity)x10x(specific gravity)}/Molecular  
    weight 

 = (36.5x10x1.18)/36.46 
 = 11.81M 
Normality of acid  = (11.81x1) 
 = 11.81N 
5% HCl is diluted in 18000ml  =900 ml of water 
Total Solution =18000 + 900 
 = 18900 ml 
Molarity of the solution = (11.81 x 900)/18900 
 = 0.56 
Normality of 5% HCl = 0.56 x 1 
 = 0.56 
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The table 60 to 65 shows the Compressive strengths, Weights, percentage loss of compressive 
strength and percentage weight loss of optimally blended binary, ternary and quaternary SCC 
mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 and M100) 
made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) at 30 and 60 days of exposure 
to acids and Sulphates. 

Table 60 - Compressive strengths and Weights of Ordinary (M20) grade SCC specimens 
exposed to different concentrations of various acids 

Grade of Concrete -  Ordinary M20 Grade SCC 

Acid Exposure Mix 
No 

Mix Designation 
(Values indicate percentage 

by 
weight of ‘P’) 

Compressive Strength (MPa) Weights (kg) 

Days of Immersion Days of Immersion 

0* 30 60 0* 30 60 

5% HCL 

C1 C100 29.22 26.87 25.33 2.54 2.33 2.18 

B2 C50+FA50 33.21 31.05 30.17 2.54 2.33 2.22 

B7 C80+MS20 29.89 28.27 27.74 2.54 2.34 2.22 

B13 C75+MK25 31.29 29.82 29.39 2.54 2.35 2.25 

T3 C35+FA50+MS15 35.67 34.71 34.42 2.54 2.36 2.27 

T15 C25+FA60+MK15 37.81 37.32 37.27 2.54 2.37 2.31 

5% H2SO4 

C1 C100 29.22 24.19 22.77 2.54 2.56 2.03 

B2 C50+FA50 33.21 29.19 28.23 2.54 2.55 2.37 

B7 C80+MS20 29.89 27.08 25.93 2.54 2.56 2.08 

B13 C75+MK25 31.29 28.39 27.78 2.54 2.56 2.09 

T3 C35+FA50+MS15 35.67 34.17 33.7 2.54 2.55 2.4 

T15 C25+FA60+MK15 37.81 36.49 36.33 2.54 2.55 2.43 

5% Na2SO4 

C1 C100 29.22 26.51 25.1 2.54 2.56 2.15 

B2 C50+FA50 33.21 30.78 29.45 2.54 2.55 2.45 

B7 C80+MS20 29.89 28.11 27.16 2.54 2.56 2.19 

B13 C75+MK25 31.29 29.56 29.37 2.54 2.56 2.2 

T3 C35+FA50+MS15 35.67 34.62 34.21 2.54 2.55 2.5 

T15 C25+FA60+MK15 37.81 37.28 37.04 2.54 2.55 2.51 

5% MgSO4 

C1 C100 29.22 24.77 23.18 2.54 2.56 2.13 

B2 C50+FA50 33.21 29.87 29.09 2.54 2.55 2.42 

B7 C80+MS20 29.89 27.31 26.19 2.54 2.56 2.18 

B13 C75+MK25 31.29 28.67 28.11 2.54 2.56 2.19 

T3 C35+FA50+MS15 35.67 34.57 33.92 2.54 2.55 2.46 

T15 C25+FA60+MK15 37.81 37.1 36.99 2.54 2.55 2.49 

* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as
the reference compressive strength and initial weight, after 90 days curing, before the immersion
into the acids.
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Table 61 - % loss of Compressive strengths and % loss of Weights of Ordinary (M20) grade 
SCC specimens exposed to different concentrations of various acids  

Grade of Concrete -  Ordinary M20 Grade SCC 

Acid 
Exposure 

Mix 
No 

Mix Designation 
(Values indicate percentage 

by  
weight of ‘P’) 

% loss of Compressive 
Strength(MPa) 

% Loss of Weights 
(kg) 

Days of Immersion Days of Immersion 
0* 30 60 0* 30 60 

5% HCL 

C1 C100 - 8.04 13.31 - 8.27 14.17 
B2 C50+FA50 - 6.50 9.15 - 8.27 12.60 
B7 C80+MS20 - 5.42 7.19 - 7.87 12.60 

B13 C75+MK25 - 4.70 6.07 - 7.48 11.42 
T3 C35+FA50+MS15 - 2.69 3.50 - 7.09 10.63 

T15 C25+FA60+MK15 - 1.30 1.43 - 6.69 9.06 

 
 

5% H2SO4 

C1 C100 - 17.21 22.07 - -0.79 20.08 
B2 C50+FA50 - 12.10 15.00 - -0.39 6.69 
B7 C80+MS20 - 9.40 13.25 - -0.79 18.11 

B13 C75+MK25 - 9.27 11.22 - -0.79 17.72 
T3 C35+FA50+MS15 - 4.21 5.52 - -0.39 5.51 

T15 C25+FA60+MK15 - 3.49 3.91 - -0.39 4.33 

5% Na2SO4 

C1 C100 - 9.27 14.10 - -0.79 15.35 
B2 C50+FA50 - 7.32 11.32 - -0.39 3.54 
B7 C80+MS20 - 5.96 9.13 - -0.79 13.78 

B13 C75+MK25 - 5.53 6.14 - -0.79 13.39 
T3 C35+FA50+MS15 - 2.94 4.09 - -0.39 1.57 

T15 C25+FA60+MK15 - 1.40 2.04 - -0.39 1.18 

5% MgSO4 

C1 C100 - 15.23 20.67 - -0.79 16.14 
B2 C50+FA50 - 10.06 12.41 - -0.39 4.72 
B7 C80+MS20 - 8.63 12.38 - -0.79 14.17 

B13 C75+MK25 - 8.37 10.16 - -0.79 13.78 
T3 C35+FA50+MS15 - 3.08 4.91 - -0.39 3.15 

T15 C25+FA60+MK15 - 1.88 2.17 - -0.39 1.97 
* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as 
the reference compressive strength and initial weight, after 28 days curing, before the immersion 
into the acids. 
 
The Fig 32 to 39 shows the variation of percentage loss of compressive strength and variation of 
percentage weight loss of optimally blended binary, ternary and quaternary SCC mixes of ordinary 
grade (M20), standard grade (M40) and high strength grade (M80 and M100) made with Fly Ash 
(FA), Microsilica (MS) and Metakaolin (MK) at 30 and 60 days of exposure to acids and Sulphates. 
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Fig 32- Variation of % loss of Compressive strengths of Ordinary (M20) grade SCC 
specimens exposed to different concentrations of various acids

Fig 33- Variation of % loss of Weight of Ordinary (M20) grade SCC specimens exposed to 
different concentrations of various acids
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Table 62 - Compressive strengths and Weights of Standard (M40) grade SCC specimens 
exposed to different concentrations of various acids  

Grade of Concrete -  Standard (M40) Grade SCC 

Acid 
Exposure 

Mix 
No 

Mix Designation 
(Values indicate 
percentage by 
weight of ‘P’) 

Compressive Strength(MPa) Weights (kg) 
Days of Immersion Days of Immersion 

0* 30 60 0* 30 60 

5% HCL 

C1 C100 48.72 46.37 44.83 2.55 2.39 2.21 
B1 C50+FA50 52.71 50.55 49.67 2.55 2.39 2.25 
B5 C80+MS20 49.39 47.77 47.24 2.55 2.4 2.25 

B10 C75+MK25 50.79 49.32 48.89 2.55 2.41 2.28 
T5 C35+FA50+MS15 55.17 54.21 53.92 2.55 2.42 2.3 
T9 C25+FA60+MK15 57.31 56.82 56.77 2.55 2.43 2.34 

 
 

5% 
H2SO4 

C1 C100 48.72 43.69 42.27 2.55 2.62 2.06 
B1 C50+FA50 52.71 48.69 47.73 2.55 2.61 2.4 
B5 C80+MS20 49.39 46.58 45.43 2.55 2.62 2.11 

B10 C75+MK25 50.79 47.89 47.28 2.55 2.62 2.12 
T5 C35+FA50+MS15 55.17 53.67 53.2 2.55 2.61 2.43 
T9 C25+FA60+MK15 57.31 55.99 55.83 2.55 2.61 2.46 

5% 
Na2SO4 

C1 C100 48.72 46.01 44.6 2.55 2.62 2.18 
B1 C50+FA50 52.71 50.28 48.95 2.55 2.61 2.48 
B5 C80+MS20 49.39 47.61 46.66 2.55 2.62 2.22 

B10 C75+MK25 50.79 49.06 48.87 2.55 2.62 2.23 
T5 C35+FA50+MS15 55.17 54.12 53.71 2.55 2.61 2.53 
T9 C25+FA60+MK15 57.31 56.78 56.54 2.55 2.61 2.54 

5% 
MgSO4 

C1 C100 48.72 44.27 42.68 2.55 2.62 2.16 
B1 C50+FA50 52.71 49.37 48.59 2.55 2.61 2.45 
B5 C80+MS20 49.39 46.81 45.69 2.55 2.62 2.21 

B10 C75+MK25 50.79 48.17 47.61 2.55 2.62 2.22 
T5 C35+FA50+MS15 55.17 54.07 53.42 2.55 2.61 2.49 
T9 C25+FA60+MK15 57.31 56.6 56.49 2.55 2.61 2.52 

* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as 
the reference compressive strength and initial weight , after 28 days curing, before the immersion 
into the acids. 
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Table 63 - % loss of Compressive strengths and % loss of Weights of Standard (M40) grade 
SCC specimens exposed to different concentrations of various acids  

Grade of Concrete -  Standard (M40) Grade SCC 

Acid 
Exposure Mix No 

Mix Designation 
(Values indicate 
percentage by  
weight of ‘P’) 

% Loss of Compressive 
Strength(MPa) % Loss of Weight (kg) 

Days of Immersion Days of Immersion 
0* 30 60 0* 30 60 

5% HCL 

C1 C100 - 4.82 7.98 - 6.27 13.33 
B1 C50+FA50 - 4.10 5.77 - 6.27 11.76 
B5 C80+MS20 - 3.28 4.35 - 5.88 11.76 

B10 C75+MK25 - 2.89 3.74 - 5.49 10.59 
T5 C35+FA50+MS15 - 1.74 2.27 - 5.10 9.80 
T9 C25+FA60+MK15 - 0.85 0.94 - 4.71 8.24 

5% H2SO4 

C1 C100 - 10.32 13.24 - -2.75 19.22 
B1 C50+FA50 - 7.63 9.45 - -2.35 5.88 
B5 C80+MS20 - 5.69 8.02 - -2.75 17.25 

B10 C75+MK25 - 5.71 6.91 - -2.75 16.86 
T5 C35+FA50+MS15 - 2.72 3.57 - -2.35 4.71 
T9 C25+FA60+MK15 - 2.30 2.58 - -2.35 3.53 

5% 
Na2SO4 

C1 C100 - 5.56 8.46 - -2.75 14.51 
B1 C50+FA50 - 4.61 7.13 - -2.35 2.75 
B5 C80+MS20 - 3.60 5.53 - -2.75 12.94 

B10 C75+MK25 - 3.41 3.78 - -2.75 12.55 
T5 C35+FA50+MS15 - 1.90 2.65 - -2.35 0.78 
T9 C25+FA60+MK15 - 0.92 1.34 - -2.35 0.39 

5% 
MgSO4 

C1 C100 - 9.13 12.40 - -2.75 15.29 
B1 C50+FA50 - 6.34 7.82 - -2.35 3.92 
B5 C80+MS20 - 5.22 7.49 - -2.75 13.33 

B10 C75+MK25 - 5.16 6.26 - -2.75 12.94 
T5 C35+FA50+MS15 - 1.99 3.17 - -2.35 2.35 
T9 C25+FA60+MK15 - 1.24 1.43 - -2.35 1.18 

* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as
the reference compressive strength and initial weight, after 28 days curing, before the immersion
into the acids.
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Fig 34- Variation of % loss of Compressive strengths of standard (M40) grade SCC 
specimens exposed to different concentrations of various acids

Fig 35- Variation of % loss of Weight of Standard (M40) grade SCC specimens exposed to 
different concentrations of various acids
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Table 64 - Compressive strengths and Weights of High Strength (M80 and M100) grade SCC 
specimens exposed to different concentrations of various acids  

Type of  
specimen 

Acid 
Exposure Combinations 

Compressive Strength(MPa) Weight (kg) 

Days of Immersion Days of Immersion 

0* 30 60 0* 30 60 

M80 Grade 
SCC 

5% HCL 

C85+MS15 91.89 90.27 89.74 2.55 2.46 2.28 
C65+FA20+MS15 97.67 96.71 96.42 2.55 2.46 2.32 

C50+FA30+MS10+MK10 99.81 99.32 99.27 2.55 2.47 2.32 

5% H2SO4 

C85+MS15 91.89 89.08 87.93 2.55 2.48 2.35 
C65+FA20+MS15 97.67 96.17 95.7 2.55 2.49 2.37 

C50+FA30+MS10+MK10 99.81 98.49 98.33 2.55 2.50 2.41 

 
 

5% Na2SO4 

C85+MS15 91.89 90.11 89.16 2.55 2.70 2.12 
C65+FA20+MS15 97.67 96.62 96.21 2.55 2.69 2.47 

C50+FA30+MS10+MK10 99.81 99.28 99.04 2.55 2.70 2.57 

5% MgSO4 

C85+MS15 91.89 89.31 88.19 2.55 2.70 2.18 
C65+FA20+MS15 97.67 96.57 95.92 2.55 2.69 2.50 

C50+FA30+MS10+MK10 99.81 99.1 98.99 2.55 2.69 2.53 

M100 Grade 
SCC 

5% HCL 

C90+MS10 117.39 115.77 115.24 2.55 2.70 2.25 
C70+FA20+MS10 123.17 122.21 121.92 2.55 2.69 2.55 

C55+FA25+MS10+MK10 125.31 124.82 124.77 2.55 2.70 2.59 

5% H2SO4 

C90+MS10 117.39 114.58 113.43 2.55 2.70 2.30 
C70+FA20+MS10 123.17 121.67 121.2 2.55 2.69 2.61 

C55+FA25+MS10+MK10 125.31 123.99 123.83 2.55 2.69 2.62 

 
 

5% Na2SO4 

C90+MS10 117.39 115.61 114.66 2.55 2.70 2.22 
C70+FA20+MS10 123.17 122.12 121.71 2.55 2.69 2.52 

C55+FA25+MS10+MK10 125.31 124.78 124.54 2.55 2.70 2.58 

5% MgSO4 

C90+MS10 117.39 114.81 113.69 2.55 2.70 2.29 
C70+FA20+MS10 123.17 122.07 121.42 2.55 2.69 2.56 

C55+FA25+MS10+MK10 125.31 124.6 124.49 2.55 2.69 2.60 
* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as 
the reference compressive strength and initial weight, after 28 days curing, before the immersion 
into the acids. 
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Table 65 - % loss of Compressive strengths and % loss of Weights of High Strength (M80 
and M100) grade SCC specimens exposed to different concentrations of various acids  

Type of  
specimen 

Acid 
Exposure Combinations 

% Loss of Compressive 
Strength(MPa) % Loss of Weight (kg) 

Days of Immersion Days of Immersion 
0* 30 60 0* 30 60 

M80 Grade 
SCC 

5% HCL 
C85+MS15 - 1.76 2.34 - 3.53 10.59 

C65+FA20+MS15 - 0.98 1.28 - 3.53 9.02 
C50+FA30+MS10+MK10 - 0.49 0.54 - 3.14 9.02 

5% H2SO4 
C85+MS15 - 3.06 4.31 - 2.75 7.84 

C65+FA20+MS15 - 1.54 2.02 - 2.35 7.06 
C50+FA30+MS10+MK10 - 1.32 1.48 - 1.96 5.49 

 
 

5% Na2SO4 

C85+MS15 - 1.94 2.97 - -5.88 16.86 
C65+FA20+MS15 - 1.08 1.49 - -5.49 3.14 

C50+FA30+MS10+MK10 - 0.53 0.77 - -5.88 -0.78 

5% MgSO4 
C85+MS15 - 2.81 4.03 - -5.88 14.51 

C65+FA20+MS15 - 1.13 1.79 - -5.49 1.96 
C50+FA30+MS10+MK10 - 0.71 0.82 - -5.49 0.78 

M100 
Grade SCC 

5% HCL 
C90+MS10 - 1.38 1.83 - -5.88 11.76 

C70+FA20+MS10 - 0.78 1.01 - -5.49 0.00 
C55+FA25+MS10+MK10 - 0.39 0.43 - -5.88 -1.57 

5% H2SO4 
C90+MS10 - 2.39 3.37 - -5.88 9.80 

C70+FA20+MS10 - 1.22 1.60 - -5.49 -2.35 
C55+FA25+MS10+MK10 - 1.05 1.18 - -5.49 -2.75 

 
 

5% Na2SO4 

C90+MS10 - 1.52 2.33 - -5.88 12.94 
C70+FA20+MS10 - 0.85 1.19 - -5.49 1.18 

C55+FA25+MS10+MK10 - 0.42 0.61 - -5.88 -1.18 

5% MgSO4 
C90+MS10 - 2.20 3.15 - -5.88 10.20 

C70+FA20+MS10 - 0.89 1.42 - -5.49 -0.39 
C55+FA25+MS10+MK10 - 0.57 0.65 - -5.49 -1.96 

* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as 
the reference compressive strength and initial weight, after 28 days curing, before the immersion 
into the acids. 
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Fig 36- Specimens exposed to different concentrations of various acids

124



Fig 37- Variation of % loss of Weight of high strength (M80) grade SCC specimens exposed 
to different concentrations of various acids
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Fig 38- Variation of % loss of Compressive strengths of high strength (M100) grade SCC 
specimens exposed to different concentrations of various acids
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Fig 39- Variation of % loss of Weight of high strength (M100) grade SCC specimens 
exposed to different concentrations of various acids

The HCL acid attack is identified by formation of unique brownish belts on the surface of 
specimens. These belts on the surface are completely peeled off with time. Due to the peeling off 
the surface, the specimens undergo a higher amount of mass loss compared to what is experienced 
in H2SO4 acid attack. In specimens exposed to increasing periods of HCL acid attack, the surface 
becomes more brittle and denseness is reduced. In HCL acid attack, calcium hydroxide in concrete 
dissolves in acid and the reaction product is formed is calcium chloride, which is highly soluble in 
water and therefore is leached out of the mortar without forming micro cracks that can affect the 
internal structure and hence the strength characteristics of concrete. This type of action has more 
effect on the mass loss, as has been observed from the peeling off of the surface of specimens in 
HCL acid attack. So in HCL attack major mass loss occurs without any major loss of strength.
In specimens exposed to H2SO4 acid attack showed no noticeable change in color but surface 
becomes more brittle and denseness is greatly reduced. Even after long term exposure H2SO4 
specimens were seen to remain structurally intact though surface turned a little softer. When 
H2SO4 comes in contact with concrete, it reacts with Ca(OH)2 and calcium aluminate hydrate to 
form gypsum and ettringite, leading to an increase in initial weight in early days of exposure. The 
solubility of the gypsum so formed is low and therefore its dissolution does not take place. The 
formation of unstable ettringite causes the concrete matrix to be more porous and susceptible to 
the acid attack through the capillary pores. On the other hand, these reaction products have very 
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low structural stability in comparison to the reactants they replace. They involve an increase in 
volume and therefore occupy the space available as voids in concrete, leading to an increase in 
initial weight. However, after some time, the continued expansion causes cracking that ultimately 
leads to peeling off of the surface layer of concrete, as indicated by the mass loss of concrete that 
starts after approximately 30 days of exposure to the sulfuric acid solution. Since in H2SO4 the 
reaction products formed are not soluble but are expansive in nature, which therefore can cause 
micro cracking, so in H2SO4 there will be high loss of strength and but lesser mass loss. Sulphuric 
acid is very damaging to concrete as it combines an acid attack and sulphate attack. The percentage 
loss of compressive strength and weight in H2SO4 solution is higher than HCL. 
In the case of HCL acid attack, the calcium salt formed is soluble in water, leading to higher mass 
losses. On the other hand, in the case of sulfuric acid attack, the calcium salt formed is not soluble 
in water, getting deposited in the voids and causing internal stresses leading to disruption and 
strength loss of the matrix. 
A characteristic whitish appearance is the indication of sulphate attack. The term sulphate attack 
denote an increase in the volume of cement paste in concrete or mortar due to the chemical action 
between the products of hydration of cement and solution containing sulphates. Because of the 
increase in volume of the solid phase gradual disintegration of concrete takes place. The 
deteriorating effect usually starts at the surface and corners and progressively enters into the 
concrete by causing scaling and spalling and finally reduces the concrete to a friable mass. 
In specimens exposed to Na2SO4, the surface is more brittle and porous but no deterioration is 
observed on the surface. MgSO4 formed a hard dense skin on concrete due to the deposition of 
magnesium hydroxide in the pores. The strength of the specimens exposed to solution of sodium 
sulphate was found to be higher in the initial stages of hydration. The increase in values of pH and 
conductivity of sodium sulphate solution has resulted in increased strength at all ages of exposure. 
The attack of sodium sulfate on concrete is due to two principal reactions: the reaction of Na2SO4 
and Ca(OH)2 to form gypsum and the reaction of the formed gypsum with calcium aluminate 
hydrates to form ettringite.  
Magnesium Sulphate also forms gypsum and ettringite like Na2SO4 , in addition to that it reacts 
with all cement compounds, including Calcium Silicate Hydrates [C-S-H]. The Magnesium 
Hydroxide, which is formed due to reaction between MgSO4 and Ca(OH)2, reacts with C-S-H gel 
to form Magnesium Silicate Hydrate [M-S-H], being a soft material and affects the strength and 
durability of concrete. Failure by expansion of concrete in the presence of Sulphate is due to the 
formation of Ettringite. So specimens soaked in magnesium sulfates experienced weight gain and 
expansion due to ettringate. The formation of unstable ettringite in Na2SO4 and MgSO4 causes the 
concrete matrix to be more porous and susceptible to the sulphate attack through the capillary 
pores. The Magnesium Sulphate environment is more severe than Sodium Sulphate environment 
because it reacts with C-S-H gel and disintegrates it reducing the compressive strength drastically. 
So it can be confirmed that metakaolin blended binary, ternary and quaternary SCC mixes of all 
grades exhibit improved resistance to acids and sulphates due to its enhanced pore structure. This 
might account for the lower permeability and improved durability of concrete containing 
metakaolin (MK). In the microstructure of metakaolin (MK) blended SCC mixes pores are 
modified resulting in longer paths and smaller pore diameters. The resistance of metakaolin based 
quaternary blended SCC mix to chemical attack is mainly due to its improved microstructure 
which is dense, impermeable and highly alkaline in nature. 
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10.4 Seawater Resistance 

Sea water is a complex solution of many salts containing living matter, suspended silt, dissolved 
gases and decaying organic material. The average salt concentration of sea water is about 3.5% 
although it varies from sea to sea depending upon geological location. Seawater containing up to 
35,000 ppm of dissolved salts is generally suitable as mixing water for concrete not containing 
steel. About 78% of the salt is sodium chloride, and 15% is chloride and sulfate of magnesium. 
Sodium or potassium in salts present in seawater used for mix water can aggravate alkali-aggregate 
reactivity. Thus, seawater should not be used as mix water for concrete with potentially alkali-
reactive aggregates. Calcium chloro-aluminate hydrate (3CaO.Ab03.CaCb.l0H20), also known as 
Friedel's salt, is an important phase formed during the exposure of concrete to seawater.  
In the present investigation, to study the effect of marine environment in terms of loss of 
compressive strength and loss of weight of ordinary grade (M20), standard grade (M40) and high 
strength grade (M80 and M100) of binary, ternary and quaternary blended Self-Compacting 
Concrete (SCC) mixes made with optimum proportions of Fly Ash (FA), Microsilica (MS) and 
Metakaolin (MK) combination. The amounts of salts in Table 4.6 were dissolved in plain water to 
prepare 1000gm of sea water of 1N concentration. Cubes of 100 x 100mm size were weighed and 
immersed in water diluted with composition of sea water prepared in the laboratory as per ASTM 
D1141 for 90 days continuously and then the cubes were taken out and weighed.  The damage, 
expressed as percentage loss in strength is calculated as follows: 

Damage (D) = (1-(fs/fw)) * 100 
Where, fs = the average compressive strength in MPa of three specimens cured in salt solution; fw 
= the average compressive strength in MPa of three specimens cured in water.  
 

Table 66- Composition of artificial sea water as per ASTM D1141 

Composition Concentration, g/lit 
Sodium chloride 24.53 

Magnesium chloride 5.2 
Sodium sulphate 4.09 
Calcium chloride 1.16 

Potassium chloride 0.695 
 
The table 70 and 71 shows the Compressive strengths, Weights, percentage loss of compressive 
strength and percentage weight loss of optimally blended binary, ternary and quaternary SCC 
mixes of ordinary grade (M20), standard grade (M40) and high strength grade (M80 and M100) 
made with Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) at 30 and 60 days of exposure 
to seawater. 
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Table 70 - Compressive strengths and Weights of various grades of SCC specimens exposed 
to sea water 

Grade of SCC Combinations 

Compressive Strength(MPa) Weights (kg) 

Days of Immersion Days of Immersion 

0* 30 60 0* 30 60 

M20 

C100 29.22 26.38 21.34 2.54 2.42 2.30 

C50+FA50 33.21 30.71 26.38 2.54 2.44 2.32 

C80+MS20 29.89 27.11 22.21 2.54 2.45 2.33 

C75+MK25 31.29 28.64 23.99 2.54 2.46 2.34 

C35+FA50+MS15 35.67 33.34 29.35 2.54 2.49 2.37 

C25+FA60+MK15 37.81 35.61 31.88 2.54 2.50 2.38 

M40 

C100 48.72 47.02 44.19 2.55 2.44 2.32 

C60+FA40 52.71 51.14 48.53 2.55 2.46 2.34 

C85+MS15 49.39 47.71 44.92 2.55 2.47 2.35 

C80+MK20 50.79 49.16 46.45 2.55 2.48 2.36 

C50+FA40+MS10 55.17 53.67 51.19 2.55 2.51 2.38 

C35+FA50+MK15 57.31 55.86 53.48 2.55 2.53 2.40 

M80 
C85+MS15 91.89 90.99 89.52 2.55 2.47 2.35 

C65+FA20+MS15 97.67 96.82 95.45 2.55 2.52 2.39 
C50+FA30+MS10+MK10 99.81 98.98 97.63 2.55 2.54 2.41 

M100 

C90+MS10 117.39 116.68 115.54 2.55 2.47 2.35 

C70+FA20+MS10 123.17 122.50 121.41 2.55 2.52 2.39 

C55+FA25+MS10+MK10 125.31 124.65 123.58 2.55 2.55 2.42 

* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as
the reference compressive strength and initial weight, after 28 days curing, before the immersion
into the acids.
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Table 71 - % loss of Compressive strengths and % loss of Weights of various grades of SCC 
specimens exposed to sea water 

Grade of SCC Combinations 
Compressive Strength(MPa) Weights (kg) 

Days of Immersion Days of Immersion 
0* 30 60 0* 30 60 

M20 

C100 - 9.72 26.98 - 4.72 9.45 
C50+FA50 - 7.53 20.57 - 3.94 8.66 
C80+MS20 - 9.29 25.70 - 3.54 8.27 
C75+MK25 - 8.48 23.32 - 3.15 7.87 

C35+FA50+MS15 - 6.52 17.71 - 1.97 6.69 
C25+FA60+MK15 - 5.81 15.68 - 1.57 6.30 

M40 

C100 - 3.50 9.30 - 4.31 9.02 
C60+FA40 - 2.99 7.92 - 3.53 8.24 
C85+MS15 - 3.40 9.05 - 3.14 7.84 
C80+MK20 - 3.22 8.54 - 2.75 7.45 

C50+FA40+MS10 - 2.73 7.22 - 1.57 6.67 
C35+FA50+MK15 - 2.53 6.68 - 0.78 5.88 

M80 
C85+MS15 - 0.98 2.57 - 3.14 7.84 

C65+FA20+MS15 - 0.87 2.28 - 1.18 6.27 
C50+FA30+MS10+MK10 - 0.83 2.18 - 0.39 5.49 

M100 
C90+MS10 - 0.60 1.57 - 4.72 9.45 

C70+FA20+MS10 - 0.55 1.43 - 3.94 8.66 
C55+FA25+MS10+MK10 - 0.53 1.38 - 3.54 8.27 

* Compressive strength and weights of concrete specimens at ‘0’ days of Immersion is taken as 
the reference compressive strength and initial weight, after 28 days curing, before the immersion 
into the acids. 
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Fig 40- Variation of % loss of Compressive Strength of various grades of SCC specimens 
exposed to different concentrations of various acids

Fig 41-Variation of % loss of Weight of various grades of SCC specimens exposed to 
different concentrations of various acids
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From the results it has been observed that Metakaolin (MK) based optimally blended binary, 
ternary and quaternary SCC mixes of ordinary grade (M20), standard grade (M40) and high 
strength grade (M80 and M100) were less attacked by sea water and are more durable. The 
percentage loss of weights and percentage loss of compressive strengths of Metakaolin (MK) based 
SCC mixes of various grades in sea water are less. Blended SCC mixes are more impermeable to 
attack by sea water. In a marine environment, chloride ion and sulfate ion penetrating into the 
concrete from sea water forming calcium chloroaluminate (Friedels Salt) and calcium 
sulphoaluminate (Ettringite). These products will occupy a greater volume after crystallization in 
the pores of concrete than the compounds they replace disrupting the integrity of concrete reducing 
the compressive strength considerably. The formation of gypsum hydrate causes an increase in 
volume of concrete. This effect is not observed in blended SCC mixes because of dense pore 
structure and less porosity. 
Metakaolin (MK) based blended SCC mixes exhibits better resistance to sea water attack than any 
other SCM based SCC due to enhanced pore refinement in the microstructure of concrete and 
reduction of the interconnectivity of the pore structure by decreasing the pore size (pores 
refinement), which is directly related to durability.  

10.5 Water Absorption Capacity and Porosity 

The objective of this study is to determine the total water absorption capacity and measure the 
volume of voids present in ordinary grade (M20), standard grade (M40) and high strength grade 
(M80 and M100) of binary, ternary and quaternary blended Self-Compacting Concrete (SCC) 
mixes made with optimum proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) 
combination, as per ASTM C642-13. The total quantity of water absorbed is related to the total 
open porosity, while the kinetics of the process depends principally on the distribution of the pore 
sizes. This test also measures the capillary rise of water, the most common form of liquid water 
migration into concrete which is inversely proportional to the diameter of the pores. The smaller 
the diameter of the pores, the greater will be the capillary absorption. Absorption is the capacity 
of a sample to hold water while capillary is the rate at which the water fills the sample.    

Concrete cube samples of size 100 x 100 x 100 mm are casted and cured for 28 days for 
testing. Wash the samples in the de-ionized water before beginning this test in order to eliminate 
powdered material from the surface. Dry the samples in the oven for 24 hours at 60°C and record 
their weights. Repeat the drying process until the mass of the each sample is constant, that is, until 
the difference between 2 successive measurements, at an interval of 24 hours, is no more than 
0.1% of the mass of the sample. Once the samples have been completely dried and the constant 
mass is recorded (mo), place them in a container or beaker, on a base of glass rods and slowly cover 
with de-ionized water until they are totally immersed with about 2 cm of water above them. At 
programmed intervals of time, take each sample out of the container, blot it quickly with a damp 
cloth to remove surface water, and then record the mass of the wet samples (mi) and the time of 
measurement on the data sheet. Re-immerse the samples in water and continue measuring until the 
difference in weight between 2 successive measurements at 24-hour intervals is less than 1% of 
the amount of water absorbed. At this point, take the samples out of the water and dry them again 
in an oven at 60°C until they have reached constant mass (as above). Record this value (md) on the 
data sheet. At each interval, the quantity of water absorbed with respect to the mass of the dry 
sample is expressed as: 

Mi% = 100 x (mi - mo)/mo 
Where mi = weight (kg) of the wet sample at time ti; mo = weight (kg) of the dry sample. 
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Record these values on a data sheet and on a graph as a function of time. The length of the intervals 
during the first 24 hours depends on the absorption characteristics of the materials. Concrete 
samples should be weighed a few minutes after immersion, and then at increasing intervals (15 
min, 30 min, 1 hour, etc.) for the first 3 hours. All samples should then be weighed 8 hours after 
the beginning of the test and then at 24- hour intervals until the quantity of water absorbed in two 
successive measurements is not more than 1% of the total mass. 

For measuring the water absorption capacity and volume of permeable voids, a balance, 
water bath, and container suitable for immersing the specimen are needed for performing the test. 
After the 100x100x100 mm cube samples were cured for 28 days, three samples were put into an 
oven at 60° C for 24 hours. The dried samples were taken from the oven and allowed to cool for 
about 30 minutes. The samples were then weighed (Ma) using a balance with an accuracy within 
0.01 grams. The samples were submerged in the water tank for 24 hours. After 24 hours, the 
samples were removed from the water tank and their surface was dried with a paper towel to obtain 
a saturated surface dry (SSD) condition. The weight (Mb) of the SSD samples was measured. In 
the next step, the samples were put into a water bath with boiling water for 5 hours. Then the 
samples were removed from the boiling water and left to cool for 12 hours. Then weights of the 
samples were measured (Mc). On the same day, the apparent weight of each sample (Md) was 
measured by immersing the samples in the water using a hanging balance. Using the measured 
weights (Ma to Md) and the equations from the ASTM C642 standard test, the following parameters 
are obtained. 

Water Absorption Capacity (WAC) = [(Mb-Ma)/ Ma] x 100 
Bulk density = g1 = [(Ma)/ Mc- Md]x  
Apparant density =g2 =   [(Ma)/ Ma- Md]x   
Volume of permeable voids (VPV) =   [(g2 - g1)/ g2] x 100           

where: Ma = mass of oven-dried sample in air, kg; Mb = mass of surface-dry sample in air after 
immersion, kg ; Mc = mass of surface-dry sample in air after immersion and boiling, kg; Md = 
apparent mass of sample suspended in water, kg ; g1 = dry bulk density (kg/m3) ; g2 = apparent 
density (kg/m3) ; = density of water (1000 kg/m3) 
Finally total porosity ‘P’ or percentage of interconnected pore space was calculated using the 
formula given below 

Total porosity = (Vv/V) = (Wsat- Wdry) / w V 
Where, Vv = volume of voids in cc= Wsat- Wdry in grams;  V = total volume of specimen in cc = 
100 x 100 x100 mm3 ; Wdry and Wsat denote the weight of the dried and fully saturated samples, 
respectively and w the unit mass of water (1 g/cc). 
Porosity of concrete is usually determined by dividing the volume of voids of the sample by its 
bulk volume. Bulk volume of each sample is determined using the measured lengths and diameters 
of the samples. Volume of voids for each sample is determined by subtracting its grain volume 
(the volume of the solid portion of concrete excluding the volume of pores) from its bulk volume. 
Total porosity therefore considers both permeable and impermeable voids whereas apparent 
porosity considers only impermeable voids. 
The table 74 presents the measured weights of various grades of blended SCC specimens. Table 
75 presents the Volume of Permeable Voids (VPV) and Water Absorption Capacity (WAC) of 
various grades of blended SCC specimens 
Fig 42 shows the variation of True and Apparent Densities of various grades of SCC specimens 
and Fig 43 shows the variation of percentage of Volume of Permeable Voids (VPV) and Water 
Absorption Capacity (WAC) of various grades of SCC specimens. 
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Table 76 presents the porosity of various grades of blended SCC specimens. Fig 44 shows the 
variation of Porosity of various grades of SCC specimens  

Table 72- Durability Classification as per ASTM C 642 

Classification 
Water Absorption Capacity 

(% by weight) 

Excellent <5 

Good 5-6 

Normal 6-7 

Marginal 7-8 

Bad >8 

 
Table 74 - Measured Weights of various grades of blended SCC specimens 

Grade of SCC Mix No 
Mix Designation 

(Values indicate percentage 
by weight of Total Powder) 

Ma Mb Mc Md 

M20 

C1 C100 2.48 2.63 2.64 1.41 
B2 C50+FA50 2.49 2.59 2.61 1.44 
B7 C80+MS20 2.51 2.57 2.60 1.45 
B13 C75+MK25 2.55 2.62 2.64 1.46 
T3 C35+FA50+MS15 2.58 2.65 2.66 1.48 
T15 C25+FA60+MK15 2.60 2.65 2.66 1.49 

M40 

C1 C100 2.49 2.63 2.64 1.43 
B1 C60+FA40 2.50 2.59 2.61 1.44 
B5 C85+MS15 2.51 2.58 2.59 1.46 
B10 C80+MK20 2.55 2.61 2.63 1.46 
T5 C50+FA40+MS10 2.58 2.63 2.66 1.47 
T9 C35+FA50+MK15 2.59 2.63 2.65 1.49 

M80 
B2 C95+MS5 2.51 2.58 2.59 1.45 
T3 C65+FA20+MS15 2.59 2.64 2.65 1.5 

Q11 C50+FA28+MS11+MK11 2.63 2.67 2.69 1.51 

M100 
B2 C90+MS10 2.53 2.56 2.57 1.46 
T2 C71+FA19+MS10 2.55 2.57 2.59 1.48 

Q11 C55+FA23+MS11+MK11 2.60 2.62 2.64 1.50 
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Table 75- Volume of Permeable Voids (VPV) and Water Absorption Capacity (WAC) of 
various grades of blended SCC specimens 

Grade 
of SCC 

Mix 
No 

Mix Designation 

(Values indicate percentage 
by weight of Total Powder) 

Bulk 
density  g1 

Apparant 
density g2 

Volume of 
permeable 

voids (VPV) 

Water 
Absorption 
Capacity 

(WAC) (%) 

M20 

C1 C100 2016.26 2317.76 13.01 6.05 

B2 C50+FA50 2128.21 2371.43 10.26 4.02 

B7 C80+MS20 2182.61 2367.92 7.83 2.39 

B13 C75+MK25 2161.02 2339.45 7.63 2.75 

T3 C35+FA50+MS15 2186.44 2345.45 6.78 2.71 

T15 C25+FA60+MK15 2222.22 2342.34 5.13 1.92 

M40 

C1 C100 2057.85 2349.06 12.40 5.62 

B1 C60+FA40 2136.75 2358.49 9.40 3.60 

B5 C85+MS15 2221.24 2390.48 7.08 2.79 

B10 C80+MK20 2179.49 2339.45 6.84 2.35 

T5 C50+FA40+MS10 2168.07 2324.32 6.72 1.94 

T9 C35+FA50+MK15 2232.76 2354.55 5.17 1.54 

M80 

B2 C95+MS5 2201.75 2367.92 7.02 2.79 

T3 C65+FA20+MS15 2252.17 2376.15 5.22 1.93 

Q11 C50+FA28+MS11+MK11 2228.81 2348.21 5.08 1.52 

M100 

B2 C90+MS10 2279.28 2364.49 3.60 1.19 

T2 C71+FA19+MS10 2297.30 2383.18 3.60 0.78 

Q11 C55+FA23+MS11+MK11 2280.70 2363.64 3.51 0.77 
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Fig 42- Variation of True and Apparent Densities of various grades of SCC specimens 

Fig 43- Variation of percentage of Volume of Permeable Voids (VPV) and Water 
Absorption Capacity (WAC) of various grades of SCC specimens
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Table 76 - Porosity of various grades of blended SCC specimens 

Grade of 
SCC Mix No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Mdry Msat Porosity, P 
% 

Decrease in 
Porosity 

M20 

C1 C100 2.48 2.63 15 - 
B2 C50+FA50 2.49 2.59 10 33.33 
B7 C80+MS20 2.51 2.57 6 60.00 
B13 C75+MK25 2.55 2.62 7 53.33 
T3 C35+FA50+MS15 2.58 2.65 7 53.33 

T15 C25+FA60+MK15 2.60 2.65 5 66.67 

M40 

C1 C100 2.49 2.63 14 - 
B1 C60+FA40 2.50 2.59 9 35.71 
B5 C85+MS15 2.51 2.58 7 50.00 
B10 C80+MK20 2.55 2.61 6 57.14 
T5 C50+FA40+MS10 2.58 2.63 5 64.29 
T9 C35+FA50+MK15 2.59 2.63 4 71.43 

M80 
B2 C95+MS5 2.51 2.58 7 - 
T3 C65+FA20+MS15 2.59 2.64 5 28.57 

Q11 C50+FA28+MS11+MK11 2.63 2.67 4 42.86 

M100 
B2 C90+MS10 2.53 2.56 3 - 
T2 C71+FA19+MS10 2.55 2.57 2 33.33 

Q11 C55+FA23+MS11+MK11 2.60 2.62 2 33.33 
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Fig 44- Variation of Porosity of various grades of SCC specimens 

The total porosity of Metakaolin (MK) pastes was slightly higher than that of pure pastes, 
indicating that the Metakaolin (MK) increases the volume of fine capillary and gel pores while 
decreasing the volume of coarser pores. So any other admixture finer than metakaolin (MK) could 
be added along with metakaolin (MK) for denser and stronger paste. So the present research work 
has focused on the reduction of total porosity in metakaolin (MK) pastes adding microsilica (MS).
Water Absorption Capacity of Metakaolin (MK) blended SCC decreases with the increase of 
Metakaolin (MK) content up to 25% due to the fact that Metakaolin (MK) is finer than OPC 
altering the pore structure of concrete. Till 20% replacement level of metakaolin (MK) water 
absorption capacity decreases, after 20% and till 30% replacement level it increases but lower than 
normal SCC mixes. Same observation is made in case of sorpitivity. Past research stated that 
cement pastes when added with metakaolin (MK) decreases the proportion of pores with diameter 
above about 0.1 m. There is a corresponding increase in the proportion of pores with diameters 
below about 0.05 m – that is, the average pore diameter is reduced (refined). 
Blended SCC mixes showed significantly less water absorption capacity. This decrease in water 
absorption capacity of all grades of blended SCC mixes is attributed to the reduction of pores in 
the concrete. Water Absorption Capacity (WAC) of blended SCC mixes is reduced by nearly 50 
to 75% for low to high grade concretes due to modified pore structure of the cement –sand matrix 
by microsilica (MS) and metakaolin (MK). The absorption characteristics indirectly represent the 
volume of pores and their connectivity. Porosity of SCC mixes is reduced by nearly 15 - 30% in 
binary, ternary and quaternary blends. The possible reason for this is that as multiple SCMs are 
blended suitably pores are reduced consequently the average pore radius of SCC mixes are 
reduced. This means that the time taken for the water to rise by capillary action in blended SCC 
mixes is longer and thus proved that these ternary and quaternary blended SCC mixes are less 
porous compared to the conventional SCC mix. The rate of water absorbed into concrete through 
the pores gives important information about the microstructure and permeability characteristics of 
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concrete. Volume of permeable voids present in blended SCC mixes is less by 25 % than in 
conventional SCC. It can concluded that all grades of blended SCC mixes have less water 
absorption capacity which indicates the presence of less volume of permeable voids. Water 
Absorption Capacity (WAC) of blended SCC mixes is reduced inferring the reduced extent of 
volume of pores and their connectivity in blended SCC mixes.  Volume of permeable pores (VPV) 
of blended SCC mixes are reduced due to reduction in average pore radius of concrete by inducing 
pore discontinuity in the hydrated cement paste by SCMs.  

10.6 Sorptivity 

The objective of this study is to determine the sorptivity of ordinary grade (M20), standard grade 
(M40) and high strength grade (M80 and M100) of binary, ternary and quaternary blended Self-
Compacting Concrete (SCC) mixes made with optimum proportions of Fly Ash (FA), Microsilica 
(MS) and Metakaolin (MK) combination, as per ASTM C1585. Sorptivity measures the rate of 
penetration of water into the pores in concrete by capillary suction. It is also a measure of the 
capillary forces exerted by the pore structure causing fluids to be drawn in to the body of the 
material. It provides a relative measure that combines pore size diameter and number of pores 
present. The depth of water absorbed into concrete increases linearly with respect to the square 
root of wetting time. In terminology, the sorptivity is the change in volume of water absorbed per 
unit area against the square root of time. Water absorption and sorptivity can suggest useful data 
regarding the pore structure of the concrete. 

Determining the sorptivity of a sample in the lab is a simple, low technology technique, all 
that is required, is a scale, a stopwatch and a shallow tub of water. The samples 100 x 50 mm size 
cylindrical specimens are preconditioned to a certain moisture condition, either by drying the 
sample for 7 days in a 50°C oven. The sides of the concrete sample are sealed, typically with 
electrician’s tape or by sealant while the suction face and the face opposite it were left unsealed. 
Cylindrical concrete specimens were placed on a filtered support (sponge) so that the water level 
was 10±1 mm above the inflow face as shown in Fig.45. The sample is immersed to a depth of 5-
10 mm in the water then the initial mass of the sample and time of start are recorded. The procedure 
of recording mass of the sample was repeated, consecutively, at various times such as 15 min, 30 
min, 1 hr, 2 hr, 4 hr, 6 hr, 24 hr, 48 hr and 72 hr. The gain in mass per unit area over the density of 
water (I) is plotted versus the square root of the elapsed time ( t). The slope of the line of best fit 
of these points (ignoring the origin) is reported as the sorptivity coefficient (k). The rate of water 
absorption or sorptivity (k), is the slope of I- t graph (m / min1/2  or kg/ m2 /  min). For one 
dimensional flow, it can be stated that (Hall, 1989): 

I = k x t 
Where k is sorptivity coefficient and I = W/(A x d)  

W = the amount of water absorbed in kg ; A= Area of the c/s of the specimen that is in contact 
with water (m2) ; d= density of the medium in which the specimen was dipped (1000 kg/m3 in 
case medium is water). 
Because of small initial surface tension and buoyancy effects, the relationship between cumulative 
water absorption (kg/m2) and square root of exposure time (t 0.5) shows deviation from linearity 
during first few minutes. Thus, for the calculation of sorptivity coefficient, only the section of the 
curves for exposure period from 15 min to 72 hrs, where the curves were consistently linear, was 
used for the calculation of sorptivity.  
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Fig 45- Experimental Setup for Sorptivity Test

The table 77 illustrates the gain in mass per unit area over the density of water ‘I’ (m) at regular 
intervals of time‘t’ (min). The plot is drawn between the gain in mass per unit area over the density 
of water (I) and  the square root of the elapsed time ( t). The slope of the line of best fit of these 
points is reported as the sorptivity coefficient (k). Table 78 and Fig 46 shows the sorptivity 
coefficient (k) of optimally blended binary, ternary and quaternary SCC mixes of ordinary grade 
(M20), standard grade (M40) and high strength grade (M80 and M100) made with Fly Ash (FA), 
Microsilica (MS) and Metakaolin (MK).
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Table 78 - Sorptivity Coefficients of optimally blended SCC specimens 

Grade of 
SCC Mix No 

Mix Designation 

(Values indicate percentage 
by weight of Total Powder) 

Sorptivity 
Coefficient (k) x 

10-3

m/min0.5

Percentage 
reduction 

M20 

C1 C100 0.126 - 

B2 C50+FA50 0.120 5 
B7 C80+MS20 0.114 10 

B13 C75+MK25 0.108 14 

T3 C35+FA50+MS15 0.103 18 

T15 C25+FA60+MK15 0.097 23 

M40 

C1 C100 0.092 - 

B1 C60+FA40 0.089 3 
B5 C85+MS15 0.084 9 

B10 C80+MK20 0.080 13 

T5 C50+FA40+MS10 0.076 17 

T9 C35+FA50+MK15 0.072 22 

M80 

B2 C95+MS5 0.071 - 

T3 C65+FA20+MS15 0.066 7 
Q11 C50+FA28+MS11+MK11 0.061 14 

M100 

B2 C90+MS10 0.054 - 

T2 C71+FA19+MS10 0.053 1 
Q11 C55+FA23+MS11+MK11 0.052 3 
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Fig 46 -Sorptivity Coefficients of of optimally blended SCC specimens

It is apparent that sorptivity decreases systematically for metakaolin (MK) blended SCC mixes 
than non- metakaolin (MK) blended SCC mixes for all grades. The sorptivity coefficients of 
metakaolin (MK) blended SCC mixes are low for all grades because the pores in the bulk paste or 
in the interfaces between aggregate and cement paste is filled efficiently hence, the capillary pores 
are reduced. Sorptivity values for metakaolin (MK) blended SCC mixes were in the range of 0.052 
to 0.1.08 mm/min0.5 and for non- metakaolin (MK) blended SCC mixes its value is in the range of 
0.53 to 0.126 mm/min0.5. The capillary absorption coefficient (k) is greatly influenced by the 
addition of metakaolin (MK) and micro silica (MS) combination to blended SCC mixes. The water 
absorption, capillary and porosity characteristics indirectly reflect the durability performance of 
the blended SCC mixes.
While volume of permeable voids (VPV) is a measure of number of voids, Sorptivity gives a 
measure of nominal pore radius. Blended SCC mixes of all grades gave the lower sorptivity and 
porosity values compared to the conventional SCC mix. This means that the time taken for the 
water to rise by capillary action in blended SCC mixes are longer and thus proved that these 
concrete are less porous compared to the conventional SCC. The decrease in capillary absorption 
coefficient (k) indicates the dense pore structure of blended SCC mixes due to enhanced 
microstructure of SCC.  
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11. GRANULATED BLAST FURNACE SLAG AS PARTIAL
FINE AGGREGATE REPLACEMENT 

The Granulated Blast Furnace Slag (GBFS) used in the present investigation was collected from 
JSW steel plant, district of Bellary. The tests on granulated blast furnace slag were carried out as 
per IS: 383-1970. Slag sand was of Zone II. Fineness Modulus=2.79, Specific gravity= 2.48, loose 
bulk density of 1.27 g/cc. The GBFS was tested for its physical requirements such as gradation, 
fineness modulus, specific gravity and bulk density in accordance with IS: 2386 – 1963 [Methods 
of test for aggregate for concrete]. GBFS has greater surface area than river sand. Even though 
both belong to zone –II which means that particle size distribution is almost same but GBFS is 
more porous than river sand so water absorption capacity of GBFS is more than river sand which 
effects the workability and compressive strength drastically. So in order to maintain workability 
and compressive strength while replacing river sand with GBFS, the percentage replacements 
should be optimally chosen for various grades. GBFS is reported to be innocuous in nature (no 
reactivity) and contain no deleterious materials so it can replace river sand by same amount without 
any changes to total volume ratio of fine aggregate. But being porous in nature, percentage 
replacement of total fine aggregate varies for different grades of SCC mixes. So it required to use 
sand finer than GBFS to improve its porous structure. Workability is reduced in SCC mixes made 
with partial replacement of GBFS as fine aggregate. This loss of flow can be compensated by 
adding suitable percentage of super plasticizer. It is observed that density of SCC made with GBFS 
is less than that made with river sand. 
This phase discusses the use of GBFS as partial fine aggregate replacement in the development of 
ordinary grade (M20), standard grade (M40) and  high strength grade (M80 and M100) of binary, 
ternary and quaternary blended Self-Compacting Concrete (SCC) mixes made with optimum 
proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) combination. The mix 
proportioning adopted are same optimum quantities, as that of various grades of SCC mixes made 
with river sand. Flow properties are determined to ascertain that EFNARC Guidelines are satisfied. 
For the above optimized combinations of pozzolans in binary, ternary and quaternary blended SCC 
mixes, percentage replacement level of GBFS for different grades are optimized here based on 
satisfaction of EFNARC flow properties and desired strength property. Hardened properties such 
as Compressive strength as per IS: 516 – 1969, split –tensile strength as per IS: 5816 – 1999, 
flexural strength as per IS: 516, Impact strength and stress-strain behaviour are evaluated. 
Durability properties such as water absorption capacity, porosity, sorptivity test, chloride ion 
penetration resistance, acid attack resistance, sulphate attack resistance, sea water attack resistance 
at  28, 60 and 90 days were determined by conducting detailed laboratory investigations on 
ordinary grade (M20) , standard grade (M40) and  high strength grade (M80 and M100) of binary, 
ternary and quaternary blended Self- Compacting Concrete (SCC) made with optimum proportions 
of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) combination. 

11.0 Optimum proportions of GBFS of blended SCC mixes 
For optimized proportions of Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in binary, 
ternary and quaternary blended SCC mixes of ordinary grade (M20), standard grade (M40) and 
high strength grade (M80 and M100), river sand is partially replaced with various percentages of 
GBFS to determine the optimum percentage level of GBFS to be used as fine aggregate 
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replacement. Table 79 presents the compressive strength values of optimally blended binary, 
ternary and quaternary blended SCC mixes of ordinary grade (M20), standard grade (M40) and 
high strength grade (M80 and M100) made with various percentages of GBFS as fine aggregate 
replacement. The optimum percentage replacements of GBFS for various blended SCC mixes are 
adopted based on fulfilment of EFNARC flow specifications and on realization of desired strength. 
The proportions of SCMs adopted are same optimum quantities, as that of various grades of 
blended SCC mixes made with river sand. Flow properties are determined to ascertain that 
EFNARC Guidelines are satisfied. Hardened properties such as Compressive strength as per IS: 
516 – 1969, split –tensile strength as per IS: 5816 – 1999, flexural strength as per IS: 516 and 
impact strengths are evaluated for optimally blended binary, ternary and quaternary SCC mixes 
made with optimum percentage of GBFS as fine aggregate replacement. All the test procedures 
are similar to that of those adopted in development of various grades of binary, ternary and 
quaternary blended SCC mixes made with river sand. 
Table 80 and Fig 48 shows the Optimum percentage replacement of River Sand with GBFS for 
various grades of optimally blended binary, ternary and quaternary SCC mixes of ordinary grade 
(M20), standard grade (M40) and high strength grade (M80 and M100). 
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Table 80 - Optimum percentage replacement of River Sand with GBFS for various grades 
of blended SCC mixes 

Grade of 
SCC Mix Mix No Mix Designation 

(Values indicate percentage by weight of ‘P’ 

Optimum Percentage 
Replacement of   

River  Sand with GBFS 

M20 

C1-G C100+GBFS50 50 
B2-G C50+FA50+GBFS60 60 
B7-G C80+MS20+GBFS60 60 
B13-G C75+MK25+GBFS60 60 
T3-G C35+FA50+MS15+GBFS60 60 

T15-G C25+FA60+MK15+GBFS70 70 

M40 

C1-G C100+GBFS40 40 
B1-G C60+FA40+GBFS50 50 
B5-G C85+MS15+GBFS50 50 
B10-G C80+MK20+GBFS50 50 
T5-G C50+FA40+MS10+GBFS50 50 
T9-G C35+FA50+MK15+GBFS60 60 

M80 
B2-G C95+MS5+GBFS20 20 
T3-G C65+FA20+MS15+GBFS20 20 

Q11-G C50+FA28+MS11+MK11+GBFS30 30 

M100 
B2-G C90+MS10+GBFS20 20 
T2-G C71+FA19+MS10+GBFS20 20 

Q11-G C55+FA23+MS11+MK11+GBFS30 30 
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Fig 48 -Optimum percentage replacement of River Sand with GBFS 
for various grades of blended SCC mixes

The strength of concrete was detrimentally affected if the replacement ratio was beyond 70% for 
ordinary grade (M20), 60% for standard grade M40 and 30% for high strength grade (M80 and 
M100). It is established that the main reason for the strength reduction in SCC mixes made with 
GBFS is the formation of a porous concrete structure if used beyond certain percentage. With 
GBFS alone, it is difficult to obtain proper compaction due to voids. Thus river sand up to strength 
requirement can be utilized. Moreover, an increase trend in water absorption capacity was 
observed, for all grades considered, beyond an optimum replacement level. With increase of grade, 
powder content increases making the paste more dense which reduces the porosity in the SCC 
made with GBFS. Due to which the replacement levels decreases as grade increases to maintain 
the similar workability and compressive strength of SCC made with river sand.
Even though GBFS is finer than river sand, percentage passing through 600 microns is more in 
river sand than in GBFS which means than in GBFS sand particle size greater than 600 micros are 
more. It is observed that percentage retained on 600 microns sieve in GBFS is almost 59% where 
as in river sand only 50% is retained. Out of remaining 41% of GBFS sand particles 33.3% is 
retained on 300 microns sieve whereas 42.2% of river sand is retained on 300 microns. This 
indicates the GBFS used in the investigation is little finer than river sand, though it conforms to 
Zone –II.
GBFS/river sand ratio governs the porosity of the matrix, this porous structure causes negative 
effect on the strength of the concrete. Compressive strength in blended SCC increases till 70% 
replacement of river sand with GBFS for ordinary grade (M20), 60% replacement for standard 
grade M40 and only 30% replacement of GBFS is acceptable for high strength grade (M80 and 
M100). This outcome highlights the significance of presence of particle size between 300 to 
600microns. GBFS/ river sand ratio should be arranged in such a way that the reduction of 
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compressive strength is within allowable limits. So GBFS/ river sand ratio is the governing criteria 
on the strength characteristics of blended SCC made with partial replacement of GBFS as fine 
aggregate.  
Increase of strength in Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) blended binary, 
ternary and quaternary SCC mixes made with partial replacement of GBFS as fine aggregate is 
mainly attributed to its shape, size and surface texture of GBFS sand particles, which provide better 
adhesion between the particles and cement matrix. Also the GBFS is less expensive than river 
sand. The amount of mixing water used in GBFS SCC mixes is important because of the high 
water absorption by the GBFS. 
 
11.1 Strength Properties 
Table 81 presents the compressive strength, split-tensile strength and flexural strengths of various 
grades of optimally blended Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in binary, 
ternary and quaternary SCC mixes made with partial replacement of GBFS as fine aggregate. Table 
82 presents impact strengths of various grades of optimally blended SCC mixes made with 
optimum percentage replacement of River Sand with GBFS. Impact strength is evaluated in terms 
of (1) number of blows taken for first crack and for ultimate failure, (2)   energy consumed in 
joules for first crack and for ultimate failure and (3) in terms of ductility index. 
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Fig 49 to 52 shows variation of compressive, split-tensile, flexural and impact strengths of various 
grades of blended SCC mixes made with optimum percentage of GBFS as fine aggregate 
replacement

Fig 49- Variation of compressive strengths of various grades of blended SCC mixes made 
with optimum percentage of GBFS as fine aggregate replacement
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Fig 50- Variation of split tensile strengths of various grades of blended SCC mixes made with 
optimum percentage of GBFS as fine aggregate replacement

Fig 51- Variation of flexural strengths of various grades of blended SCC mixes made with 
optimum percentage of GBFS as fine aggregate replacement
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Fig 52- Variation of impact strength parameters of various grades of blended SCC mixes 
made with optimum percentage of GBFS as fine aggregate replacement

It is also observed that the workability decreases as the percentage of GGBS increases and for 
higher percentages of river sand replacement by GBFS the flow decreases substantially. The 
workability can be increased by adding suitable dosage of chemical admixture such as super 
plasticizer. The drop  in  workability could be attributed  to porous and  rough surface of GBFS 
aggregate which can be improved  in  higher  grade  of  concrete  due  to  availability  of  high 
finer  contents.
The compressive strength, split-tensile strength, flexural strengths and impact strengths of various 
grades of optimally blended Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in binary, 
ternary and quaternary SCC mixes made with partial optimal replacement of GBFS as fine 
aggregate are almost equal to that of binary, ternary and quaternary SCC mixes made with river 
sand as fine aggregate. GBFS/river sand ratio governs the porosity of the matrix, this porous 
structure causes negative effect on the strength of the concrete. So it can be concluded that if the 
river sand is replaced with optimum percentage of GBFS in blended SCC mixes, similar 
performance in terms of strength as that of blended SCC mixes made river sand can be achieved. 
The high compactness achieved by adding GBFS in suitable proportions provides gains of 
strength.  The compressive strength of blended SCC mixes increases with increase in GBFS 
percentage up to a certain percentage and after that it decrease following a Gaussian Model. The 
improvement in strength may be due to shape, size and surface texture of GBFS aggregates, which 
provide better adhesion between the particles and cement matrix. 
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11.2 Non-Destructive Evaluation  
 
The main objective of this experimental investigations is to assess the quality, integrity of micro 
structure of optimally blended binary, ternary and quaternary blended SCC mixes of ordinary 
grade (M20), standard grade (M40) and high strength grade (M80 and M100) made with optimum 
percentages of GBFS as fine aggregate replacement, using Rebound hammer test and Ultrasonic 
pulse velocity measurements.  The results of the investigations are tabulated in Table 5.79. Mean 
rebound values and mean ultrasonic pulse velocities (USPV) are measured to understand the 
quality, integrity and strength of multi-blended SCC mixes made with optimum percentages of 
GBFS as fine aggregate replacement. The Table 83 lists the mean rebound values, mean pulse 
velocity values and their estimated compressive strengths of various grades of optimally blended 
SCC mixes made with optimum percentages of GBFS as fine aggregate replacement. 
Fig 53 and Fig 54 shows Rebound numbers and USPV values for optimized blended SCC mixes 
of various grades 
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Fig 53- Rebound numbers for optimized SCC mixes of various grades of blended SCC mixes 
made with optimum percentage of GBFS as fine aggregate replacement

Fig 54- USPV values for optimized SCC mixes of various grades of blended SCC mixes made 
with optimum percentage of GBFS as fine aggregate replacement
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It was found that the rebound hammer and ultra-sonic pulse velocity properties of the dense 
microstructure of an optimally blended Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in 
binary, ternary and quaternary SCC mixes made with partial optimal replacement of GBFS as fine 
aggregate are almost equivalent to that of binary, ternary and quaternary SCC mixes made with 
river sand as fine aggregate. The percentage of optimal replacement levels of GBFS varies with 
the grade of the SCC mixes. 
 
11.3 Stress-Strain Behavior 
The aim of this study is to determine experimentally the stress-strain behavior of optimally blended 
binary, ternary and quaternary blended SCC mixes of ordinary grade (M20), standard grade (M40) 
and high strength grade (M80 and M100) made with optimum percentages of GBFS as fine 
aggregate replacement. 
Table 5.80 to 5.82 and Fig 5.52 to 5.55 presents stress-strain values and curves respectively of 
optimally blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength 
grade (M80 and M100) made with optimum percentages of GBFS as fine aggregate replacement. 
Peak stress values and their corresponding strains of optimally blended binary, ternary and 
quaternary blended SCC mixes of ordinary grade (M20), standard grade (M40) and high strength 
grade (M80 and M100) made with optimum percentages of GBFS as fine aggregate replacement 
are presented in Table 5.83. 
 
11.4 Modulus of Elasticity 
From the plotted Stress-Strain curves, modulus of elasticity and modulus of toughness for 
optimally blended binary, ternary and quaternary blended SCC mixes of ordinary grade (M20), 
standard grade (M40) and high strength grade (M80 and M100) made with optimum percentages 
of GBFS as fine aggregate replacement can be calculated. Modulus of Toughness and Modulus of 
Elasticity values of optimally blended binary, ternary and quaternary blended SCC mixes of 
ordinary grade (M20), standard grade (M40) and high strength grade (M80 and M100) made with 
optimum percentages of GBFS as fine aggregate replacement are shown in Table 5.84 and Fig 
5.56. It was found that the elastic behaviour and energy absorption capacity of an optimally 
blended Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in binary, ternary and quaternary 
SCC mixes made with partial optimal replacement of GBFS as fine aggregate are almost alike as 
that of binary, ternary and quaternary SCC mixes made with river sand as fine aggregate. The 
percentage of optimal replacement levels of GBFS varies with the grade of the SCC mixes. 
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Fig 55 - Stress - Strain curve for ordinary grade M20 blended SCC mixes made with GBFS 
as partial replacement of River Sand 
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Fig 56 - Stress - Strain curve for standard grade M40 blended SCC mixes made with GBFS 

as partial replacement of River Sand 
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Fig 57- Stress - Strain curve for high strength M80 blended SCC mixes made with GBFS as 
partial replacement of River Sand 

 

 
 
Fig 58 - Stress - Strain curve for high strength M100 blended SCC mixes made with GBFS 

as partial replacement of River Sand 
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Table 88 -Modulus of Elasticity ‘Ec’ blended SCC mixes 
made with GBFS as partial replacement of River Sand

Grade 
of SCC 

Mix
Mix No

Mix Designation
(Values indicate percentage
by weight of Total Powder)

Optimum Percentage 
Replacement of  River 

Sand with GBFS

Secant 
Modulus Of 

Elasticity (MPa)
Ec

M20

C1-G C100+GBFS50 50 21113
B2-G C50+FA50+GBFS60 60 21150
B7-G C80+MS20+GBFS60 60 22643

B13-G C75+MK25+GBFS60 60 21729
T3-G C35+FA50+MS15+GBFS60 60 22700
T15-G C25+FA60+MK15+GBFS70 70 23817

M40

C1-G C100+GBFS50 50 31743
B1-G C50+FA50+GBFS60 60 32114
B5-G C80+MS20+GBFS60 60 34683

B10-G C75+MK25+GBFS60 60 35300
T5-G C35+FA50+MS15+GBFS60 60 37243
T9-G C25+FA60+MK15+GBFS70 70 41600

M80
B2-G C95+MS5+GBFS20 20 47363
T3-G C65+FA20+MS15+GBFS20 20 47129

Q11-G C50+FA28+MS11+MK11+GBFS30 30 47800

M100
B2-G C90+MS10+GBFS20 20 51563
T2-G C71+FA19+MS10+GBFS20 20 51611

Q11-G C55+FA23+MS11+MK11+GBFS30 30 57914

Fig 59- Modulus of Elasticity for optimized SCC mixes of various grades of blended SCC 
mixes made with optimum percentage of GBFS as fine aggregate replacement
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It was found that the stress at peak strains and modulus of elasticity values of an optimally blended 
Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in binary, ternary and quaternary SCC 
mixes made with partial optimal replacement of GBFS as fine aggregate are almost comparable as 
that of binary, ternary and quaternary SCC mixes made with river sand as fine aggregate. The 
percentage of optimal replacement levels of GBFS varies with the grade of the SCC mixes. 

11.5 Rapid Chloride Permeability Test 
The chloride resistance of concrete is governed primarily by the pore structure and the concrete 
diffusivity. The objective of the present experimental investigations is to determine the chloride 
penetration resistance of optimally blended binary, ternary and quaternary blended SCC mixes of 
ordinary grade (M20), standard grade (M40) and high strength grade (M80 and M100) made with 
optimum percentages of GBFS as fine aggregate replacement at 28, 60 and 90 days through the 
rapid chloride permeability test.  
The total charge passed in coulombs is determined and values are used to rate the quality of the 
concrete according to the criteria rating mentioned in the ASTM C1202 as shown in Table 89 and 
Fig 60. Rapid chloride ion penetrability tests was conducted on all grades of optimally blended 
SCC mixes made with optimum percentages of GBFS as fine aggregate replacement of 28, 60 and 
90 days to determine the total charge passed based on which chloride ion permeability can be 
estimated.  
It was found that the chloride ion resistance of an optimally blended Fly Ash (FA), Microsilica 
(MS) and Metakaolin (MK) in binary, ternary and quaternary SCC mixes made with partial optimal 
replacement of GBFS as fine aggregate are approximately analogous as that of binary, ternary and 
quaternary SCC mixes made with river sand as fine aggregate. The percentage of optimal 
replacement levels of GBFS varies with the grade of the SCC mixes. 
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Fig 60- Total charge passed in coulombs for optimized SCC mixes of various grades of 
blended SCC mixes made with optimum percentage of GBFS as fine aggregate replacement

11.6 Water Absorption Capacity and Porosity
The table 90 presents the measured weights of various grades of blended SCC specimens made 
with optimum percentage of GBFS as fine aggregate replacement. Table 91 presents the Volume 
of Permeable Voids (VPV) and Water Absorption Capacity (WAC) of various grades of blended 
SCC specimens made with optimum percentage of GBFS. Fig 61 shows the variation of True and 
Apparent Densities of various grades of SCC specimens made with optimum percentage of GBFS
and Fig 61 shows the variation of percentage of Volume of Permeable Voids (VPV) and Water 
Absorption Capacity (WAC) of various grades of SCC specimens made with optimum percentage 
of GBFS. Table 92 presents the porosity of various grades of blended SCC specimens made with 
optimum percentage of GBFS. Fig 62 shows the variation of Porosity of various grades of SCC 
specimens made with optimum percentage of GBFS. GBFS has greater surface area than river 
sand. Even though both belong to zone –II which means that particle size distribution is almost 
same but GBFS is more porous than river sand so water absorption capacity of GBFS is more than 
river sand which effects the workability and compressive strength drastically. So in order to 
maintain workability and compressive strength while replacing river sand with GBFS, the
percentage replacements should be optimally chosen for various grades. Use of metakaolin also 
improves the porous structure of SCC made with GBFS.
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Fig 61- Variation of True and Apparent Densities of optimized SCC mixes of various grades 
of blended SCC mixes made with optimum percentage of GBFS as fine aggregate 
replacement
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Fig 62- Variation of percentage of Volume of Permeable Voids (VPV) and Water Absorption 
Capacity (WAC) of optimized SCC mixes of various grades of blended SCC mixes made with 
optimum percentage of GBFS as fine aggregate replacement
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Table 92- Porosity of various grades of blended SCC specimens made with GBFS as partial 
replacement of River Sand 

Grade 
of SCC Mix No 

Mix Designation 
(Values indicate percentage 
by weight of Total Powder) 

Mdry Msat 
Porosity, P 

% 
Decrease in 

Porosity 

M20 

C1-G C100+GBFS50 2.48 2.63 15 - 
B2-G C50+FA50+GBFS60 2.49 2.59 10 33.33 
B7-G C80+MS20+GBFS60 2.51 2.57 6 60.00 

B13-G C75+MK25+GBFS60 2.55 2.62 7 53.33 
T3-G C35+FA50+MS15+GBFS60 2.58 2.65 7 53.33 
T15-G C25+FA60+MK15+GBFS70 2.60 2.65 5 66.67 

M40 

C1-G C100+GBFS50 2.49 2.63 14 - 
B1-G C50+FA50+GBFS60 2.50 2.59 9 35.71 
B5-G C80+MS20+GBFS60 2.51 2.58 7 50.00 

B10-G C75+MK25+GBFS60 2.55 2.61 6 57.14 
T5-G C35+FA50+MS15+GBFS60 2.58 2.63 5 64.29 
T9-G C25+FA60+MK15+GBFS70 2.59 2.63 4 71.43 

M80 
B2-G C95+MS5+GBFS20 2.51 2.58 7 - 
T3-G C65+FA20+MS15+GBFS20 2.59 2.64 5 28.57 

Q11-G C50+FA28+MS11+MK11+GBFS30 2.63 2.67 4 42.86 

M100 
B2-G C90+MS10+GBFS20 2.53 2.56 3 - 
T2-G C71+FA19+MS10+GBFS20 2.55 2.57 2 33.33 

Q11-G C55+FA23+MS11+MK11+GBFS30 2.60 2.62 2 33.33 

175



Fig 63- Variation of Porosity of optimized SCC mixes of various grades of blended SCC 
mixes made with optimum percentage of GBFS as fine aggregate replacement

It was found that the Water Absorption Capacity (WAC) and Volume of Permeable Voids of an 
optimally blended Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in binary, ternary and 
quaternary SCC mixes made with partial optimal replacement of GBFS as fine aggregate are 
enhanced than that of binary, ternary and quaternary SCC mixes made with river sand as fine 
aggregate. The percentage of optimal replacement levels of GBFS varies with the grade of the 
SCC mixes.
Based on the experimental investigations, the following observations are made on GBFS as fine 
aggregate replacement in optimally blended binary, ternary and quaternary blended SCC mixes of 
ordinary grade (M20), standard grade (M40) and high strength grade (M80 and M100).

1. GBFS has greater surface area than river sand.
2. GBFS and River sand both belong to zone –II means particle size distribution is same but 

GBFS is more porous than river sand so water absorption capacity of GBFS is more than 
river sand which effects the workability and compressive strength drastically. So in order 
to maintain workability and compressive strength while replacing river sand with GBFS, 
the percentage replacements should be optimally chosen for various grades. 

3. GBFS is innocuous in nature (no reactivity), no deleterious materials are present in it so it 
can replace river sand by same amount without any changes to total volume ratio of fine 
aggregate. But being porous in nature , percentage replacements changes for different 
grades of concrete

4. The strength of concrete was detrimentally affected when the replacement ratio was beyond 
70% for M20, 60% for M40, 30% for M80 and 30% for M100. It is established that the 
main reason for the strength reduction in concrete is the formation of a porous concrete 
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structure. Moreover, an increase trend in water absorption capacity was observed for all 
grades. With increase of grade, powder content increases making the paste more dense 
which reduces the porosity in the concrete made with GBFS. Due to which the replacement 
levels decreases as grade increases to maintain the same workability and compressive 
strength of concrete made with river sand 

5. GBFS/river sand ratio governs the porosity of the matrix, this porous structure causes 
negative effect on the strength and durability of the blended SCC mixes 

6. GBFS/river sand ratio is the governing criteria for the effects of strength and durability 
characteristics improvement in strength may be due to shape, size and surface texture of 
slag aggregates, which provide better adhesion between the particles and cement matrix. 

7. The most important condition for use of GBFS is the requirement of using sand finer than 
GBFS then percentage replacements can be improved because concrete will not form 
porous structure. 

8. Workability is reduced in GBFS and reduction in workability can be compensated by 
adding suitable percentage of super plasticizer. 

9. Density of concrete made with GBFS is less than concrete with river sand 
10. From Visual Observations, it can be reported that GBFS is low density, porous and 

vesicular aggregate with particle shapes mainly angular, cubic and some are rod like. High 
vesicular nature’s particles are responsible for high density and high porosity.  The use of 
different industrial by-products shows prospective application in construction industry as 
an alternative to conventional materials. Such practice conserves natural resources and 
reduces the space required for the landfill disposal of these waste materials. Based on these 
findings it can be stated the GBFS can be used as a replacement to natural sand provided 
that if used judicially it can be the promising solutions towards sustainable infrastructure 
without compromising strength and economy. Hence, it could be recommended that GBFS 
aggregate could be effectively utilized as partial fine aggregate replacement in all blended 
SCC applications. 
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12.FINDINGS AND RECOMMENDATIONS

Based on the systematic and detailed experimental study conducted on ordinary grade (M20), 
standard grade (M40) and  high strength grade (M80 and M100) of binary , ternary and quaternary 
blended Self-Compacting Concrete (SCC) mixes made with fly ash (FA), microsilica (MS) and 
metakaolin (MK) with an aim to develop performance mixes, the following are the conclusions 
arrived. 
1. Metakaolin blended binary, ternary and quaternary Self-Compacting Concrete (SCC) mixes
attain early strengths due to its inherent faster reacting capability than microsilica (MS) blended
SCC mixes.
2. In ordinary grade (M20) and standard grade (M40) SCC mixes, metakaolin blended SCC mixes
showed superior performance in terms of rheology and strength than the microsilica blended binary
and ternary fly ash based SCC mixes.
3. In ternary blended ordinary grade (M20) SCC mixes, both optimally blended
35%OPC+50%FA+15%MS and 25%OPC+60%FA+15%MK combinations attained comparable
compressive strengths. So it can be observed that with the inclusion of metakaolin (MK) to fly ash
blended SCC mixes yields more usage of fly ash compared to micro silica (MS) blended SCC
mixes. Therefore metakaolin (MK) is much preferred to micro silica (MS) for fly ash based ternary
blended ordinary grade (M20) SCC mix due to less consumption of cement, more utilization of fly
ash, less expensive, early strength attainment which compensates the later strength
accomplishment of fly ash and better rheology.
4. Similarly, for standard grade (M40) ternary blended SCC mixes, 50%OPC+40%FA+10%MS
and 35%OPC+50%FA+15%MK optimal combinations yield comparable strengths.  So it is
apparent that metakaolin is much preferred to micro silica in blended SCC mixes made with
water/powder ratio above 0.35.
5. For development of high strength SCC mixes (M80 and M100), use of micro silica is
compulsory due to its inherent high reactive property and micro-filler capacity.
6. In development of high strength (M80 and M100) grade fly ash blended SCC mixes, both
metakaolin and micro silica are required to be added to leverage the benefits of micro-filler
capacity of micro silica and early strength attainment of metakaolin. Addition of metakaolin (MK)
to blended SCC mixes will enhance early hydration because of it high reactivity.
7. Optimally blended high strength grades M80 and M100 quaternary SCC mixes made of
50%OPC+28%FA+11%MS+11%MK and 55%OPC +23%FA+11%MS+11%MK respectively,
yields both enhanced flow and desired compressive strengths. From this observation, it can be
understood that micro silica (MS) in blended SCC mixtures imparts high strength while metakaolin
(MK) inclusion enhances the usage of high quantity of fly ash in SCC mixes for superior rate of
gain of strength and more importantly for improved flow properties of SCC mix. So it is evident
that both metakaolin and micro silica are required in blended SCC mixes made with low
water/powder ratio.
8. From the above observations it can be assumed for better flow and strength realization, the
metakaolin can be optimally replaced by 15% for ordinary grade (M20) and standard grade (M40)
blended fly ash based SCC mixes where as in high strength grades (M80 and M100) blended fly
ash based SCC mixes, the optimum percentage use of metakaolin is found to be 11%.
9. Compressive, tensile, flexural and impact strengths of metakaolin blended binary, ternary and
quaternary Self-Compacting Concrete (SCC) mixes have slightly increased than non- metakaolin
blended SCC mixes. Metakaolin cementing reaction rate is very rapid, significantly increasing
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compressive strength before first three days, which can have various benefits in fast paced 
construction industry.  
10. It is observed the ultrasonic pulse velocity and rebound number values increased due to refined 
pore structure and microstructure of metakaolin blended binary, ternary and quaternary SCC 
mixes. 
11. From the observations made from stress-strain curves, the metakaolin blended SCC mixes have 
shown improved stress values for the same strain levels. The strain at peak stress is slightly higher, 
and the slope of the descending part is steeper due to the decrease in the extent of internal micro 
cracking in metakaolin blended SCC mixes.  
12. Metakaolin (MK) is highly reactive alumina silicate whereas micro silica (MS) is reactive 
silicate. Hence Metakaolin (MK) supplemented SCC mixes have high strengths at all ages because 
silica and alumina present in Metakaolin (MK) reacts with CH forms CSH (pozzolanic reaction) 
and CAH (aluminate hydration) respectively which contributes to additional strength than micro 
silica (MS). So quaternary blended SCC mix made with micro silica (MS) and Metakaolin (MK) 
has improved microstructure which is dense and impermeable.  
13. Since Metakaolin (MK) does not increase the compressive strength of cement paste directly, it 
is concluded that flexural strength improvement in the concrete is due to changes in the structure 
of the interfacial zone and the increased paste-aggregate bond strength.  
14. Metakaolin blended SCC mixes have high resilience and strain relieving capacity. This 
resilient character provides the excellent impact resistance and dissipates dynamic loading. The 
increase in number of blows up to failure for metakaolin based quaternary blended SCC indicates 
its high energy absorption capacity which in turn enhances the increased impact resistance. This 
feature is attributed to the dense pore structure of metakaolin (MK) blended SCC mixes. 
15. It was observed that Modulus of Elasticity (E) is relatively more for all grades of optimally 
blended MK based SCC mixes by about 12-20%. It can be concluded that toughness or energy 
absorption capacity of optimally blended SCC mixes of various grades are more due to its 
enhanced ability to counteract crack propagation by dissipating deformation energy. High 
toughness in optimally blended metakaolin based SCC mixes signify its improved shock 
resistance. It is observed that modulus of elasticity (E) is relatively more in all grades of optimally 
blended SCC mixes in which metakaolin (MK) is induced indicating its enhanced performance 
due to dense microstructure. 
16. The contribution of metakaolin (MK) to any property of hardened concrete may be expressed 
in terms of efficiency factor, k. For compressive strength of metakaolin blended SCC mixes , k is 
in the range of 1.08 to 1.69, which means that in a given SCC mix, 1 kg of metakaolin (MK) based 
pozzolanic material may replace 1.08 to 1.69 kg of cement without impairing the compressive 
strength. This evaluation makes it possible to design metakaolin blended binary, ternary and 
quaternary SCC mixes for a desired strength at any given percentage of replacement. 
17. Regression equations developed helps in predicting relationships between split tensile strength, 
flexural strength, water-powder ratio, quantity of powder and modulus of elasticity in terms of 
specified compressive strength for blended SCC mixes are evaluated using statistical modelling. 
18. There is a significant increase in durability properties of metakaolin blended SCC mixes. It is 
observed that the permeation properties, acid and sulphate attack resistance, chloride 
impermeability has increased substantially due to enhanced engineering properties and improved 
microstructure of metakaolin blended SCC mixes. Unexpectedly, the metakaolin blended SCC 
showed a negative effect on sulfuric acid resistance behavior due to formation of ettringate but this 
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effect is nullified by the incorporation of microsilica to metakaolin blended fly ash based SCC for 
all grades. 
19. The metakaolin (MK) based blended SCC mixes would be considered to have very low
chloride ion permeability which validates its refined pore structure. Calcium Silicate hydrate
(CSH) Phase of metakaolin (MK) blended SCC mixes has a two dimensional foil like structure
rather than linear needle like structure of normal CSH of OPC. This foil like structure is more
efficient in filling space without leaving large interconnected capillary pores.
20. Metakaolin blended binary, ternary and quaternary SCC mixes of all grades exhibit improved
resistance to acids and sulphates due to its enhanced pore structure. This might account for the
lower permeability and improved durability of concrete containing metakaolin (MK). In the
metakaolin (MK) blended SCC mixes pores are filled in such a way, modifying the original
microstructure formed by the cement-sand matrix and subsequently increasing the tortuosity of the
capillary network, resulting in longer paths and smaller pore diameters. The incorporation of
metakaolin in blended SCC mixes reduce the chloride diffusion rate significantly.
21. Metakaolin (MK) based blended SCC mixes exhibits better resistance to sea water attack than
any other SCM based SCC due to enhanced pore refinement in the microstructure of concrete and
reduction of the interconnectivity of the pore structure by decreasing the pore size (pores
refinement), which is directly related to durability.
22. Water Absorption Capacity (WAC) of metakaolin blended SCC mixes is reduced inferring the
reduced extent of volume of pores and their connectivity in blended SCC mixes.  Volume of
permeable pores (VPV) of metakaolin blended SCC mixes are reduced due to reduction in average
pore radius of concrete by inducing pore discontinuity in the hydrated cement paste by metakaolin.
23. Sorptivity values for metakaolin (MK) blended SCC mixes were in the range of 0.052 to 0.1.08
mm/min0.5 and for non- metakaolin (MK) blended SCC mixes its value is in the range of 0.53 to
0.126 mm/min0.5. The capillary absorption coefficient (k) is greatly influenced by the addition of
metakaolin (MK) and micro silica (MS) combination to blended SCC mixes. The decrease in
capillary absorption coefficient (k) indicates the dense pore structure of blended SCC mixes due
to enhanced microstructure of SCC.
24. GBFS is more porous than river sand hence the water absorption capacity of GBFS is more
than river sand which effects the workability and compressive strength drastically. So in order to
maintain workability and compressive strength while replacing river sand with GBFS, the
percentage replacements should be optimally chosen for various grades.
25. GBFS/river sand ratio governs the porosity of the matrix, this porous structure causes negative
effect on the strength of the concrete. As high as 70% by weight of river sand can be replaced for
ordinary grade (M20) with GBFS without any adverse effect on strength and durability of
metakaolin blended SCC mixes. Similarly 60% replacement for standard grade M40 and only 30%
replacement of GBFS is acceptable for high strength grade (M80 and M100). It is established that
the main reason for the strength reduction in SCC mixes made with GBFS is the formation of a
porous concrete structure if used beyond certain percentage. So GBFS/ river sand ratio is the
governing criteria on the strength characteristics of blended SCC made with partial replacement
of GBFS as fine aggregate.
25. The compressive strength, split-tensile strength, flexural strengths and impact strengths of
various grades of optimally blended Fly Ash (FA), Microsilica (MS) and Metakaolin (MK) in
binary, ternary and quaternary SCC mixes made with partial optimal replacement of GBFS as fine
aggregate are almost comparable to that of binary, ternary and quaternary SCC mixes made with
river sand as fine aggregate. So it can be concluded that if the river sand is replaced with optimum
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percentage of GBFS in blended SCC mixes, similar performance in terms of strength as that of 
blended SCC mixes made river sand can be achieved.  
26. Rebound hammer, ultra-sonic pulse velocity measurements, energy absorption capacity, stress
at peak strains, modulus of elasticity, chloride ion resistance, water absorption capacity, and
porosity of optimally blended binary, ternary and quaternary Metakaolin (MK) SCC mixes made
with partial optimal replacement of GBFS as fine aggregate are enhanced than that of
corresponding SCC mixes made with 100% river sand as fine aggregate. The percentage of optimal
replacement levels of GBFS varies with the grade of the SCC mixes.
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Abstract: Solar power is the conversion of sunlight into electricity using solar photovoltaic cells as a source 
of energy. There are various applications for solar power; here is information on PV cell generation. We seek 
to understand the behavior of solar power plants through the data generated by the photovoltaic modules and 
the power generation in different weather conditions in India. The goal of this survey is to give a thorough 
assessment and study of machine learning, deep learning and artificial intelligence. Artificial intelligence (AI) 
models as well as information preprocessing techniques, parameter selection algorithms and predictive 
performance evaluations are used in machine learning and deep learning models for predicting renewable 
energies. But in case of time series data we can predict only the errors using a linear regression model, we can 
also calculate things like root mean square error (RMSE), mean absolute error (MSE), mean bias error (MBE) 
and mean absolute percentage error (MAPE). By the analysis of weather condition also we can predict the 
consumption of current by solar for every 15 minutes, 1day, and 1week or even for 1 month and find the 
accuracy.

1. Introduction

Solar energy has many benefits, including its sensitivity to 
imitative circumstances such as increasing oil prices, its 
renewable nature, and its ability to reduce imports and 
dependence on foreign resources. Despite the fact that 
photovoltaic cells are recognized as the significant source 
of potential energy production, their low return on 
investment and high upfront costs keeps them from 
becoming widely used. Since photovoltaic cells generate 
electricity by converting solar energy into electrical 
energy, the amount of solar energy produced every day is 
important to the size of the photovoltaic system, because 
the amount of solar radiation determines the amount of 

electricity produced every day. This is influenced by 
factors such as place, time, and weather patterns. Solar 
irradiance is the power obtained per unit area from the Sun 
via electromagnetic radiation in the wavelength range of 
the solar cell that is in use [13].  

Here we seek and analyzed India as a place and the 
temperature power plants as consideration based on 
weather condition in India. According to power generation 
commissioning statistics, solar plants have the largest 
installed capacity growth dynamics among renewable 
energy power plants. Making realistic solar generation 
projections for the day ahead view is becoming an 
increasingly critical issue in many places throughout the 
world at the current level of power system development.

Major grid [17] integration is difficult because renewable 
energy is irregular and uncontrollable. Households in India 
can now use almost any amount of energy due to the recent 
electric grid at any moment, but it is not equipped for large 
quantities of uncontrollable generation [10] at this time. As 
it is converting solar radiance into power we don’t get that 
how much power is emitted for different location, time, and 
weather. For this type of clarification machine learning 
techniques are used in order to differentiate it for different 
conditions.  

Machine-learning techniques are wide applied to 
several fields where it can separate the weather based 
power. Machine-learning techniques are wide applied to 
several fields related to data-driven issues. Machine-
learning techniques embrace several knowledge domain 
areas, like statistics, arithmetic, Ann, data processing, 
optimization, and computation are all terms that come to 
mind when thinking about artificial neural networks [18].  

Deep learning, a sub-field of machine learning, has 
been blooming recently due to the rapid expansion of data 
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technology in hardware and code. Deep Learning 
calculations have only been used sparingly in the past for 
determining environmentally friendly power plants. We 
present these amazing calculations in the field of 
sustainable power determining by utilizing distinct Deep 
learning and ANN[16] calculations, such as DBN, Auto 
Encoder, and LSTM. In our tests, we integrated these 
calculations to show how effective they are in calculating 
the energy yield of solar-powered power plants as 
compared to a traditional MLP and an actual anticipating 
model. Our outcomes utilizing Deep Learning calculations 
show a better determining execution thought about than 
Artificial Neural Networks, like other reference models 
including such actual models, are artificial neural networks. 
In the literature, these models are compared with selected 
machine learning methods and are available predictive 
models. Using the mean square error, the proposed cloud 
classification ensemble model reduces the mean square 
error by 10.49%, 7.78% and 7.95% respectively, with deep 
belief networks, support vector regression and random 
forest [15] regression models. The use of weather 
parameters to forecast solar power generation is suggested 
as an Artificial Neural Network (ANN). This discussion 
describes the techniques used to predict renewable energy 
in machine learning models, including data preprocessing 
techniques, parameter selection algorithms, and predictive 
performance measurement. 

2. Related Work 

Energy is now the primary source of socioeconomic 
growth. However, because of the increasing rate of 
environmental concern, renewable energy is attracting a lot 
of attention. Related to the ongoing depletion of fossil 
fuels, this alternative energy source is gaining in 
popularity. That is the energy that comes from the sun, 
wind, rain, and other natural sources [3].To generate 
electricity at power plants, electromechanical generators 
are used, and they are mostly driven by chemical 
combustion or even nuclear fission heat engines, but also 
by alternative energy sources such as kinetic energy from 
flowing water and wind. There are numerous other 
technologies, such as solar photovoltaic and geothermal 
power, can and are used to produce electricity. Using 
thermal power: This method is used in thermocouples, 
thermopiles, and thermionic converters to convert 
temperature differences directly to power. Thermal power 
station is a power plant with a steam-driven primary 
mover. The water is heated and turned into steam, which 
powers an electrical generator by spinning a steam turbine. 
The steam is concentrated in a condenser and returned to 
where it was heated after passing through the turbine; this 
is known as the Rankine cycle. Using Wind power: The 
development of either lift or drag force is one of the two 
primary physical values by which energy can be extracted 
from the wind. Hydrostatic pressure, which are the forces 

felt by a person exposed to the wind, are the most obvious 
means of propulsion. Buzz forces are the most effective 
mode of propulsion, but they are less well known than drag 
forces due to their sensitivity. Using Nuclear power: 
Charged particles are created and accelerated (examples: 
beta voltaic or alpha partial emission. In a nuclear power 
plant, uranium is first formed into pellets, then into long 
rods. Submerging the uranium rods in water keeps them 
cold. When they are taken out of the water, a nuclear 
reaction occurs, resulting in heat. Rising and lowering the 
thermostat regulates the amount of heat necessary. Using 
solar power: The photoelectric effect, as seen in solar cells, 
is responsible for converting light into electrical energy. 
Since the solar array will stay aligned to the sun, solar 
monitoring allows for further energy production. To 
improve performance, a solar system's power production 
should be maximized. To get the most power out of your 
solar panels, make sure they're aligned with the sun. 

Cluster analysis [8] using nRMSE (Normalized Root 
Mean Square Error), nMAE (Mean Absolute Error) and 
nMBE (Mean bias error) solar generation 8.80, 4.06 and -
1.01. By using successful feature selection or extraction, 
you can boost the forecasting efficiency even more. In 
addition, a [12] new hybrid forecasting method is being 
developed and tested, which integrates well-known 
forecasting strategies [7]. The mixed model is created after 
no discrete method is better than all four seasons. 
According to RSME, the error of all simulations is 7.210% 
in summer, 6.921% in early autumn, 8.62% in spring and 
9.37% in winter. The results show that a simple 
combination of many excellent models can provide more 
reliable predictions than either method. We’ve got been 
ready to cut back the error rate from concerning within the 
persistent ideal, to 15.1% from the Foreign Intelligence 
Service model, and to 11.8% from the cnn. Similarity 
features, which are effective in the SVR model, do not 
improve the deep learning model [9]. 

For example we take the north china place the winter 
days based on the climatic characteristics of North China. 
For each classification, a random forest algorithm-based 
forecasting model is created [10]. Separately, three other 
models in addition to the one proposed. Methods for 
predicting regular power generation and evaluate the 
performance of the Zhonghu PV station in northern China 
are described. The model achieves mean absolute 
percentage errors of less than 2.831 % and 3.1 percent in 
empirical data due to its capacity to by balancing decision 
trees, you can reduce the risk of overfitting. The following 
conclusions are based on empirical findings:   
(1) The projected model's MAPE standards for both sunny 
and cloudy days square measure as low as 2.831 % and 
3.890 %.   
(2) When it's raining or snowing, the prediction errors of 
the projected model square measure are greater than they 
are in other circumstances. In those days, the prediction 
exactitude may increasing the size coaching samples and 
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playing subdivision will help. (3) Manual interference with 
neighbor classifications can increase the accuracy of 
prediction for sorting transformation days. 
(4) In practically every classification, for nearly all error 
analysis metrics, the predicted model outperforms the other 
three strategies. 

Both the artificial neural network and deep neural 
network models studied outperform the PPVFM in terms of 
efficiency [1]. The Auto-LSTM[11] is the best DNN 
model. With an average RMSE of 0.071, an average MAE 
of 0.036, and an average absolute deviation of 0:2765, it 
has the highest score. The greatest BIAS values are seen in 
the MLP. Using current air temperature and mean daily 
solar irradiance, they employed Multi-Layer Perceptron 
(MLP) to estimate the hourly forecast of solar radiation 
[13]. On unseen test data, the DBN achieves the best 
correlation, while the Auto-LSTM achieves the best 
correlation on training data. 

Whereas the cloudy version suits the overall sample of 
the climate, it often predicts incorrectly. When the climate 
shifts, which occurs nearly each day, PPF's effects are 
inaccurate [2]. SVM-RBF with decreased features, on the 
alternative hand, produces a miles extra correct version. 
The RMSE mistakes for every version imply this: SVM-
RBF with 4 dimensions has an RMS-Error of 128 amps, at 
the same time as hazy and PPF have RMS-Errors of a 
hundred seventy five and 261, respectively. As a 
consequence, the 4-dimensional SVM-RBF version is 27% 
extra correct than the easy cloudy version and 50.9% extra 
correct than the PPF version [3]. Using the fuzzy logic 
method, the average error was calculated is 1.92 %, while 
the average error obtained using the ANN method is 2.62 
%. 

Random forest is part of machine learning algorithm a 
random forest is an estimator of some sort, that can fit 
several decision trees for different sub-samples of a dataset 
[4]. To get the best algorithm parameters, the hyper 
parameters tuning in Random Forest Classification 
approach was utilized [15]. In our case, both the number of 
decision trees in a forest and the number of landscapes 
fitted by a single decision tree are hyper parameters. This 
algorithm is sufficiently accurate, with a state recognition 
accuracy of 73%.  

The Kernel function is used in Support Vector 
Regressor (SVR) to map input forms into a higher-
dimensional space where output patterns can be found and 
become linearly divisible, allowing pattern extraction by 
fitting linearly. The aim is to find the best possible match, 
which can be challenging [9]. Assumed the shape of an 
optimization problem. Similar weather conditions, 
according to KNN, may result in alike PV power 
generation. As a result, the historical dataset can be viewed 
as a series of cause-and-effect relationships. Predicting 
future Photovoltaic power generation can be reduced to 
finding K feature vectors in the past database that are the 
closest neighbors to those who were present at the time 

interest. Knn has a lower percentage of error than nrsme, 
which is around 6.2 % and provides an approximate 
accuracy of 70% to 80%. A fixed input network with a 
single hidden layer is used as a back propagation neural 
network [14]. The input and output vectors' dimensions can 
be used to measure the neurons in the input and output 
layers automatically [1]. The initialization of weights and 
thresholds is performed at random, with an error rate of 
8%. 

To combine the outcomes of approximately the well-
performing uncorrelated techniques into a weighted 
average as a single forecast the first step is to implement 
and evaluate all ten forecasting models. The hybrid model 
has the highest average performance of all the methods, 
with a yearly nRMSE of just 6.74 percent. CNNs have also 
been shown to improve efficiency while requiring less 
memory, all neurons in adjacent layers are connected in 
completely connected neural networks [8]. As a result, 
completely related neural networks have an enormous 
number of model parameters.  

Long short term memory (LSTM) is a recurrent neural 
network (RNN) type that has successfully addressed the 
conventional RNN's vanishing gradient problem, which 
makes it difficult to detect and use useful features 
occurring early in input sequences. Here the combination 
of cnn+lstm gives MAPE 19.2%.The most basic 
methodology for estimating the next day's power 
production is calculated using linear or non-linear 
regression methods such as logistic regression or SVR and 
is dependent on inputs such as irradiation, temperature, and 
power output obtained the day before. Whereas svr is 
having a MAPE of 49.1%. 

3. Flow chart for solar power generation  

 

Fig.1 Flow chart 
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4. Methodology 

4.1 Deep Learning Techniques 

Consumption of power has become as additional and there 
are more regenerative generators included into the power 
grid, there has been an increase of interest in methods for 
regenerative power forecasting over the last decade [1]. 

4.1.1Auto LSTM:  

The Auto-LSTM algorithm blends an Auto Encoder’s 
function learning with an LSTM's temporal context 
utilization. The Auto-error LSTM's increases as more time 
measures are considered during the forecast. It's worth 
noting that when two previous time phases are factored into 
the prediction, the RMSE jumps dramatically [1].CNN is a 
deep learning neural network used to process organized 
data matrices, such as views. Lines, gradients, circles, and 
even eyes and faces are very effective in recognizing the 
design in the input image [5]. 

 

 

Fig.2 CNN and LSTM architecture 

4.1.2 Deep Neural Networks: 

 DNN has proven its worth in a variety of fields, including 
representation learning and time series forecasting. To 
name a few, DNN claims Speech and picture recognition, 
machine translation, and financial time series forecasting 
are just a few of the applications. It is used to forecast solar 
power output [11]. 

 

Fig.3 Layers differentiation of DNN 

4.1.3 Deep Belief Network (DBN): 

Deep belief network (DBN) models began to gain 
popularity. To forecast monthly solar power output data, a 
seasonal deep belief network (SDBN) was created in this 
study. By merging the seasonal decomposition approach 
and the DBN, the SDBN was created. Furthermore, data on 
monthly solar power generation was employed in this 
study. 

Foretelling is a two-step approach [1]: 
1) To reduce the dimensionality of the input data set, the 
DBN uses feature learning. 
2) To perform forecasting, a new layer is added, such as the 
linear layer. 

 

Fig.4 Deep belief network model 

4.2 Machine Learning Techniques 

4.2.1 Support Vectors Machine: 

Then, we investigate a variety of supervised learning 
methods based on SVM. These methods, which create 
hyperplanes in a multidimensional space, have currently 
been approved to be used in indexing and regression 
analysis. The kernel function and parameters used 
determine the accuracy of svm regression. In our work, we 
investigated three distinct SVM kernel functions are Linear 
Kernel, a Polynomial Kernel and a Radial Basis Function 
(RBF) kernel [2].  
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Fig.5 Hyperplane separating data points in SVM 

4.2.2 K Nearest Neighbors (Knn):  

KNN assumes that similar temperature variations will 
occur in the future. Would result in PV energy clusters that 
are comparable. Forecasting future PV power generation 
with an accuracy of about 81 % can be reduced to 
searching the past database for K feature vectors that are 
closest neighbors to those of the time of interest.  
     

 

Fig.6 Partition and finding the nearest value in KNN 

4.2.3 Random Forest:  

Random Forest is an ensemble technique that can be used 
to classify or predict data productivities of a variety of 
unrelated decision tree subsystems. The random forest 
estimates that the precision is about 79%. These techniques 
can be used to map nonlinear interactions again [19]. 

 

Fig.7 Random forest final results based on decision trees 

4.2.4 Linear Regression Model:  

Linear regression is a machine learning approach for 
supervised learning. It performs a regressive mission. 
Using the independent variables as a guide, regression 
models attempt to predict the value. Its main use is for 
forecasting and determining the relationship between 
variables. 

 

Fig.8 Linear regression model 
 
4.3 Artificial Neural Networks 
 
 MATLAB was used to carry out the research. Fuzzy logic 
and Ann techniques[18] were both found to be effective in 
that their findings matched the characteristic of a real solar 
PV array [3]. These will be put to use to forecast and test 
the overall reliability of the solar power plant. They 
perform on three sets of data: training, testing, and 
validation. The MLR model's performance is substantially 
improved when classification variables and interactions 
between variables are used, but this is not the case with the 
ANN model [7]. 
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4.3.1 Fuzzy Logic: 

 When combined with high-performance computer 
processors, allows for reasonable accuracy estimates of 
solar plant outputs while also allowing for system 
flexibility to adjust for natural events. The MATLAB 
software was used to construct the load forecasting system, 
which is based on fuzzy logic. The model has two inputs 
and one output and represents solar irradiance, ambient 
temperature, humidity and output power [3]. 

 

Fig.9 Fuzzy logic model 

4.3.2 Multiple Linear Regression: 

An ANN[16], as opposed to a multiple linear regression 
(MLR) model, a statistical method for assessing a non-
linear connection between one or more inputs and 
outcomes. The artificial neural network[6] has been used to 
model, identify, and forecast complex systems. 
     

 

Fig.10 Multi linear regression 

5. Comparison 

5.1 Comparison of methods used: 

Table 1. Model Prediction of RMSE, MAE, MAPE, and MBE 

Model  RMSE  MAE 
MAP

E 
MBE 

Referen
ce 

MLP(mul 0.0889  -  -  -  1

tilayer 
perceptro

n) 
LSTM 0.0816 - -  - 1

Clusterin
g based 
on solar 

generatio
n 

8.80  4.60   -1.01  5 

Clusterin
g based 

on 
weather 
variables 

8.61  3.77  -  -0.53 

5

 

 

ANN 0.067 - -  -- 6

MLR(mu
lti linear 
regressio

n) 

0.738  -  -  -  6 

SVR(sup
port 

vector 
regressor

) 

0.122  0.099  40.03  -  8 

RFR(ran
dom 

forest 
regressor

) 

0.178  0.1378  67.58  -  8 

CNN+LS
TM 

0.098  0.0568  13.42  -  8 

SP(SMA
RT 

PERSIST
NACE) 

0.135  0.071   0.023  11 

DBN(dee
p belief 

network) 
0.0390  0.0138   

0.002
44 

11 

SVM(sup
port 

vector 
machine) 

0.034  0.012   
0.007

77 
11 

RF(Rand
om 

Forest) 
0.033  0.0099   

0.000
351 

11 
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5.2 Graphs comparison based on weather conditions 
with temperature values:  
 

 

Fig.11 Mean of solar radiance in summer season. 

 

 

Fig.12 Mean of solar radiance in rainy season 

 

 

Fig.13 Mean of solar radiance in winter season 

Here fig 11, 12, 13 gives the comparative analysis of 
different models that are used like fuzzy logic, artificial 
neural network, support vector machine, random forest, 
multiple linear regressor and Convolutional Neural Network 
results for different temperature based on seasonal effects  with 
power generated for each day. 

7. Conclusion 

In this we conclude that it gives the partial analysis of solar 
power generation or forecasting based on different weather 
conditions. Different types of solar and wind dataset are 
considered for different seasons like summer (April to 
June), rainy (July to November) and winter (December to 
January) these are all about Indian weather condition. In 
order to get best results for diverse climatic condition for 
every hour for future betterment of analyzing power 
generation in different climatic condition machine learning 
give better results according to deep learning and artificial 
intelligence. 
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Abstract:  Solar power is generated using photovoltaic (PV) systems all over the world. Because the output 

power of PV systems is alternating and highly dependent on environmental circumstances, solar power 

sources are unpredictable in nature. Irradiance, humidity, PV surface temperature, and wind speed are only 

a few of these variables. Because of the unpredictability in photovoltaic generating, it's crucial to plan ahead 

for solar power generation as in solar power forecasting is required for electric grid. Solar power generation 

is weather-dependent and unpredictable, this forecast is complex and difficult. The impacts of various 

environmental conditions on the output of a PV system are discussed. Machine Learning (ML) algorithms 

have shown great results in time series forecasting and so can be used to anticipate power with weather 

conditions as model inputs. The use of multiple machine learning, Deep learning and artificial neural 

network techniques to perform solar power forecasting. Here in this regression models from machine 

learning techniques like support vector machine regressor, random forest regressor and linear regression 

model from which random forest regressor beaten the other two regression models with vast accuracy.

1 Introduction: 

Solar energy has many benefits, but also have their 

initial investment for installing solar panels is quite high, 

and not everyone will be able to afford them. 

Unfortunately, this is a downside of solar panels; 

nevertheless, as prices continue to decline, the future 

looks bright. Solar panels are currently relatively costly; 

but, new government programs and cutting-edge 

technology are making them cheaper. Despite the fact 

that photovoltaic cells are recognized as the significant 

source of potential energy production, their low return 

on investment and high upfront costs keeps them from 

becoming widely used.The high initial cost prevents 

them from becoming widely used. Because photovoltaic 

cells convert solar energy into electrical energy, the 

amount of solar energy produced each day influences the 

size of the photovoltaic system, just as the amount of 

solar radiation influences the amount of electricity 

produced each day. This is influenced by factors such as 

location, time, and weather patterns. Solar irradiance is 

the power obtained per unit area from the Sun via 

electromagnetic radiation in the wavelength range of the 

solar cell in use. 

Major grid integration is difficult because renewable 

energy is irregular and uncontrollable. Households can 

now use almost any amount of energy due to the recent 

electric grid at any moment, but it is not equipped for 

large quantities of uncontrollable generation at this time. 

As it is converting solar radiance ����� ���	
� �	� ������

get that how much power is emitted for different 

location, time, and weather. For this type of clarification 

machine learning techniques are used in order to 

differentiate it for different conditions. Machine-learning 

techniques are wide applied to several fields where it can 

separate the weather based power.  

 The amount of energy a PV system generates is 

proportional to meteorological parameters including 

cloud cover, sun intensity, and site-specific conditions, 

among other [3]. Solar panel works differently for 

different weather conditions. In case if its summer 

seasons then the amount of energy consumed by the 

panel from sun is very much more. But in case of rainy 

and windy conditions the energy consumed is pretty 

much different. Power generation mostly depends on 

weather conditions so they take weather forecasting into 

consideration. As a result, the amount of electricity 

generated is determined by solar irradiance on a given 

day, which is determined by a number of factors such as 

location, time, and weather patterns. We concentrate on 

the problem of automatically generating models that 

accurately predict renewable generation based on 

National Weather Service forecasts (NWS). Using 

historical NWS forecast data and data generated by solar 

panels, we experiment with a variety of machine 

learning techniques to develop prediction models. 
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Meteorological data, including ambient temperature, 

humidity, and solar radiation, will be collected by 

meteorological monitoring stations every three hours. 

Machine-learning techniques have been widely used 

in a range of fields involving data-driven problems in 

recent decades. Machine-learning approaches encompass 

a wide range of interdisciplinary topics, including 

statistics, mathematics, artificial neural networks, data 

mining, optimization, and artificial optimization. With or 

without mathematical problem forms, machine learning 

approaches attempt to find a relationship between input 

and output data. The process of analysing data is known 

as data analyzation. ML employs statistical approaches 

���	���	�������	
�������	
����
��������������������

to be explicitly programmed. Machine learning has two 

main application categories: regression and 

classification. Solar power forecasting necessitates the 

use of regression methods. Some of the ML regression 

algorithms that can be used for time series forecasting 

are Linear Regression (LR), Support Vector Machine 

Regression (SVMR), and Random Forest (RF). 

Weather and physical elements influence the 

electrical power output of a solar photovoltaic (PV) 

panel. Solar irradiance, cloud cover, humidity, and 

ambient temperature are the main meteorological factors 

that influence solar power generation. Predicted weather 

parameters can be used as model inputs, while solar 

power forecasts can be used as the model output. 

Because of its ongoing training nature, the ML algorithm 

adjusts to physical parameters. 

In machine learning SVM plays a major role in order 

to classify the data and monitor weather condition 

according. Combining data from photovoltaic power 

generation with meteorological conditions, according to 

the positive position of photovoltaic power generation. 

For every 3 hours svm gives analyzed data for 

classification and regression analysis. Using hyperplane 

we can classify the accurate results from solar panel 

based on the weather conditions.Random forest, on the 

other hand, is a classification strategy that uses many 

decision trees to classify data. In order to generate an 

uncorrelated forest of trees whose committee forecast is 

more trustworthy than that of any single tree, bagging 

and feature randomization are utilised in the 

development of each individual tree. It gives multiple 

decisions tress it merges all the decision tress into one 

��
������	��������
		����� for different climatic conditions 

such as for summer, rainy, winter seasons. Error 

statistics such as mean bias error (MBE), mean absolute 

error (MAE), root mean square error (RMSE), relative 

MBE (rMBE), mean percentage error (MPE), and 

relative RMSE are used to assess the model's validity 

(rRMSE). Linear regression is a supervised learning-

based machine learning approach. It does a regression 

analysis. Based on independent variables, regression 

models a goal prediction value. It's generally used in 

forecasting to figure out how variables are related. 

Regression models differ in terms of the sort of link 

examined between dependent and independent variables, 

as well as the number of independent variables used. 

2. Related Work:  

Solar energy forecasts can be categorised in a variety of 

ways. The persistence or smart persistence model, which 

uses historical data to forecast future power generation 

over a short period of time, is the most basic method (2-3 

hours). This method can be used to set a standard against 

which other forecasting methods can be measured. In 

most cases, a prediction is completed in two stages. A 

NWP is designed for a specified time period and location 

to begin with. The generated NWP is then utilised to 

forecast power generation using forecasting algorithms. 

It is possible to employ a physical model, a statistical 

method, or a machine learning methodology [1].For 

prediction, ML algorithms are compared to the Smart 

Persistence (SP) approach, with ML models 

outperforming the SP model. The unpredictability of 

solar resources has hampered grid management as solar 

diffusion rates have increased. Unpredictability and 

intermittent electricity delivery are two of the most 

difficult aspects of integrating renewables into the 

system. As a result, solar power forecasting is becoming 

increasingly important for grid stability, optimal unit 

commitment, and cost-effective dispatch. To overcome 

the problem, we employ machine learning techniques to 

sift through extraordinary solar radiation predicting 

models. For developing prediction models, a variety of 

regression algorithms are tested, including linear least 

squares and support vector machines with various kernel 

functions. We use day-ahead sun radiation data forecasts 

in these tests to show that a machine learning approach 

can correctly anticipate short-term solar power [2]. A 

hybrid or mixed forecasting method was developed by 

combining clustering, classification, and regression 

approaches to produce a forecasting model. Based on the 

weather forecast for the next day, the model (with the 

closest weather condition) is chosen to forecast the 

power output using cluster-wise regression [3]. 

Renewable energy sources are progressively being 

integrated into electric networks alongside nonrenewable 

energy sources, posing significant issues due totheir 

sporadic and erratic nature In order to address these 

issues, soft-computing solutions for energy prediction 

are essential.We apply a number of data mining 

methodologies, including preparing historical load data 

and analysing the features of the load time series, 

because electricity consumption is entangled with the 

usage of other energy sources like natural gas and oil. 

The trends in power consumption from renewable and 

nonrenewable energy sources were examined and 

contrasted. A novel machine learning-based hybrid 

technique (SVR) uses multilayer perceptron (MLP) and 

support vector regression [5].Using SVM regression, 

solar power generation produces acceptable results [6]. 

However, it lacks a detailed examination of solar power 

generation and meteorological data, and hence is 

restricted in its capacity to accurately predict other data 

sets by merely using different SVM kernels after some 

basic statistical data processing [8]. 

To study the association between expected weather 

conditions and power output created as a historical time 

series, artificial intelligence (AI) approaches are applied. 

 

 

E3S Web of Conferences 309, 01163 (2021)
ICMED 2021

https://doi.org/10.1051/e3sconf/202130901163

 

2



 

AI approaches use algorithms that can implicitly 

characterise the nonlinear and highly intricate 

relationship between input data (NWP predictions) and 

output power instead of formal statistical analysis. The 

ANN is a brain model that is based on biology. They're 

employed in a range of applications that use AI 

approaches including supervised, unsupervised, and 

reinforcement learning. The ANN learns from data in the 

supervised learning approach by being trained to 

approximate and estimate the function or relationship. 

[6]. 

Their models have been improved to predict PV plant 

power generation [4�7]. Even with the cloud graph from 

synchronous meteorological satellites, the significant 

unpredictability in critical components, particularly the 

diffuse component from the sky hemisphere, makes solar 

irradiance far less predictable than temperature. PV 

systems including a large number of different tiles 

deployed over a large area have additional challenges 

[12]. Because it is impossible to examine all connected 

meteorological forecasts in a practical context, many 

alternative alternatives have been devised. Weather 

forecasts from meteorological websites [8] were 

considered by some. Others used nonlinear modelling 

approaches like artificial neural networks to try to 

simplify the solar forecast model (ANN). Two types of 

networks are commonly used to forecast global solar 

radiation, solar radiation on titled surfaces, daily solar 

radiation, and short-term solar radiation: radial basis 

function (RBF) and multilayer perception (MLP). 

In a three-layer feed forward model, back-

propagation is the neural network training technique. To 

reduce forecast error, the input layer provides an error 

correction factor depending on the projected output for 

the previous 5 minutes. 

An LSTM network will learn a function that accepts 

a sequence of previous solar irradiance values as input 

and returns a solar irradiance value as output. Deep 

neural networks, such as the Deep Belief Network 

(DBN), will learn a function that takes a sequence of 

historical sun irradiance values as input and outputs a 

solar irradiance value. If a series of observations are 

converted into a variety of occurrences, an LSTM 

network can learn from them. The sequence is 

partitioned using LSTM for prediction purposes. 

3 PROPOSED WORK: 

For knowing how much power is generated from solar 

we have the dataset showing daily average temperature 

in Celsius, distance from solar noon, wind speed, wind 

direction, sky cover, and humidity and then the power 

generated. Here we are calculating how much power is 

generated in different weather condition for India dataset 

. We have taken Indian dataset with different 

temperature readings. The available dataset is based on 

hourly weather parameter values. To convert the data to 

mean values per day, the average of the 24-hour data 

was used. From 2019 to 2020, several weather factors 

were collected to investigate the relationship between 

mean solar irradiance and meteorological data in order to 

accurately estimate power generated. 

The proposed work's System Architecture is to first 

consider the dataset and preprocess the data, then divide 

it into train and test data, apply classification techniques, 

and predict the results. Solar power weather dataset is 

used for forecasting purposes in this case. Data 

preprocessing methods include cleaning, integration, 

reduction, and transmission. We must purge any data 

that is no longer absolutely necessary. Data cleaning is 

the process of identifying and removing inaccurate or 

incorrect records from a dataset. Data from the real 

world frequently contains noise and missing values, and 

it may be in an unusable format that cannot be directly 

used for DL models. Data preprocessing is required to 

clean data and prepare it for various Deep Learning 

models, increasing accuracy and efficiency. Training and 

testing data are separated from the preprocessed data. 

The model is trained using training data, and its 

predictions are validated using testing data. Data 

splitting is the process of dividing available data into two 

halves, usually for cross-validator purposes. The first set 

of data is used to build a predictive model, while the 

second set is used to evaluate the model's performance. 

In analyzing data mining algorithms, separating data into 

training and testing sets is crucial. The training 

percentage is set at 80% and the test percentage is set at 

20%. When a data set is divided into a training set and a 

testing set, the majority of the data is used for training 

and only a small portion is used for testing. To train any 

model, no matter what type of dataset is used, the dataset 

must be divided into training and testing data. The 

dataset will be examined for null values and outliers 

during the data preprocessing step, and the model will be 

trained using three hours of data before being used to 

forecast solar power generation value. The power 

generated radiance phase will be estimated using 

machine learning (ML) methods (e.g., support vector 

regression, linear regression, elastic net regression, and 

random forest) as shown in below Fig 1. 
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Fig.1 Flow chart for solar power generation 

4. Methodology:  

The current dataset is based on hourly weather parameter 

values. To convert the data to mean values per day, the 

average of the 3-hour data was used. Various weather 

characteristics were gathered in order to investigate the 

relationship between mean solar irradiance and 

meteorological data in order to accurately estimate mean 

solar irradiance. The average daily values of air 

temperature, humidity, wind speed, wind direction, 

visibility, average pressure, average wind speed, and 

electricity generated are among the data collected. The 

direction of the wind, on the other hand, indicates how 

high the sun is. It's also expressed in degrees. 

Machine Learning (ML) Models are used for 

forecasting the solar power generation weather analysis. 

The Regression techniques here proposed are Support 

Vector Machine, Random Forest, Linear Regression are 

various ML Models used in this paper.  

4.1 Forecasting models: 

In this study, we used the chosen dataset to evaluate 

individual performance using a number of 

meteorological attributes utilising three commonly used 

machine learning algorithms. The output of the unseen 

test sample is predicted to be the mean of these K closest 

matches because our prediction variable is continuous 

valued. We investigated a variety of K values, however 

only the results for K=3 and K=5 are presented. When K 

is more than 3, the RMS error increases. 

Support vector regression (SVR) using a radial basis 

function as the kernel and random forest (RF) 

approaches are used to create the models. Because of the 

non-linearity of the dataset, we used the models 

indicated above instead of linear models. The most basic 

and widely used regression method is linear regression 

(LR) [10].It uses linear predictor functions to represent 

the relationship between the input and output variables, 

and a least squares approach is used to estimate the 

unknown model parameters from the data. A set of linear 

equations or an iterative method like gradient descent 

can be used to estimate parameter values. We employed 

the characteristics provided in the, followed by feature 

scaling, to standardise the input data. SVR's precision 

varies depending on the kernel function and other 

variables. To discover the optimal settings, we employed 

the Grid search approach. To evaluate the models' 

performance on the test set, we computed the Root-

Mean-Square Error (RMSE) and R squared values. 

Before choosing the models with the lowest root mean 

squared error and highest R squared values, we fine-

tuned the model hyperparameters. Nonlinear 

relationships can be mapped using these methods. In 

data science challenges of various kinds, methods 

including decision trees, RF, and gradient boosting are 

commonly utilised.The RF method is a tree-based 

machine learning approach that can be used for 

regression and classification. It also performs 

dimensional reduction, controls missing and outlier 

values, and performs a variety of additional data 

exploration activities. The bagging approach is used to 

train RFs. This method allows for the usage of numerous 

instances for the training stage because the dataset is 

sampled with a replacement. Linear regression is a 

method for demonstrating the link between a dependent 

variable and one or more independent variables by using 

the best-fit linear curve. It is concerned with determining 

the best-fit line with the data by attaining a perfect slope 

and intercept value.The best model for forecasting solar 

power system output based on numerous weather 

parameters was then created. The models that gave the 

greatest results on the dataset were support vector 

regression, random forests, and linear regression, and 

these models were then utilized to anticipate PV system 

performance for 2019. Thanks to the predictive analysis, 

the estimated production in this situation ranges from 0 

to 1000 Watt hours. These models were then evaluated 

using the test data. The SVR model has an RMSE of 

135.7, while the random forest model has an RMSE of 

28.62 and the SVR model has an RMSE of 58.24. The 

random forest model's points are close to the regressed 

diagonal line, however the SVR model's points are not. 

5 RESULTS: 

A matrix of pair correlation coefficients is generated for 

a set of features under investigation in order to find 

collinear factors as shown in below Fig 1, Fig 2,Fig 3 

and Fig 4. 
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Fig 2 correlation matrix  

 

Fig 3:summer season  analysis  

 

Fig 4: rainy season analysis 

 

Fig 5: winter season analysis 

 

Fig 6: moderate analysis 

 

Fig7����	
����	����������
���	������� 

Here fig6 shows that how power is generated 

comparatively in different weather conditions where the 

x axis shows the power generated and y axis shows the 

distance from solar noon. It is nothing more than Solar 

noon occurs when the Sun passes through a location's 

meridian (a meridian is an imaginary line that runs from 

the North Pole to the South Pole along the Earth's 

surface.) and ascends to its highest point in the sky. In 

most cases, it does not occur at 12 p.m and as shown in 

above Fig 5 and Fig 6 and Below Fig 7. 
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Fig 8: Different temperature analysis results of how much 

power is generated. 

Fig6 says the power generated is read as Jules here 

where as temperature as in summer, rainy, winter and the 

moderate is said as the different weather condition. 

Dataset considered is the numerical dataset so we 

replaced them with string type where in dataset it is 

shown as 0 for rainy 1 for winter, 2 for moderate,3 for 

summer as shown in below Fig 9 and Fig 10. 

 

Fig 9: score of all the three model used in solar power analysis. 

 This fig8 shows that score of three different models 

used in this paper for solar power generation 

 

Fig 10: temperature difference and their power generated 

percentage accordingly. 

This shows that how much percentage of power is 

generated ass the temperature rises less than 46 Celsius 

�������������	�
�����	�����	��	
��
	���!���"!�#	������

��� $� ������ ����	
� �	���� temperature,56 to 66C is 2 

������ ���	
�	� �	��	
��
	� ��� !!� ��� &+#� ��� /� ������

summer season and as shown in below Table 1. 

Table 1: Model Prediction of RMSE, MAE, MAPE, and MBE 

and Accuracy 

Model RMSE MAE MSE Accuracy 

Support 

vector 

machine 

regressor 

131.44 77.16 172.76 -44.92 

Linear 

regression 

58.57 48.39 343.08 72.4 

Random 

forest 

regressor 

27.32 12.45 746.48 94.01 

6. Conclusion:  

We presented a machine learning-based approach for 

solar power generation analysis in this paper, which 

accurately forecasts power generated across India's states 

based on environmental data. Most importantly, our 

methodology went beyond prediction by delivering key 

results that aided in the understanding of solar power 

analysis (variable importance by time period). By a wide 

margin, the proposed method outperformed other 

popular methods, such as Random forest. The proposed 

models are SVR, LR, and RF. Compared to the 

temperature with the given data. 56-55F --30% power 

generation is increasing compared to other temperatures. 

Temperature <46F is 17% temperature average of it. As 

the above results, we can see that Random Forest 

Regressor model is performing better with 94.01% 

accuracy and hence that model is preferred for 

deployment.  
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Abstract— With headways in machine and profound learning 

calculations, the vision of different significant genuine 
applications in PC vision turns into a chance. Facial opinion 
examination is one of the applications. Profound learning has 
raised face acknowledgment to the first spot on the list of moving 
investigation fields in the PC vision space. Profound learning-
based FER models have as of late been tormented by an 
assortment of innovative issues like Under-fitting or over-fitting. 
Driven from the upper than realities, it presents a logical and 
exhaustive study on present status of-craftsmanship figuring 
procedures (datasets and calculations) that supply a response to 
the issues. It conjointly presents a scientific categorization of 
existing facial slant investigation manners by which quickly. 
Then, at that point, this examination sums up the latest novel 
machine and profound learning networks proposed by scientists 
that are explicitly created for facial recognizable proof upheld 
static film, just as their professionals and faults. At last, the open 
inquiries and examination challenges for the plan of a durabl e 
face acknowledgment framework are introduced in this 
investigation. 

Keywords— Recurrent Neural Network; rehashed Neural 
Network; convolution neural network; ImageNet; Ensemble; 
ResNet;Maxpooling; VGG16. 

I.  INTRODUCTION  

Facial expressions include smiles, sadness, anger, disgust, 
surprise, and fear. A smile on the human face expresses 
happiness and a curved-shaped eye. The sad expression is 
distinguished by a sense of lightness, which is typically 
expressed by raising crooked brows. Also, frown. Anger in the 
human face is associated with unpleasant and irritating 
situations. Smiles, sadness, anger, disgust, surprise, and fear 
are all examples of facial expressions. A human smile 
expresses happiness and a curved-shaped eye. The sad 
expression is characterized by a sense of lightness, which is 
typically expressed by raising crooked brows. Additionally, 
frown. Anger on the human face is associated with unpleasant 
and vexing situations. Dilated brows and thin, elongated 
eyelids characterize anger. The extraction and classification of 
features is a critical step in the FER process. Classification is 
another important process that categories the aforementioned 
expressions such as smile, sadness, anger, disgust, surprise, 
and fear. Understand the eyes, mouth, nose, brows, and other 
facial components, as well as feature extraction based on 
appearance [1]. 

 

Fig. 1.  Architecture of face expression recognition [22]. 

In this study, we primarily focused on face demeanor 
recognition using face-parsing components (FP). Given the 
disadvantage that different parts of the face contain different 
data measures for face appearance, and that the weighted 
element varies for different faces, a collaborative setup is 
intended to work out face demeanor exploitation parts that unit 
of estimation engaged in appearance exposure [2]. Based on 
the most recent realities, this paper provides a logical partner 
degreed comprehensive overview of the current state of-
craftsmanship AI strategies that offer a comparative solution 
[3]. To see the value in the objective, it uses separated local 
based strategies for inward facial parts and worldwide 
techniques for external facial parts [4]. A series of fortunate 
events resulted in Profound Learning's astounding 
achievement in imaging applications. Unfortunately, this 
quality has resulted in pernicious applications such as 
photograph reasonable face trading of gatherings without their 
consent changes in position are processed and determined by 
sequentially tracking objects each time. 

The sensor detects the nature of the object, and the object 
is visualized. The object in space is derived from the 
application of matching schemes to find the object, and its 
position in the plane is quantified. Image processing schemes 
are used to capture objects, and their dimensions are recorded 
and classified in 2D or 3D [5]. By incorporating various 
cutting-edge technologies, the system's navigability and 
usability can be improved. Highlighted text when scrolling 
with the mouse, and evaluate the layout structure of the 
website using background music and other similar features. 
These innovations have the potential to improve the screen 
reader. A cross-folding recurrent neural network is used to 
perform FER on film. The projected detail is composed of 
convolution layers that are then followed by a never-ending 
neural network that reflects the relationships between the 
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facial film and the persistent organization of the volatile 
conditions that exist within the unity of the photo region by 
utilizing concentrate throughout the process. The model is 
being evaluated over time. Findings from exploratory research 
that are promising a unit of estimation was acquired in 
comparison to reformist systems [7]. We concentrate on neural 
convolution networks, RNN, and DNN, which are less precise 
than others are. After reviewing all of these documents, we 
conclude that the vgg16 architecture has a lower precision. I 
chose the VGG19 architecture with face analysis to improve 
accuracy. A crossbred Convolution-Recurrent Neural Network 
method was used for FER in film. The proposed detail consists 
of Convolution layers followed by a never-ending Neural 
Network (RNN) that the combined model concentrates the 
relationships between facial film and by exploitation he 
persistent organization the fleeting conditions that exist within 
the photos region unit pondered all through the order. The 
proposed model of half-and-half is upheld. When compared to 
reformist systems, promising exploratory outcomes were 
obtained [7]. We discovered that convolution neural networks, 
RNN, DNN VGG16, and RESNET architecture have lower 
accuracy after reviewing all of these papers. I chose the 
VGG19 architecture with face parsing for improved accuracy. 

II. RELATED WORK 

Identifying human emotions in photographs or videos has 
been the goal of facial emotion recognition research since its 
inception. Recent studies have attempted to recognize faces in 
photos or videos, but these methods did not use a network 
framework. Geometry-based approaches and feature-based 
approaches are the two main methods for extracting features 
from photos, which differ from feature recognition methods. 
Furthermore, the appearance is rapidly approaching. In the 
first scenario, the model focuses on restricting and tracking 
specified face criteria in order to train the model to classify 
based on relevant postures. For the purpose of classifying 
emotions from sequences, the authors proposed a model for 
tracking a group of points and they detected emotions 
extracted from feature set forms by way of transformation in 
only 117 reference points. Bitmaps are used to train the 
categorization model.  

Convolution rehashed Neural Network framework utilizes 
Convolution layers and rehashed Neural Network (RNN). 
Relations at spans facial highlights are separated by this model 
thus the fleeting conditions are considered during the 
arrangement by abuse-rehashed network [9]. continuous 
technique referenced is that the Constructive Feed forward 
Neural Networks inside which include discovery is done by a 
second DCT (Discrete cos Transform) [10].  On the facial 
picture and grouping is finished utilizing a useful feed forward 
one secret layer neural organization. Another technique, 
Boosted Deep Belief Network, utilizes a combination of 
highlight selector and classifier in one system [11]. During 
this model, choices are conjointly tuned and are tip top to 
shape a more tasteful through a BTD-SFS strategy. Another 
Hybrid technique, Convolution rehashed Neural Network 
framework utilizes Convolution layers and rehashed Neural 
Network (RNN) [9]. Relations at spans facial highlights are 
separated by this model thus the transient conditions are 

considered during the characterization by abuse-rehashed 
network. continuous approach referenced is that the 
Constructive Feed forward Neural Networks inside which 
include recognition is done by a second DCT (Discrete cos 
Transform) [10]. On the facial picture and arrangement is 
finished utilizing a helpful feed forward one secret layer 
neural organization. Another system, Boosted Deep Belief 
Network, utilizes a combination of highlight selector and 
classifier in one structure [11]. During this model, choices are 
conjointly tuned and are tip top to shape a more tasteful 
through a BTD-SFS strategy. 

   Breuer and Kimmel utilized CNN inward portrayal 
procedures to realize a model discovered misuse shifted FER 
datasets, and unquestionably, the capability of organizations 
prepared on feeling discovery, across all datasets and FER-
related errands [12]. Jung et al used two different types of 
CNN:  The first focuses on global look choices from image 
groupings, while the second focuses on transient number 
related alternatives from fleeting facial milestone focuses [13]. 
These two estimation models were joined utilizing another 
combination procedure to work on the exhibition of facial 
element acknowledgment. Kahou et al. projected a half and 
half RNN-CNN system for engendering data over a grouping 
utilizing partner persistently esteemed covered up layer 
delineation. The creators fostered a full framework for the 
2015 feeling Recognition among the Wild (EmotiW) 
Challenge, showing that a crossover CNN-RNN style for 
facial highlights investigation can outflank a formerly utilized 
CNN technique for collection utilizing fleeting averaging. 
[14]. 

The VGG-16 layer stores a 224 by 224 RGB image as 
data. There are a lot of convolutional (conv.) layers in the 
image, and the channels are set to catch the notions of 
left/right, up/down, and Center with a little open field of 33 
(the smallest size to capture the concepts of left/right, 
up/down, and Center). In one design, it also uses an 11-
channel convolutional filter, which can be viewed as a simple 
switch in the information channels (trailed by non-linearity). 
The convolutional step is set to one pixel, and the 
convolutional spatial cushioning is set to zero. The layer input 
is designed with the goal of saving the spatial goal after 
convolution, for example, one pixel for 33 convolutions. 
Levels (Figure 2). After a portion of the convolutional layers, 
five max-pooling layers perform spatial pooling (not all the 
conv. layers are trailed by max pooling). Step 2 is used to 
maximise pooling across a 22-pixel window. VGG16 had been 
working on NVIDIATitan Black GPUs for quite some time. 
VGG16 had been working on NVIDIATitan Black GPUs for 
quite some time. 
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Fig. 2.  VGG-16 Architecture diagram [15].  

As information, our VGG16 is taking care of a 48x48 RGB 
image. By removing the typical RGB from each pixel, we 
achieve phenomenal preprocessing. To handle the image, a 
convolutional layer stack with 3x3 channels is used. In one of 
the arrangements, we also use 1x1-convolution channels, 
which can be thought of as a direct redesign of the information 
channels (saw through way of method of non-linearity). 
Because the convolution step is set at one pixel, and because 
the convolutional layer data is padded spatially, the spatial 
assurance is preserved after convolution. The spatial clustering 
procedure is completed by inspecting some of the convolution 
layers through the lens of five maximum clustering layers 
(now not all convolution layers are observed through manner 
of way of maximum clustering). In a two-pixel window, 
stride2 collects the most information. Three related (FC) 
layers detect a pile of convolutional layers: the first has 4096 
channels each, the third performs the 7-way ILSVRC type and 
therefore incorporates seven channels, and the last has 4096 
channels each (one for each class). The ideal reorientation. All 
companies use a similar structure for the associated tiers. Non-
linearity rectification is enabled on all hidden layers (ReLU). 
VGG16 is made up of 16 weight layers, 13 folding layers with 
a 3x3 clean out period, and 3 associated layers. Stride and 
padding are set to a minimum of one pixel for all convolution 
layers. Each convolution layer is divided into five groups, with 
each group being observed using a maxpooling layer (Figure 
2). Step 2 performs maxpooling in a 2x2 window. The number 
of filters with within the convolution layer company starts at 6 
4 with within the primary company and increases by a factor 
of after each maxpooling layer until it reaches 512[15]. Keras 
VGG16 is used as the implementation. 

ResNet 50 is a cutting-edge architecture for convolutional 
neural networks. Its architecture is similar to that of networks 
like VGG-16, but it adds the capability of identity mapping 
(Figure3).  

 
                 Fig. 3.  ResNet residual block diagram with skip connection [15]. 

Leftover Networks, also known as Reset, are a type of 
neural organization that serves as the foundation for some PC 
vision tasks. This model won the Magnet Challenge in 
2015.The ability to prepare profound neural organizations was 
Reset's key breakthrough. With over 150 layers. Prior to Reset, 
profound neural organization preparation was difficult due to 
the issue of blurring gradients. Reset was the first to suggest 
the idea of a jump affiliation. The leap association is depicted 
in the outline below. The left image shows collapsed layers 
stacked consistently; the right image shows similar collapsed 
layers stacked, but we are currently adding the first 
contribution to the yield of the convolution square. It is what it 
is: a leap association. Hop comes to work in this environment 
for two reasons: They reduce the slope blurring issue by 
allowing this other angle alternate way. Essentially equal to, if 
not worse than, the base level [15]. 

III. DATA SET  

The Extended Cohn-Kanade Dataset (CK+) [16]: CK+ 
contains 594 video groupings on each show and non-presented 
(unconstrained) feelings, just as different kinds of data. The 
123 members range in age from eighteen to thirty years of age, 
with most of the World Health Organization unit of estimation 
being female. Picture groupings can be taken apart for activity 
units and original feelings. It gives conventions and 
benchmark results to facial element following, AUs, and 
feeling acknowledgment. The photos have part goals of 640 × 
480 and 640 × 490 with 8-bit exactness for dim scale esteems.  

     JAFFE [Japanese Female Facial Expressions] [17]: The 
JAFFE information contains 213 photos of ten unique female 
Japanese models showing seven face feelings (six fundamental 
facial feelings and one unbiased). Each picture was given a 
score dependent on six emotive words used to misuse sixty 
Japanese individuals. Every facial picture's essential size is 
256 pixels by 256 pixels. 

ImageNet is a data set containing over 15 million labelled 
high-goal images organized into approximately 22,000 
classes. The images were compiled from the internet and 
labelled by people who volunteered on Amazon's Mechanical 
Turk. Since 2010, the Pascal Visual Object Challenge has 
included a yearly competition known as the ImageNet Large-
Scale Visual Recognition Challenge. ILSVRC makes use of a 
subset of ImageNet, with approximately 1200 images in each 
of the 1200 classifications. There are approximately 1.3 
million preparing images, 52,000 approval images, and 
152,000 testing images in total. ImageNet contains images of 
varying sizes and objectives. As a result, the images' goal was 
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reduced to 256x256. A rectangular image is rescaled, and the 
resulting image is edited to remove the focal 256x256 fix [15]. 

 

IV. RESULT AND ANALYSIS 

The accuracy of the models in the test data for different 
spans of the noticed sequence is shown in Table 1 and Figure 
4. The precision pattern is mostly up, demonstrating that 
giving the model a fleeting setting improves characterization 
exactness. Except for the two lip models, who have the pattern 
up to the most extreme number of edges, everyone has 45 
edges. The edge model clearly performs the worst, whereas 
the CNN and RNN Lips lip models perform exceptionally 
well. In higher edges, the RNN lip model marginally 
outperforms the CNN lip model. The main point to emphasize 
is that in outlines greater than 25, there is a reasonable and 
supported expansion in lip model accuracy when contrasted 
with the relating face models. 

TABLE I. THE MODELS' DATA CORRECTNESS WAS EXAMINED THROUGHOUT 
A RANGE OF FRAME VALUES [18]. 

 

 

                  Fig. 4.  Shows a plot of the models' accuracy on test data [18]. 

Taking a gander at the exactness distinction between the 
lip models and their comparing face models, as displayed in 
Figure 5, we can see an increment in precision from 25 
housings, which seems, by all accounts, to be an immediate 
vertical example, similarly as the model count increments. 
When applied to the data in Figure 5, the direct relapse model 
yields a measurably critical incline of 0.0015, addressing the 
increase in accuracy for each additional casing in the data. The 
increased number of frames, as well as the upper limit of the 
precision metric, raises concerns about the persistence of basic 
emotional expressions in spontaneous conversations. The 
available data's precision gains, on the other hand, appear to 
increase linearly over the duration of the input sequence, with 
positive values starting at sequence. While crediting 
understandings to the activity of a discovery framework, for 
example, a neural organization is a perilous endeavor; the 
justification behind lip models does not deteriorate and 
develops straightly: joint-related data expands the helpfulness 
of the face. Assuming that the articulatory features of speaking 
subjects do not carry affect information, they cause the 
network to become articulation-invariant. Lip models can 
classify better with a larger number of frames because of 
providing more information at the start [18]. 

                  
Fig. 5.  Differences in the accuracy of the lip-only model and the facial-only 
model based on the testing data [18]. 

Table 1 shows the outcomes of the Waggle dataset's SVM 
(standard), VGG16, ResNet50, and co-learning models. The 
precision of our gauge SVM was 32 percent, while the 
precisions of VGG16 and ResNet50 were 59.2 and 65.1 
percent, respectively. The model includes character derivation 
layers, which can help it outperform VGG16 in terms of 
exactness, accuracy, and recovery. The ensemble-learning 
model, which combined VGG16 and ResNet50, achieved 67.2 
percent accuracy, 2.1 percent higher than either VGG16 or 
ResNet50 alone. The DEF dataset outperforms the Waggle 
dataset in terms of overall accuracy, as well as accuracy and 
retrieval. SVM had a precision of 38 percent, while VGG 16 
and ResNet50 had precisions of 70.8 percent and 74 percent, 
respectively. With an accuracy of 75.8 percent, the ensemble 
approach outperformed individual deep learning models. KEF 
and Waggle both use the same four models. Surprisingly, 
despite the fact that the dataset was much smaller, each of the 
four models outperformed wrangle in the DEF. We believe 
this is due to the DEF dataset's design and consistency in 
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terms of subject positions and the number of models for each 
point and feeling. The images in the DEF dataset are also of 
higher quality. Regardless of the larger picture goal, there 
were instances of text being displayed in the image's 
association with the Waggle dataset [15]. 

 

 

 

Where TP= True Positive, TN= True Negative FP= False 
Positive, FN= False Negative. 

T ABLE II.  PERFORMANCE OF THE KDEF DATASET (ACCURACY, PRECISION, 
AND RECALL) FOR SVM, VGG-16, RESNET50, AND ENSEMBLE LEARNING 
MODELS [15]. 

 Accuracy Precision Recall 

SVM 37.9%  50.1%  54.9%  

VGG-16 71.4%  81.9%  79.4%  

ResNet50 73.8%  83.3%  80.7%  

Ensemble 75.8%  85.0%  82.3%  

 

VI. CONCLUSION  

In this we observed that accuracy of the data percentage is 
less with the CNN, RNN, DNN and VGG16 architecture of 
parsed images and by using VGG19 architecture we can 
improve the accuracy percentage along with dense layer and 
we can demonstrate that our technique outperformed the 
cutting-edge strategies. From all the Architectures VGG16 
have achieved 71.4% is very less when compared with 
ensemble, but very high when compared with CNN, RNN and 
DNN and with parsed image VGG19 on facial expression we 
can improve accuracy of facial expression. 

REFERENCES 

[1] I.Michael Revina, W.R. Sam Emmanuel, A Survey on Human Face 
Expression Recognition Techniques, Journal of King Saud University - 
Computer and Information Sciences, Volume 33, Issue 6, 2021, Pages 
619-628. 

[2] Y. Lv, Z. Feng and C. Xu, "Facial expression recognition via deep 
learning," 2014 International Conference on Smart Computing, Hong 
Kong, China, 2014, pp. 303-308. 

[3] Keyur Patel, Dev Mehta, Chinmay Mistry , Rajesh Gupta, Sudeep 
Tanwar, Neeraj Kumar, Mamoun Alazab “Facial sentiment analysis 
using ai techniques: state-of-the-art, taxonomies, and challenges”,2017. 

[4] Jinpeng Lin, Hao Yang, Dong Chen, Ming Zeng, Fang Wen, Lu Yuan; 
Proceedings of the IEEE/CVF Conference on Computer Vision and 
Pattern Recognition (CVPR), 2019, pp. 5654-5663 

[5] Sungheetha, Akey, and Rajesh Sharma. “3D Image Processing using 
Machine Learning based Input Processing for Man-Machine 

Interaction.” Journal of Innovative Image Processing (JIIP) 3, no. 01 
(2021): 1-6. 

[6] Manoharan, J. S. (2019), “A smart image processing algorithm for text 
recognition, information extraction and vocalization for the visually 
challenged”, Journal of Innovative Image Processing, 1(1): 30 – 38. 

[7] Xiaoming Zhao, Shiqing Zhang. (2016) A Review on Facial Expression 
Recognition: Feature Extraction and Classification. IETE Technical 
Review 33:5, pages 505-517. 

[8] Deepak Kumar Jain, Pourya Shamsolmoali, Paramjit Sehdev, Extended 
deep neural network for facial emotion recognition,Pattern Recognition 
Letters, Volume 120, 2019, Pages 69-74. 

[9] Neha Jain, Shishir Kumar, Amit Kumar, Pourya Shamsolmoali, 
Masoumeh Zareapoor, Hybrid deep neural networks for face emotion 
recognition, Pattern Recognition Letters. 115(2018). 101 -106. 
https://.org/10.1016/j.patrec.2018.04.010. 

[10] L. Ma and K. Khorasani, Facial expression recognition using 
constructive feedforward neural networks, in IEEE Transactions on 
Systems, Man, and Cybernetics, Part B (Cybernetics), 34(2004).1588- 
1595.10.1109/TSMCB.2004.825930. 

[11] P. Liu, S. Han, Z. Meng and Y. Tong, Facial Expression Recognition via 
a Boosted Deep Belief Net- work, 2014 IEEE Conference on Computer 
Vision and Pattern Recognition, Columbus. 2014.1805-1812 . 
10.1109/CVPR.2014.233. 

[12] Breuer, R.; Kimmel, R. A deep learning perspective on the origin of 
facial expressions. arXiv 2017, arXiv:1705.01842 .  

[13] Jung, H.; Lee, S.; Yim, J.; Park, S.; Kim, J. Joint fine-tuning in deep 
neural networks for facial expression recognition. In Proceedings of the 
IEEE International Conference on Computer Vision, Santiago, Chile, 7–
12 December 2015; pp. 2983–2991. 

[14] Ng, H.W.; Nguyen, V.D.; Vonikakis, V.; Winkler, S. Deep learning for 
emotion recognition on small datasets using transfer learning. In 
Proceedings of the 17th ACM International Conference on Multimodal 
Interaction, Emotion Recognition in the Wild Challenge, Seattle, WA, 
USA, 9–13 November 2015; pp. 1–7. 

[15] Poonam Dhankhar (2019) “ResNet -50 and VGG-16 for recognizing 
Facial Emotions”, International Journal of Innovations in Engineering 
and Technology (IJIET)”, Volume 13, ISSN: 2319-1058. 

[16] Lucey, P.; Cohn, J.F.; Kanade, T.; Saragih, J.; Ambadar, Z.; Matthews, 
I. The extended Cohn-Kanade Dataset (CK+): A complete dataset for 
action unit and emotion-specified expression. In Proceedings of the 
IEEE Conference on Computer Vision and Pattern Recognition 
Workshops, San Francisco, CA, USA, 13–18 June 2010; pp. 94–101. 

[17] Lyons, M.J.; Akamatsu, S.; Kamachi, M.; Gyoba, J. Coding facial 
expressions with Gabor wave. In Proceedings of the IEEE International 
Conference on Automatic Face and Gesture Recognition, Nara, Japan, 
14–16 April 1998; pp. 200–205. 

[18] Bursic, Sathya & Boccignone, Giuseppe & Ferrara, Alfio & D'Amelio, 
Alessandro & Lanzarotti, Raffaella. (2020). Improving the Accuracy of 
Automatic Facial Expression Recognition in Speaking Subjects with 
Deep Learning. Applied Sciences. 10. 4002. 10.3390/app10114002.  

[19] Smys, S., and Jennifer S. Raj. “Assessment of Fire Risk and Forest Fires 
in Rural Areas Using Long Range Technology.” Journal of Electronics 
2, no. 01 (2020): 38-48. 

[20] Manoharan, J. S. (2017), “Super-resolution reconstruction model using 
Compressive Sensing and Deep Learning”, International Journal for 
research and development in Technology”, 7(4): 884 – 889. 

[21] Joe, Mr C. Vijesh, and Jennifer S. Raj. “Location -based Orientation 
Context Dependent Recommender System for Users.” Journal of trends 
in Computer Science and Smart technology (TCSST) 3, no. 01 (2021): 
14-23. 

[22] Michael Revina, W.R. Sam Emmanuel, “A Survey on Human Face 
Expression Recognition Techniques”, Journal of King Saud University - 
Computer and Information Sciences”, Volume 33, Issue 6, July 2021, 
Pages 619-628. 

 

 

Proceedings of the Fifth International Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-SMAC)
IEEE Xplore Part Number: CFP21OSV-ART; ISBN: 978-1-6654-2642-8

978-1-6654-2642-8/21/$31.00 ©2021 IEEE 1006

Authorized licensed use limited to: National Institute of Technology Goa. Downloaded on August 23,2022 at 09:52:21 UTC from IEEE Xplore.  Restrictions apply. 



Query Optimization Techniques in Wireless 
Sensor Network: A Review 

 

Rebekah Calvin.B 
PG Student, Department of CSE  

Gokaraju Rangaraju Institute of Engineering & Technology 
Hyderabad, India 

rebekacalvin@gmail.com  
 

Kavitha Kayiram 
Associate Professor, Department of CSE 

Gokaraju Rangaraju Institute of Engineering & Technology 
Hyderabad, India 

kavitha.bits@gmail.com  
 

Dr. R.V.S.Lalitha 
Professor, CSE 

Aditya College of Engineering & Technology, 
Kakinada 

 
Abstract— A Wireless Sensor populated in sensor nodes deployed 
Network (WSN) could be considered as a scattered data 
repository which gets in remote locations powered by limited 
batteries. To retrieve data from these nodes query processing 
techniques are used. As the applications of WSN are found in 
remote locations and extreme weather conditions the 
replacement or recharge of battery is impossible. Henceforth, it is 
highly required to conserve the battery power in order to 
increase the network lifetime. Among the sensing, storing, 
transmitting and receiving activities of sensor nodes, data 
communication is the most dominant energy consuming activity. 
Hence query optimization techniques are in huge demand in 
WSN. This paper presents the prominent query optimization 
algorithms that are used in WSN to address the issue of energy 
efficiency. The purpose of this review is to give an overview of the 
existing literature and research issues in query optimization 
techniques in WSN. 

Keywords— Wireless Sensor Networks, Query Optimization, 
Genetic Algorithm, Energy efficiency, distributed computing. 

 

I. INTRODUCTION 

A Wireless Sensor Network (WSN) [1] may be 
considered as a distributed database as the sensor nodes 
continuously capture the data and multiple sensor nodes 
collaborate to form a network. A sensor network consists of 
tiny sensor nodes operated on limited battery power and 
deployed in remote locations like volcanic disruption, 
earthquake detection system, forest fire detection system etc. 
The sensor nodes sense environmental parameters like 
temperature, pressure, humidity, light etc., and transmit to the 
nearby sensor nodes within their communication range. As 
these networks are operated in extreme weather conditions and 
hard-to-reach locations, it is extremely difficult and 
impossible to replace batteries. Hence, we need to conserve 
the battery power by optimal utilisation. The sensors perform 
sensing, receiving and transmission of data to their neighbors. 
A sensor node expends 80% of power in data transmission 

hence we need to minimize the data transmission activities to 
extend the time span of the network.  In the process of data 
extraction the user can submit a query in TinySQL and the 
network of nodes send the resultant data as shown in Figure1. 
The TinySQL is the query language used in WSN. The Select 
statement in TinySQL offers projection, aggregation, Having, 
Group by clause. The user submits his data requirement in the 
form of TinySQL queries to the WSN. In WSN, the sink node 
requires responses from various sensor hubs. The reactions 
from various sensor hubs are gathered at the sink hub. The 
primary errand in query handling is to figure a query and 
query plan at the sink hub. Query processing happens in four 
stages [5], for example, query decomposition, data 
localization, global optimization and distributed execution. 
 

 
Fig. 1 Query Processing in WSN 

 

II. PROCEDURE FOR QUERY PROCESSING IN WSN 

 
Initially clients present their queries to the base-

station At that point the query optimizer of the base-station 
investigates the query and produces an enhanced query plan. 
Query streamlining agent chooses the best and productive 
arrangement for the execution. Code generator produces the 
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code for the chosen arrangement and interpreter creates 
executable code for the query. Query at that point spreads to 
the sensor hubs in the system by means of directing technique. 
In the wake of getting the query, sensor hubs sense the 
environment, collect the information and procedure the 
information as indicated by the query. The pre-prepared 
information will be submitted back to the sink node. 
Considering the requirements of WSN, query optimization 
activity selects the efficient query plan and data processing 
according to query are the main challenges. Therefore, energy 
efficient query processing in WSN plays an important role. 
As sensor nodes are powered by a battery, they have confined 
energy; hence it becomes a big challenge in designing routing 
protocol. The recharge or replacement of the battery is 
difficult since most of the sensors are remotely placed. Hence 
we need to conserve the battery power in a WSN through 
various techniques. One of the network activities is routing 
that we can devise to diminish energy utilization of sensor 
hubs and increment the network lifetime. Routing protocols 
support network lifetime and maintain connectivity between 
nodes while guaranteeing good performance. A large portion 
of the analysts concentrated on diminishing the energy 
utilization of sensor hubs without debasing the nature of WSN 
framework.  
 

Energy utilization is aggregation of the total energy 
utilized by each and every sensor hub present in the network 
when moving and preparing the submitted packet or query. 
Since sensor nodes are battery powered, they have limitations 
in energy; hence it becomes a challenge in designing routing 
protocol. Battery replacement is difficult since most of the 
sensors are remotely placed. The estimation of energy 
utilization utilized by sensor hubs is a significant presentation 
metric in assessing a WSN directing strategy. A proficient 
routing calculation that can lessen vitality utilization of sensor 
hubs will build the system lifetime. Routing protocols support 
network lifetime and maintain connectivity between nodes 
while guaranteeing good performance. The vast majority of 
the specialists concentrated on decreasing the energy 
utilization of sensor hubs without corrupting the nature of 
WSN framework. 
 

Data storage in WSN [2] can be categorized as 
centralized (unified) data storage and distributed 
(appropriated) data storage. In unified methodology [3] a 
predetermined set of information is normally conveyed from 
the sensing nodes to a focal database. Clients can query the 
database by means of some interface given by the framework. 
The subsequent methodology is appropriated in nature where 
information is kept on the sensors where the detected 
information dwells in the sensor hub and the collected 
information is sent to the sink hub. In the appropriate 
approach, the information that should be extricated from 
sensing nodes is controlled by the query remaining burden. 
The disseminated approach is, hence, not just adaptable to 
such an extent that queries separate various information from 
sensor arrangement, and furthermore guarantees productive 

extraction of just significant information from the sensor 
organization. 

 

III. VARIOUS QUERY PROCESSING TECHNIQUES 

 
A tremendous contrast is seen amongst query processing in 

conventional databases with WSNs. In conventional 
databases, the efficient query plan picked by the query 
optimization agent is the one that requires the least number of 
disk accesses [4]. Query processing among conventional 
databases is for the most part inadmissible for WSN. Be that 
as it may, in WSNs the analyzer picks the query plan which 
gauges negligible energy cost. Notwithstanding this the thing 
that matters is because of the natural properties of the sensors 
establishing the remote system. The hub including a WSN is 
increasingly inclined to disappointments, has limited memory 
size, and utilizes tremendous measures of energy for 
information transmissions, information streaming and so on. 
As opposed to the customary query processing approach in 
DBMS, the information is a consistent information stream 
obtained by a sensor in a WSN. So as to guarantee proficient 
query processing in WSNs, different asset administrations 
like-memory, energy, data transmission and so forth ought to 
be thought of. Query processing methods in sensor systems 
can be sorted into In-network handling or Base station query 
handling. These are otherwise called circulated handling or 
warehousing. Appropriated handling or In-network processing 
decrease data transferrable costs. Warehousing approach 
includes information transferring (for processing), to the 
particular spot midway found outfitted with plentiful energy. 
 

A. Data Aggregation with respect to results obtained from 
query processing:  

Data aggregation targets expanding the time span of the 
network by lessening information transfers that are repetitive. 
This particular procedure totals the comparative information 
detected by different sensor hubs going through a specific hub 
before arriving at the base station. Information aggregation 
methods might be characterized into i) chain-structure ii) tree-
structure and iii) lattice structure collection [4]. The data 
might be totaled with the assistance of different accumulation 
plans like Low Energy Adaptive Clustering Hierarchy 
(LEACH), Tiny Aggregation (TAG) and so on. The collection 
might be carried out either by i) Decrementing the information 
size or ii) transmission without decreasing the information 
size. The first strategy includes joining and packing the 
information detected at a specific hub which gets the 
information from other neighboring hubs previously 
permitting them to advance toward the base station. In the 
subsequent technique, the information that is gotten from 
different hubs is converged at a specific hub which lessens 
correspondence overheads. Further processing does not 
happen on the particular consolidated information which is 
next sent to the sink node. 
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B. Query Dissemination for processing different queries: 

The client transmits a query to the sink node through a 
graphical interface. At a point where the sink node gets that 
query, [5] it contrasts it and the query history. In the event that 
it is as of now utilized, the base station utilizes the past 
estimations from its reserve. In the event of ongoing 
estimation required, the query is set in the dynamic rundown. 
In a circumstance where the transfer hub gets a query, the 
Deadline Controller contrasts the query cutoff time and the 
current time. On the off chance that it seems, by all accounts, 
to be not exactly the query cutoff time, the exchange will be 
transmitted to the scheduler. Otherwise, the exchange is 
prematurely ended. When a hand-off hub gets a query reaction 
from its child hubs, the query would be expelled from the 
scheduler. Or else, the transfer hub transmits the query one 
more time to its child hubs until the affirmation of a reaction is 
gotten. At the point when the child hub gets the query, it 
confirms its cutoff time. On the off chance that the exchange 
has missed its cutoff time, it will prematurely end naturally. 
Every hub deals with the received queries by being 
independent with other sensor hubs. 
 

C. Spatial query processing : 

In-network query processing [6] components utilize the 
area information to answer an uncommon sort of query called 
spatial query. In such queries the clients requests are 
communicated through topographical predicates, for example, 
''the humidity gathered by hubs in a district'' or ''the dampness 
gathered by hubs nearest to a point''. Spatial queries are 
database inquiries upheld by geo-databases. Spatial queries 
contrast from customary questions in dual primary concerns. 
To start with, they join geometry information types, for 
example, focuses and polygons. Secondly, these questions 
think about the spatial connection among the characterized 
geometries, for example, a point inside a polygon or a polygon 
that covers another.Spatial queries processing are analyzed in 
six stages: Pre-Processing, Forwarding, Dissemination, 
Aggregation, Sensing and Return. 
 

A skyline query [7] is an intense apparatus for multi 
criteria information investigation, information mining, and 
basic leadership. Given an arrangement of information tuples 
with different properties, a skyline query recovers an 
arrangement of information tuples, called skyline tuples, to 
frame a skyline. These skyline tuples are not ruled by some 
other tuples. Here a tuple x is said to command the other tuple 
y if x isn't more awful than y on all traits and x is entirely 
superior to y on somewhere around a single property. Due to 
the complex and costly features of mobile devices like 
superior processors, memory, sensors and capacity there is a 
huge requirement for skyline query processing. 
 

D. Spatio Temporal Processing:  

One of the traditional data processing techniques [8] that is 
Spatio-Temporal processing (STP) is a control strategy to 
expand the nature of the received signals in remote systems. 

There are a few methods for energy proficient handling of 
Historical Spatio-Temporal queries, HST. The response to a 
HST question is framed through the estimations of all sensing 
nodes situated in the territory taken when the time is being 
extended. A clear method to answer a HSTquery, called 
FullFlood, is reaching each system hub. The query originator 
hub, which could be a random hub in the system, 
communicates the query to its neighbor hubs, which thus 
communicate the query to their neighbor hubs, etc, until all 
hubs have acquired the query. An outcome of broadcasting is 
that every sensing hub could get a similar query a few times. 
For single query, a hub forms just the primary query message 
acquired, disposing of ensuing messages. The query answers 
are sent back uniquely to the neighbor sensor hub from where 
the query was first gotten from. To the various neighbor 
sensor hubs, vacant answers are sent. At the point when the 
query is acquired, the hub broadcasts the query, chooses the 
privately put away information pertinent to the query 
(assuming any), hangs tight for its neighbor sensor hub’s 
answers and unions them with its own, lastly it restores the 
response to the neighbor sensor hub that it acquired the query 
from. When the query originator hub gets results from every 
one of its neighbor hubs, it can give the query result to the 
client. 
 

E. Query Request Processing With Cooperative Caching:  

The examination in [9] says, when a lot of query 
solicitations of simultaneous errands have been changed over 
into a binary string, which speaks to the arrangement of traits 
in all lattice cells at a specific time allotment, tactile 
information are brought from the reserve at sensor hub, or 
recovered from the system in an ongoing manner, for noting 
these question demands. 
 

Some applications of WSN require data on a continuous 
basis. Such time critical military applications as shown in 
Figure 2 require every sensor node to continuously sense and 
send data to the base station. Such systems are termed as push-
based query processing models. Certaine applications of WSN 
require only a snapshot of the network data, such queries are 
intended only to a part of the network or few nodes in the 
network or maybe complete network data at the moment or 
based on previous data, such systems are called pull-based 
systems. In a pull- based system the base station sends a query 
to the network on need basis. Here the query could be based 
on already sensed data (historical data) or the current data. 
Database query engines utilise pull-based or push-based 
methodologies [10] to stay away from the appearance of 
information to query administrators. Through queries, data is 
either pushed from sensor nodes to a gateway, or pulled from 
the gateway. Hybrid push-pull data dissemination performs 
better than the pure approaches and offers significant energy 
savings.  
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Fig. 2 WSN in Military Applications 

F. a)Push based query:  

Engine which is also known as the visitor pattern [10] is 
widely used in streaming systems. Inpush-based query 
engines, the control stream is switched contrasted with that of 
pull-based engines. All the more solidly, rather than goal 
administrators mentioning information from their source 
administrators, information is pushed from the source 
administrators to the goal administrators. 

 
b) Pull based query: 

Engine which is also known as the iterator pattern 
[10] is most broadly utilized in pipelining strategies in query 
engines. The structure of pull-based engines legitimately 
relates to the iterator configuration structure in object arranged 
programming. Each query administrator plays out the job of a 
goal administrator and solicitations information from its 
source administrator. In a pull engine, this is accomplished by 
summoning the following capacity of the source administrator 
and appears as control stream diagrams. 
 

IV. VARIOUS PLANS FOR QUERY PLAN GENERATION 

Query optimization diminishes the quantity of queries 
brought into the sensor network, and accordingly brings down 
the general traffic and asset use over the network. Query 
optimization strategies can be applied at various levels (e.g. 
equipment, programming, information connect directing, 
working framework etc). They can be classified as static or 
dynamic. Static optimizations are planned at the arrangement 
time and stay unaltered. Dynamic optimization gives 
improvement during runtime concurring the application 
prerequisite.  

A. Base Station optimization: 

The primary level optimization is at the base station. It 
goes about as a channel to diminish copy information accesses 
from the network and conceals query elements.  

 
B. In-Network optimization:  

Base station advancement can't bolster sharing of the 
normal highlights among queries at the best granularity. 
Communicate nature of the sensor hubs are not contemplated 
for the base station enhancement. Sensor hubs can settle on 
nearby choices and handle the remaining burden with time. 

 
C. Query based methodology : 

 Query based methodology [4] is one among the 
broadly acknowledged methodologies for information retrieval 
as shown in Figure 3. This depends on forming a query to the 
database for data recovery. The explanation behind its fame is 
its ease to work with interfaces. The queries given for the data 
extraction are limited with boundaries while showing the 
sensed information and performing different total calculations 
like least, greatest and so on this information. The key 
attributes of the information sensed in the system are both 
memory and time. The query dialects face trouble in 
representing them. 

 
         Fig. 3 Query based methodology for Information 

Retrieval 
 D. Distributed query plan generation problem (DQPG) : 

It is an unpredictable and difficult issue, Honey bee 
Mating Optimization (HBMO)based DQPG [12] algorithm is 
introduced which creates a query processing plan, for a given 
conveyed query, which limits the query proximity cost QPC. 
This algorithm produces disseminated query plans dependent 
on the nearby feature of a query plan. Contributions to the 
algorithm are the connection location network, lot of 
automaton query plans, most extreme introductory pace of the 
queen query plan, least passable pace of the queen query plan 
needed to keep mating flights, the pace decrease plot, measure 
of the queens query plan (number of query intends to be 
considered for development), count of mating flights 
(iterations) to be attempted and the quantity of working drones 
(arrangement improvement heuristics). In this methodology an 
underlying populace of honey bees, speaking to the underlying 
arrangement of drone query plans is arbitrarily created. This 
underlying populace, that goes about as the input, is tried to be 
advanced by the HBMO based DQPG algorithm to acquire a 
predominant quality populace of query plans. 
 

Query Optimization in Distributed databases is a 
complex issue with confused target works along these lines 
ground-breaking search algorithms is required for it.  
 
E. Ant Colony Optimization : 

Ant Colony Optimization (ACO) [13] is a meta-
heuristic, multi specialist procedure that recreates the 
scavenging conduct of ants for unraveling troublesome NP-
hard combinatorial optimization issues. Ants are social bugs 
whose conduct is coordinated more inclined to the endurance 
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of settlement all in all than that of a solitary individual of the 
state. A significant and intriguing conduct of an ant colony is 
its circuitous co-usable foraging process. Ant Colony 
Optimization depends on the conduct of some ant species. 
They store pheromone trails on the floor so as to make an 
ideal way that will be trailed by different ants from the colony. 

 
A hybrid algorithm of Genetic Algorithm and Ant 

Colony Optimization (GA-ACO) is given in [13] to tackle the 
issues of optimization of join requesting (just nested circle 
joins considered) in social repository queries by defeating the 
weaknesses of the two combined algorithms. Various nature 
roused algorithms have been proposed to take care of 
optimization issues.Out of which few are briefed below: 

 
According to the approach in [14] query plans have 

been generated in view of the commonality of the information 
needed for answering the query. The Genetic algorithm 
considers the relations in the FROM clause, the hubs having 
this information, the likelihood of hybrid (crossover), 
likelihood of change (mutation) and the pre-indicated number 
of generations as input, and produces the top-K inquiry plans 
as yield. Queries need effective processing, which commands 
formulating of ideal query processing techniques which create 
productive query processing plans for an appropriate query 
sent. A proficient query handling plan is required from among 
all the conceivable query plans. For a noticed crossover and 
mutation rate, GA approach unites rapidly towards the ideal 
query processing plans. According to the research of [15] it 
briefly illustrates a table containing various variables and 
viewpoints to assess the worth every optimization strategy 
gives from adaptability to dependability. 
 

According to [16] we present a novel query 
optimization methodology known as clock stroke event 
handler for the database reflection of WSNs which comprises 
different clients. The assessment results show the proposed 
conspire which essentially diminishes the energy utilization in 
both single and numerous base station situations. 
 

According to [17] the attainment of least expenses 
become complex in nature which can be illuminated in 
polynomial opportunity to accomplish global ideal expense of 
information transmission by Clonalg algorithm. 
 

In 1975, John Holland had proposed the possibility of 
Genetic algorithm (GA) [18]. GA is a searching heuristic that 
emulates the procedure of normal advancement. This heuristic 
is much of the time used to create helpful answers for 
optimizing and exploration issue. Genetic algorithms use 
mutation, selection and crossover operators to give rise to 
better results.  
 

From the study of Particle Swarm Optimization 
(PSO) [18] PSOis a vigorous optimization procedure roused 
from the development and insight of swarms. This 
methodology includes a lot of possible arrangements (called as 

particles), being scattered at different focuses in the 
arrangement space. Every point shows target work esteem, 
subsequently it has fitness, for its present area. Particles move 
(fly) in a way that every particle's development is impacted 
because of the accompanying two factors: 
a) The best fitness accomplished by the particle up until this 
point.  
b) The efficient fitness accomplished by a random particle in 
its area. 
 

In this scenario, we can consider queries as the 
particles which will travel to different nodes till it reaches the 
destination node to obtain the user required result. 
One of the solutions to address the problem of generation and 
choice of query plan is nature inspired algorithms. These 
algorithms have been rendered to tackle various genuine 
multifaceted issues. Such issues are helped by Bio-inspired 
algorithms. Artificial Immune System (AIS) [17], is enlivened 
from the common human immune system. Clonal selection 
procedure, one of AIS approaches, has been talked about in 
the examination to create ideal dispersed query plans in 
appropriated wireless sensor networks. 
 

According to the research done in [21] to identify a 
direct way from the query originator hub to a hub that is 
situated at the focal point of query's spatial window, 
GreedyDF algorithm utilizes a greedy technique. The query 
originator advances the query to its neighbor found nearest 
hub, which thus advances the query to its neighbor nearest 
hub, etc. The GreedyDF algorithm utilizes few messages; 
however it doesn't ensure that a routing way to a hub in the 
query's spatial window will be initiated. Greedy based routing 
strategies for location based directing in adhoc networks have 
appeared to almost ensure conveyance for dense network 
graphs, yet doesn't function appropriately every now and again 
for scanty network graphs. 
 

According to the study of [22] query optimization 
issues are addressed by stressing the implication aware 
cooperation in the sensor networks. Rather than diving straight 
to the solid activities, (for example, information sensing, 
filtering, total, and storing) and connecting examples of sensor 
information, concentration is around the effect of suggestion 
and the technique to use it, so the aggregate energy 
expenditure of query processing is limited. This methodology 
is named as EE-QPS (Energy-Efficient Query Processing 
among heterogeneous sensor systems). 
 

In a query based remote sensor network, most of the 
queries perhaps are sent to a particular hub and a hotspot issue 
arises and rapidly expends the energy of the particular hub. 
The traffic flow near the neighboring area of that node is also 
influenced by the hotspot. To solve the hotspot problem, [23] 
illustrates two specialists setting algorithms, distance-based 
agent selection (DAS) and greedy-based agent selection 
(GAS) to moderate the traffic stream close to hotspot. 
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The study in [24] proposes Minimum Hot-Spot 
(MHS), a distributed algorithm that makes a reasonable query 
directing tree associating all hubs in the system. First the 
methodology of this issue being separated per tree profundity 
is talked about and afterward deciding the base conceivable 
correspondence cost expected to develop a tree. 
 

The study in [25] reviews and explains the 
procedures of a familiar algorithm, Naive-k for top-k query 
assessment which registers the appropriate response in bottom 
up approach in one pass over the network.  
 

Real Time Query Scheduling (RTQS) in [26] is 
intended to accomplish high information efficiency and 
separated query latencies through organized simultaneous 
clash free transmission planning. The received methodology 
depends on utilizing two parts: an organizer and a scheduler. 
Two regular RTQS algorithms: Non-preemptive Query 
Scheduling (NQS) and Preemptive Query Scheduling (PQS) 
are discussed further in [26]. 
 

According to the study of [27] one methodology in 
WSN preparing, interprets the WSN as a disseminated 
database, and the handling job infused into hubs for execution 
is the assessment of a query evaluation plan (QEP). In this 
methodology, clients indicate required information necessities 
as decisive queries, which the framework, called a sensor 
network query processor (SNQP), orders into optimized QEPs 
for infusion into the WSN. Through occasional assessment, a 
flood of outcomes is sent back to the clients by means of the 
base station. 
 

Sensor Network query processing (SNQP) [28] is one 
of the method that utilizes query and WSN over that it is to be 
run, to think of a energy proficient Query Evaluation Plan 
(QEP) that distributes processing inside the assortment of QEP 
sections to the hubs inside the WSN. 

V. OPEN RESEARCH ISSUES 

Several challenges need to be addressed and further 
examination is required in WSNs. A portion of the open 
exploration issues for WSNs that can be fathomed utilizing 
Machine learning and Artificial intelligence (AI) are listed out 
as follows: 

1) To distinguish the flawed sensor hubs from the 
network. 

2) To identify irregularity in the network.  
3) To find ideal cluster heads in the system. 
4) Efficient various objectives tracking for versatile 

WSNs.  
5) To distinguish an occasion from the perplexing 

sensor information.  
6) To conjecture the measure of vitality (energy) to be 

reaped inside a particular time period in the network. 
7) To predict the network lifetime in WSN. 

VI. CONCLUSION 

Taking into account the above study, it is presumed 
that however there are a lot of data extraction methods, in 
WSN, every single method has its merits and demerits. Query 
based methodology is the highest mainstream in light of its 
usability and its capacity to render a large portion of the data 
requirements in WSN. To battle the natural imperatives of 
restricted energy and transfer speed, query processing and 
transmission optimization are the fundamental zones of study. 
Query optimization techniques and different procedures have 
been examined in this paper. These procedures can be utilized 
by the client as indicated by necessity of use and resources 
accessible.  
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Abstract. The Soil testing centers basically check only for primary nutrient 
values of the soil like Nitrogen, for growth of leaves, Phosphorous for root 
growth and Potassium for overall functions of plant which takes lot of time for 
reaching results to the Farmer. But in this system NPK values along with 
Temperature, Pressure and Humidity are also sensed for making the process 
efficient and make farmer to access the results along with suggestions in no 
time using their personal digital devices. The type of the soil solely depends 
upon primary conditions of the soil like temperature, moisture and humidity. 
Ideal soil temperature and realistic soil temperature are the two parameters for 
plant growth. Usually the temperature lies somewhere between ideal and 
realistic temperature. Soil temperature is the ratio of heat in the soil and the 
heat between atmosphere and soil. For organic forming the temperature is the 
key parameter for plant growth. The heat coming from the sun is absorbed by 
the soil, resulting temperature of the soil. The solar radiation is directly 
proportional to the heat reaching the soil. Humidity is the amount of moisture 
that is presented in the soil. The DHT11 sensor is used to measure temperature.  
Soil moisture is the prime factor for farm productivity. The moisture content 
depends on the number of water molecules attracted by the soil particles. 
Atmospheric humidity is expressed as a percentage of moisture in the air. The 
humidity around plants can be increased using gravel trays with water poured 
in it.  Excess water cannot get enough oxygen from soil and lack of water 
obstructs plant growth. Hence level of moisture is significant for planting. The 
level of moisture is detected using moisture sensor. Each nutrient is added with 
reagent to form color. The darker color indicates increased concentration of the 
nutrient that is present in the soil. The color detection using Color sensor 
enhances accuracy parameters. In this process both manual and automated 
processes are included. 

 
Keywords: NPK; Color sensor; Temperature sensor; Humidity sensor; IoT 



1   Introduction 

 The extraction of nutrient values evolves the process of testing the condition of the 
soil. The soil analysis helps in analyzing the condition as well as predicting the type 
of crops that suits the soil condition. In due course, if the process is delayed, the soil 
parameters may vary. Real time detection of NPK values assists in obtaining the 
accurate values. In this paper, IoT based device is used to NPK values using color 
sensor. As primary conditions are also important in analyzing the condition of the 
soil, temperature and humidity values are also detected using DHT11 sensor. Using 
sensors the quality of soil is determined repeatedly and the NPK values will be 
captured. This reduces the time in taking soil samples to test centers and sending 
results back after analyzing. 

2   Literature Survey 

 Soil analysis and Crop analysis plays significant role in cultivation. In general the 
detection of Nitrogen, Phosphorous and Potassium can be calculated by adding 
calcium sulfate and Mehlich. The color can be traced using filtration process and 
color comparator boxes. One of methods used for NPK analysis is Nitrogen Kjeldahl. 
Total Kjeldahl nitrogen (TKN) is the sum of organic nitrogen, ammonia (NH3), and 
ammonium (NH4+).  To calculate Total Nitrogen (TN), the concentrations of nitrate-
N and nitrite-N are determined and added to the total Kjeldahl nitrogen. Today, total 
Kjeldahl nitrogen is a required parameter for regulatory reporting at many treatment 
plants. The NPK analysis is done using Colorimeter which is used for environmental 
and biological applications. The plant growth characteristics were analyzed using 
NPK analysis. NPK analysis and decease detection in plants is done using IoT and the 
results were made it available. The analysis part is done using statistical analysis[1]. 
Fertilization plays important role in cultivation. It improves productivity in plants[2]. 
The effect caused due to loss of N, P or K leads to leaching, wet and dry conditions. 
Volatile ammonia lands are to be focused in rice lands[3]. NPK detection is pretty 
much used in crop analysis. NPK values and moisture are detected using 
corresponding sensors and ThingSpeak cloud is used for cloud to store data sensed by 
sensors[4]. Electro chemical, radio and optical sensors are used in analyzing soil 
conditions. Image processing and Neural network approach are very much accurate 
when detecting NPK values[5]. Soil fertility is evaluated using prediction and 
classification. Neural network provides better prediction results in classification 
[6,13,14]. The investigation of physiochemical properties of tobacco plants and the 
uptake of NPK were done using pot experiments[7]. Environmental risks and 
economic loss of sugarcane crop can be increased with N detection[8,11,15]. This 
paper suggests NPK analysis using IoT and made it available through mobile. The 
detection of NPK analysis is performed prior and are analyzed as low/medium/high 
are done based on threshold values set by Agro forums. 



3   Real Time analysis of NPK using Sensors 

The mechanism exhibited and various steps carried out are illustrated in Fig.1. 

 
Fig.1. Outline of NPK Analysis 
 

 In the conventional process the soil is collected using V method and the soil is 
sieved. The sieved soil is then tested for NPK values by adding reagents. Later the 
change in color is compared the NICE color charts. As the color of soil is changed 
during the entire process leads to erroneous results. The presence of NPK values will 
be estimated based on the color of the liquid formed with the naked eye detection 
using the color chart shown above. If the process is delayed, the colors formed will be 
changed and will not give exact analysis. The time consumed for transferring the soil 
to research centers takes some amount of time and by the time the process starts, the 
conditions of the soil may change due to environment effect. Fig.2 shows the 
preparation soil in detecting color for NPK detection manually.  

 

 
Fig.2. Manual process of Soil testing. 
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In real time IoT based analysis is done. The color detection is done using Color 
sensor and the data is uploaded in cloud for real time analysis and is then compared 
with the color charts for NPK detection. This is interpreted in Fig.3.
carried out in real time using sensors, exact detection will be traced. The sensed 
values will be sent to cloud and then used for NPK detection. The process is carried 
out in 4 stages. 1. Preprocessing of the soil, 2. Adding reagents to estimate NPK 
values, 3. Detecting color using color sensor and 4. Estimation of NPK level in the
soil 

 

Fig.3. NPK analysis in Real time using IoT.
3.1.   Preprocessing of the soil
 The soil must be collected from one acre of land from four different corners and 
from the middle. We should choose the area in such a way that it must be exposed to 
sun and no pesticides must be applied on it from past 6 months’ time duration. The 
soil is to be collected in V model. V model is a model in which the soil can be digged 
in v model using aagar (instrument to dig the soil). We must take soil from 15 cm 
down to the surface of soil. The soil may be in rock form or in any other form. The 
soil must be collected from the 15 cm down to the surface of soil. The soil sample 
collection area must be exposed to sunlight and no shade must be on that particular 
region. 

The soil taken from 5 places are combined and undergone into 
method. Sieving is a method in which the rock particles in the soil will be powdered. 
Now the powdered soil undergoes into sieving in which the rock particles and fine 
soil are separated. We should ensure that the soil is finely powdered. Take 500 grams 
of soil for testing. The Finely powdered soil can undergo into several chemical 
reactions to estimate values of Nitrogen, Phosphorous and Potassium that are present 
in the soil. 

 
3.2.   Adding reagents to estimate NPK values

i. Adding reagents to estimate Nitrogen 
 Take 5cc of soil and 25 ml of nitrogen reagent 1 into the soil and shake for 5
minutes. Then add a pinch of decolonizing agent into the soil and mix well. Filter the 
solution using funnel and filter paper. Next add 2 drops of nitrogen reagent 2 and mix 
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well. Wait for 1-2 minutes for color forming.The liquid formed in this process is 
separated from the soil and is used to detect color. 

ii. Adding reagents to estimate Phosphorous  
 Take 5cc of soil and 25 ml of phosphorous reagent 1 into the soil and mix well for 
15 minutes. Add a pinch of decolonizing agent and mix well. Filter the solution using 
funnel and filter paper. Add 2 ml of phosphorous reagent 2 and mix well. Wait for 1-2 
minutes for color forming.  The liquid formed in this process is separated from the 
soil and is used to detect color. 

iii.     Adding reagents to estimate Potassium 

 Take 5cc of soil and add 25 ml of potassium reagent 1 into the soil and mix well 
for 10-15 minutes. Add a pinch of decolonizing agent and again mix well. Filter the 
solution using funnel and filter paper. Add 1ml of potassium reagent 2 into clear 
solution and mix it well. Wait for 1-2 minutes for color forming. The liquid formed in 
this process is separated from the soil and is used to detect color. 

 
3.3.  Color detection using Color sensor 
 Hereinafter, the process is automated using IoT technology using Raspberry Pi and 
the color detection is done using Color sensor(TCS 3200). The values detected will be 
sent over the cloud and can be deployed in any web server or mobile based 
application. This accurate analysis of prediction is achieved as it can be carried out at 
field itself. 

 
3.4.  Estimation of NPK level in the soil 
 As per the recommendations of Nice Chemicals Private Ltd.(NICE), an ISO 
certified company, the range of levels of NPK deficiencies are estimated based on the 
color formed, is mentioned in the below diagram. The diagrams are taken from the 
Soil Testing Kit, Hand book prepared by NICE. Color Sensor (TCS 3200) sensor 
detects color formed from the liquid which is formed after adding reagents. Moisture 
sensor is used to detect moisture.  Raspberry PI 3 is used for microcontroller. 
Temperature and Humidity sensor DHT11 is used to detect primary conditions of the 
soil. The color detected by the sensor is compared with the diagram and then the 
estimated values are deduced. The color values obtained from the Color sensor is 
compared with colors listed in the chart. Based on that, NPK estimation values will be 
given (Fig.4.for Nitrogen color chart, Fig.5. Phosphorus color chart, Fig.6.Potassium 
color chart, Fig.7. Temperature and Humidity and Fig.8 Moisture.  

 
 

4   Results  
 



 
 
Fig. 4. Nitrogen detection                                 Fig.5. Phosphorous detection 
 
 

          
Fig.6. Potassium detection                   Fig.7. Temperature and humidity detection 

 
 

 
Fig.8. Moisture detection 

 
 NPK accurate values will be retrieved as the detection of color is through sensor. 
The surface is analyzed on the fly, hence there will be no change in color of the soil. 
If we input preprocessed soil, NPK analysis is done efficiently. The process is semi 
automatic. Farmers are able to know the condition of the soil in time through online. 
The color charts from NICE are used to compare color as in Fig.9. 

 



  
 

 
a). Nitrogen Color chart. b). Phosphorus color chart c). Potassium color 

chart. 
 

Fig.9 Color charts taken from NICE 

 
 

# NPK detection using Python are summarized as below: 
 
 
 
 

  
 
 
 
 

 The manual process is digitized using IoT and the results are also tested through 
program by comparing RGB values instead of naked eye. Hence, it gives accurate 
results. The tracing of primary nutrients such as Nitrogen, Phosphorous and 
Potassium that are present in the soil are done using Color sensor. In this ecosystem, 
the NPK analysis along with primary conditions of the soil is analyzed to provide 
base information for cropping. Also, by comparing soil color with the color charts, the 
level of NPK will be detected using this IOT based ecosystem. The heart of the 
invention is the information is made available over the Internet for further use. The 
data from ThingSpeak cloud is retrieved from web server to provide user required 
information. This reduces testing time and improves accuracy measures. As the color 
component is compared through online, this system provides accurate results, when 
compared with the manual process. The process can operate continuously for 1 or 2 
hours for analysis. During the process, some of the values may be changed. The 
process works efficiently with 90% accuracy based on observations made. 

 
Conclusion 

 

RGB Analysis 
enter red value145 
enter green value79 
enter blue value29 
nitrogen_high 
phosphorous_low 
potassium_low 
>>> 
 



 Digitalizing the results make Farmer or owner of land benefited in taking exact 
measures to soil on time. NPK accurate values will be retrieved as the detection of 
color is through sensor. The process is semi automatic, as reagents are added 
manually. Farmers are able to know the condition of the soil in time through online. 
The tracing of primary nutrients such as Nitrogen, Phosphorous and Potassium that 
are present in the soil are done using Color sensor. Color sensor is used to detect the 
color of the soil.  Temperature and Humidity sensor is used to test the primary 
conditions of the soil. In this ecosystem, the NPK analysis along with primary 
conditions of the soil is analyzed to provide base information for cropping. The 
detected values are sent to web server. This is the real time application and is made 
available on the Internet. For developing organic foods and agriculture reforms, it 
gives information which type of the crop fits for the tested soil. 
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Abstract— In order to get a successful and appropriate treatment for the disorder regarding health, précised and 
identifying it early is much important in the scenario of brain tumor treatment. Prior knowledge and detection of the 
tumor helps to cope up with good medication, and also helps in saving a life in due time. Bio-medical informatics(BI) 
and Computer aided diagnosis(CAD) are benefiting neurooncologists in many ways. Machine learning algorithms are 
now used to do Image processing on medical images and contrast with the information due to manual diagnosis of 
Brain tumor which is always a tedious task because of human error is indulged. When compared with manual traditional 
practices, Computer aided mechanisms are compared to obtain better results. In this paper we are presenting the existing 
models or architectures overview of various researchers who dedicatedly addressed and worked on this tedious task.  
 
Keywords—Random forest (RF), Expectation-maximization(EM), Decision Tree(DT), CNN, DNN 

 

1. Introduction 

Medical Image processing and segmentation for tumour 
detection in brain using the Magnetic-resonance-
Images(MRI) in some cases uses different medical 
imaging modes which are very keen in process of deciding 
rights in MRI most notably, Support Vector Machine 
(SVM), Fuzzy Clustering Means (FCM), Artificial Neural 
Network (ANN), Neural Networks(NN) and expectation-
maximization(EM) based algorithmic approaches which 
are some of the popular techniques used for region-based 
segmentation and so to extract the important information 
from the medical image processing. Lately, the 
presentation of advancements in IT and e-medical 
supervision system in healthcare area assists medical 
specialists with giving better medical treatment to the 
suffering patients. This examination tends to the issues 
with segmentation of abdominal cerebrum tissues and 
ordinary tissues like cerebrospinal liquid (CSL), white 
matter (WM), and grey matter (GM) from MRI by 
implementing feature extraction and SVM classifier. 

. BT generally originate because of the rapid growth of the 
cells and when the situation is not controllable too. The 
impact of BT will be different in different age groups.  BT 
expansion is generally dependent on the lifestyle, gender 
etc. Because BT cases were growing day by day and the 

impact of BT is more on the people, there were many 
people who are losing their lives which is uncontrollable. 
Shockingly there are many children who are been affected 
by the BT and loosing lives. The death rate is growing in 
children these days. So, in order to control these situations 
under control there must be an innovative way to predict 
the BT and to cure the BT in the early stages. So, these 
conditions made to focus on the proposed system. 

Hydrogen molecules are regularly utilized in clinical and 
research MRIs to produce a distinguishable 
radiofrequency signal that receiving wires get right up-
front closeness to the life structures being inspected. 
Hydrogen molecules normally exist in wealth in people 
and other natural organic entities, particularly in fat and 
water. By using the data mining strategies, huge relations 
and examples from the information can be separated. The 
procedures of ML (AI) and Data mining are as a rule 
adequately utilized for BTD and prevention at a beginning 
phase. 

In this work, we present a programmed Brain Tumour 
Segmentation (BTS) procedure dependent on CNN. We 
have utilized three MRI perspectives on human cerebrum. 
X-ray check is utilized on the grounds that it is not so much 
destructive but rather more exact than CT cerebrum check. 
All past deals with the dataset that we are working with are 
for arrangement of tumour types. None of the past works 
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performed on this dataset are planned for Segmentation. 
The principal commitment of our paper is the dividing of 
the pictures in light of the course of caught MR pictures. 
Subsequently, three networks will be trained 
independently to accomplish better segmentation results 

2. Literature Review 

Zahra Sobhaninia et al., proposed brain tumour 
identification requires high precision, where minute 
mistakes in judgment may prompt disaster. Thus, Brain 
tumour Segmentation is a significant test for clinical 
purposes. At present a few techniques exist for tumour 
segmentation however they all need high precision. Here 
we present an answer for Brain tumour segmenting by 
utilizing deep learning techniques. In this work, we 
considered various points of cerebrum MR pictures and ap 
plied various organizations for division. The impact of 
utilizing separate networks for segmentation of MR 
pictures is assessed by contrasting the outcomes and a 
single network. Exploratory assessments of the 
organizations show that Dice score of 0.73 is accomplished 
for a single network and 0.79 in got for various networks 
(1) 
 
Masoumeh Siar et al., proposed Cerebrum tumour can be 
grouped into two kinds: generous and harmful. Ideal and 
prior recognition and treatment plan prompts improved 
treatment and expanded the lifespan of patients. Quite 
possibly the most prominent and significant techniques is 
to utilize Deep Neural Network (DNN). To identify a 
tumour cerebrum Magnetic Resonance Imaging 
(MRI)pictures fed to the CNN model. Pictures were first 
embedded into the Convolutional Neural Network. The 
achieved accuracy from the SoftMax function and Fully 
Connected layers using MRI scanned images acquired 
98.06%. Likewise, the precision of Convolutional Neural 
Network is acquired with the Radial-Basis-Function(RBF) 
model is  97.03% also used Decision Tree (DT)and 
achieved 94.42%. Not-with-standing on the exactness 
basis, we utilize the Sensitivity benchmarking, precision, 
and specificity assess the execution of network. As per the 
outcomes got from the above classifiers, the SoftMax 
function got the best precision using CNN (2) 
Tonmoy Hossain1 et al., proposed brain tumour 
segmentation is perhaps the most important and 
burdensome aspects in the territory of image processing on 
medical images as a human-helped manual grouping can 
bring about erroneous expectation and determination. In 
addition, it is a disturbing assignment when there is a lot 
of information present to be helped. Mind tumours have 
high variety apparently and there is a comparability among 
tumour and ordinary tissues and subsequently the 
extraction of tumour locales from pictures gets 
unflinching. The authors proposed a strategy to isolate 

tumour from 2D MRI brain Images using “Fuzzy C-Means 
clustering algorithm” also trained using conventional 
classifier algorithms and CNN. The experimentation was 
carried on a continuous data with assorted tumour size, 
area, shape, and distinctive picture forces. In conventional 
classifier algorithms, applied 6 customary algorithms to be 
specific K-Nearest Neighbour(KNN), Logistic 
Regression(LR), Multilayer Perceptron(MLP), Support 
Vector Machine(SVM), Naïve Bayes(NB) and Random 
Forest(RF) which was carried out in scikitlearn. A short 
time later, we proceeded onward to CNN is executed 
utilizing Tensor flow and Keras on the grounds that it 
respects a preferred presentation over the conventional. 
Author mentioned in his paper CNN acquired a 97.70% 
precision, which is exceptionally convincing. The primary 
point of this paper is to recognize typical and unusual 
pixels, in view of surface based and factual based 
highlights. Also achieved 92.24% and 97.80% precision 
utilizing SVM and CNN. (3) 

G. Hemanth et al., proposed the brain tumour(BT) 
recognition which has turned up as an most difficult in the 
field of medicine. BT can be indicated as a distorted 
growth of tissue in which the cells duplicate unexpectedly 
and interminably. The cycle of Image Segmentation is 
received for extricating strange tumour locale inside the 
cerebrum. In the MRI (Magnetic Resonance Image) 
Segmentation of mind tissue holds extremely huge to 
determine the presence of layouts concerning the cerebrum 
tumour. There is a huge concealed data is captured and 
saved in the Health care domains. With legitimate use of 
exact information mining order methodologies, early 
conjecture of any contamination can be performed 
effectively. Predominant piece of which is embraced 
feasibly. The assessment investigations summary of 
danger factors which are being takes place while doing  
Brain tumor observation systems. additionally, the 
proposed technique certifications to be incredibly 
compelling and precise for Brain tumour detection, 
classification and segmentation. In order to get highly 
accurate automation and semi automation systems are very 
useful. The researcher proposed a programmed 
segmentation methodology which relies on CNN using 
small kernels which size is 3 x 3. By consolidating this 
single strategy, segmentation and classification is refined. 
One of the Neural Network based technique called CNN 
which has layer-based classification of results. The 
methods of AI with Data mining are adequately utilized for 
Brain tumour detection and avoidance at a beginning 
phase. This accomplishes 92.7% precision utilizing CNN 
(4) 

S. Somasundaram et al., proposed Basic segment in 
diagnosing tumour, planning treatment and building up a 
result for assessing Brain tumour segmentation should 
have been profoundly exact and solid. MRI scans help and 
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guiding the medical domain experts to recognize the 
extremely minor unusual development in human beings 
body. The Deep Neural Networks (DNNs) and AI methods 
have great accomplishment in 2D picture segmentation, 
however it's a moving difficult for DNNs to section basic 
organ parts using 3D clinical MRI scan reports. 
Segmentation relating tumour identification incorporates a 
few preparing strategies that are sorted into segmentation. 
research centres essentially around 3D  ANN, SVM, CNN 
and Multi class SVM to do in précised Segmentation 
process. To eliminate computational weight of preparing 
3D clinical sweeps, this research intends to survey the 
present advancement in segmentation of image and 
classification dependent on productive and compelling 
towards handling of tumour contaminated human mind 
MRI adjoining picture fixes that can go through the 
network with an objective of tumour, while mechanically 
adjusting towards an awkwardness there in the information 
At last, this article inferring about advancements on 
Detection and segmentation of tumour-based picture 
preparing for DL models. Analysis results of the 
underlying dataset show that the streamlining through GA 
approach has improved the complete exactness of SVM 
from 79.4% to 91.6% and of ANN from75.5% to 94.8% 
(5) 

Bhagyashri H. et al., proposed a model for theneed to 
create computer analysis frameworks for analysis of Brain 
tumour. Brain tumour(BT) identification at beginning 
phase has gotten vital. In experimentation, cerebrum 
tumour MRI are utilized to recognize and characterize the 
dangerous and kind-hearted mind tumours. X-ray pictures 
which are collected by Brats dataset collected in 2015 by 
MICCAI. BTs are divided by utilizing image-processing 
methodologies. To de feature extraction of images the 
shape-based highlights are utilized. Removed shape-based 
highlights are taken care of  AI algorithms as SVM and RF 
algorithms to order amiable and harmful cerebrum 
tumours. It accomplished the precision for irregular 
timberland is 86.66% (6) 
 

Madhu Priya G et al., proposed a model with help of the 
MRI pictures. The process of segmentation was performed 
and the segmented images will be capable to measure up 
to the normal BT tissues and cells. The results are shown  
in the perspective of correlation. The researcher in his 
work done on segmentation to utilize a probabilistic neural 
network(PNN) and convolutional neural network(CNN). 

The design of  CNN which has both 3*3 and 7*7 layers to 
build a cascaded architecture, in order to do a segmentation 
of tumour accurately in a powerful way, on Brats13 MRI 
dataset. Same way they utilized a PNN model to 
identifying tumours and analyse the problems on both 
models. SO, they came up with an exceptional PNN and 
CNN models to utilize image processing and computer 
vision(CV) strategies. the model arrangements with both 
local and global highlights. At last, got the yield 
fragmented picture just as examined precision and loss of 
our models. At long last, got the yield segmented picture 
just as investigated exactness and loss of our models (7) 

K. Abbas et al., proposed a model to predict the BT using 
unpredictable design and its converging with the ordinary 
cells, and the arrangement of tumour from typical tissues 
was a difficult errand. The author in his research have 
brought up with a philosophy called LIPC in order to do 
the classification and segmentation of a brain tumour. The 
primary step in his research is to solve the multiclass image 
segmentation as a  grouping task. X-ray groupings of the 
cerebrum have normal qualities (area) and are scanty 
(sparsity). Author used both these parameters in his 
proposed system. Firstly  they focussed on image pre-
processing strategies are utilized for image enhancement 
and noise removal. After  12 textural diverse features were 
determined and diminished because of PCA to do a better 
classification. 2013 MICCAI dataset is used in this 
experiment which had a low-level-tumour to high-level-
tumour patient’s data. This technique introduced a dice 
Score which is 0.95 for complete tumour which is a long 
shot contrasted with the strategies effectively accessible as 
far as dice Score and time complexity (8) 
 
Zheshu Jia et al., discussed about the detection of brain 
unusual structures by essential imaging procedures which 
are very challenging. So, the author proposed a model 
called Fully-Automatic Heterogeneous 
Segmentation(FAHS) along with Support Vector 
Machine(SVM) was proposed to detect and separate 
tumour in MRI scans of brain images, depends on DL 
strategies(11). The proposed system shows the partition of 
the entire cerebral venous framework into MRI imaging 
with the expansion of another FAHS algorithm depends on 
underlying, morphological subtleties. The fragmenting 
capacity is recognized using uniformity which is high in 
level between present and neighboring tissues.  ELM is an 
another algorithm for learning to comprise of at least one 
layer of hidden layers. Such algorithms are utilized in 
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different areas, which includes classification and 
regression. In MRI pictures, the PNN grouping framework 
which was used for training and testing the exactness of 
tumour identification on dataset images. The mathematical 
outcomes show practically 98.51% precision in 
recognizing strange and typical tissue from cerebrum 
Magnetic Resonance image that exhibit the productivity of 
the framework recommended (9) 
 
Deepali Vikram Gore1 et al., proposed One in perilous 
infections to identify is cerebrum tumour. Utilizing deep 
learning methods, has shown decrease of mistake in human 
mid 9 9 determination of the sickness. Particularly, 
diagnosis of brain tumour requires high precision, where 
minute mistakes in analysis may prompt confusions. In 
medical image processing, cerebrum tumour exposure 
stays a requesting position. It is a complicated task to 
detect a tumour in brain. A few commotions also postpone 
influences the picture exactness. Picture division and MRI 
methods have become an accommodating clinical 
diagnostic instrument for the assessment of the mind and 
other clinical dataset. Segmentation of an image is a 
powerful space of Medical Image Processing(MIP). This 
process is carried out to draw out the various jobs from 
clinical pictures like CT, MRI check, also includes 
Mammography, and so on. The researcher, we introduced 
a deliberate training of brain tumour utilizing deep 
learning methods. The examination and relative 
investigation of late information connected with cerebrum 
problem discovery utilizing Deep Neural Networks is 
considered in this audit. The result of this paper expresses 
the different exploration holes distinguished from the 
writing audit. The exactness accomplished is 88.9%. (10) 

3. Comparison 

Following table is the comparison between the models I 
have surveyed. 
Table 1. Comparison of the Methods used 

Year Author Algorithm/ 
System 

Accurac
y 

Ref. 

2018 Zahra 
Sobhanin
ia et al., 

Deep learning 
techniques 

Dice 
score 
for one 
network 
– 73% 

For 
multiple 
network
s – 

79% 

[1] 

2019 Masoum
eh Siar et 
al 

FCNN, 

RBF, 

DT 

 

98.06%, 

97.03%, 

94.42% 

[2] 

2019 Tonmoy 
Hossain1 
et al., 

CNN 97.70% [3] 

2019 G. 
Hemanth 
et al., 

CNN 92.56% [4] 

2019 S. 
Somasun
daram et 
al., 

SVM, 
ANN 

91.6% 
94.82% 

[5] 

2019 Bhagyas
hri H. et 
al., 

SVM, 
RF 

86.66% [6] 

2019 Madhu 
Priya G 
et al., 

PNN, 
CNN 

- [7] 

2019 K. Abbas 
et al. 

Deep learning 
techniques  

Dice 
score-
95% 

[8] 

2020 Zheshu 
Jia et al., 

FAHS-SVM 98.51% [9] 

2020 Deepali 
Vikram 
Gore1 et 

DNN 88.66% [10] 

 

4. Conclusion 

In this paper a partial survey for brain tumour detection is 
done. Various techniques which are proposed earlier are 
mentioned here along with their usage of algorithms and 
assumption for execution of the problem. The dataset used 
for different technique is also mentioned and the results 
obtained by using those techniques are mentioned. This 
work can be used for extension of those techniques and for 
obtaining better results by future enhancements.   
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Abstract

To get a successful and appropriate treatment for a

health disorder, a precise and early diagnosis is

much important when it comes to brain tumour

treatment. Knowing about the tumour and

detecting it beforehand increases the chance of

coping up with good medication and saving lives at

the right time. Neurooncologists benefit greatly

from biomedical informatics and computer-aided

diagnosis (CAD). As a result of ML algorithms, it has

now become possible to process medical images

using algorithms instead of manually diagnosing
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brain tumours. When compared with manual

traditional practices, compared to traditional

methods, computer-assisted mechanisms yield

better results. In this, computer-aided mechanism is

handled by feature extraction using convolutional

neural network (CNN) model and fully connected

neural network (FCNN) for classification. In this

paper, we are proposing the approach using DNN

and CNN architectures to create model to detect

and classify the MRI images as “TUMOUR

DETECTED” or “TUMOUR NOT DETECTED.” This

model is proposed to have maximum mean

accuracy score and f-score.
Keywords
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Convolutional neural network (CNN)

Brain tumour segmentation (BTS)

Image segmentation (IS) VGG16 model
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Abstract

In recent years, great efforts have been carried out on the challenging
task of predicting different crop yields. Developing exact models for
crop yield estimation utilizing Information and Communication
Technologies may support farmers and different stakeholders to
improve decision making about national food import/export and food
security. Most of the crops are selected based on the economic range. In
our proposed work also we have consider the economical crops and
they provide better prediction compared with the existing classifiers.
The proposed ensemble classifier provides an efficient crop yield and
crop disease forecasting model. Our proposed work provides knowledge
to the farmers about the climatic conditions of the probability of crop
disease and the climatic conditions for better crop yield. Even it
discovers the crop yield and crop diseases, but does not concentrate on
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the solution to solve the productivity issue caused by crop diseases.
Further, our future work concentrates on the above issue with different
algorithms.
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Agriculture Crop prediction Regression 

Random forest algorithm 
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Abstract—Handwritten digit string recognition is more 
sophisticated than determining a single digit individually. The 
repeated recognition of single digits is applicable for 
recognizing a handwritten digit string. A similar approach is 
exercised in this paper. The proposed approach could be 
advantageous in banks to recognize the digits written on the 
cheque and processes the cheque. Further, the banks could 
send the audio message of the recognized handwritten digits to 
the cheque issuer for confirmation before cashing the cheque.  
The pro-posed model is developed in the python platform and 
is lightweight, robust, and cross-platform.  

In this approach, we have trained a neural network model 
with MNIST handwritten digits dataset and some samples of 
our own for recognizing the handwritten digits. The 
Convolution Neural network models are widely used in the 
present-day technologies for object recognition, image 
processing, segmentation, face recognizing and also many 
identifications related tasks. The CNN model used in the 
project determines the digit in the image provided. Finally, the 
system plays the [pre-]recorded audio and displays the output 
for the recognized digits in the given digit string. 

Keywords—Handwritten string detection, Digit 
determination, Audio output, Image seg-mentation, Neural 
Networks  

I. INTRODUCTION 

Handwritten digit recognition has been a topic that 
interests many with both aca-demic interest and commercial 
interests. And many new and advanced approach-es relating 
to the recognition of handwritten digits using neural 
networks, multi-layer perceptron models, and other 
classification models are introduced in recent times. 
Handwritten digit string recognition, a subject falling into a 
similar category as handwritten digit recognition. 
Determining the symbol of handwritten digits is called 
handwritten digit recognition. Handwritten digit string 
recognition put forth results in various fields involving data 
entry, postal mail checking, bank cheque processing. Digit 
string recognition has been a complicated problem for many 
years but still evolving in respects including identifications 
of digits writ-ten in various styles and having various 
characteristics. The computer cannot interpret the digits that 
a human eye can identify and match them with their name in 
a split second. The eye transmits the signals related to the 
shape of the digits that a human is observing. And human 

brain receives those signals and maps the transmitted signal 
to the related digits. Such a phenomenon is used repeatedly 
for recognizing the digits of a handwritten digit string. 
Whereas the computer cannot recognize them due to lack of 
data about patterns and features of the individual digits. The 
methodology executed in this project is detecting the 
handwritten digits individually of a given digit string after 
segmentation. The application starts with prompting the user 
to provide an input image path. The image is further 
segmented and processed into the splits of individual digits. 
Both the seg-mentation and the input image processing are 
handled using the OpenCV library. The segmentation 
process begins after preprocessing the image. The 
preprocessing proceeds with changing the image format from 
color to binary format followed by denoising using non-local 
means denoising and edge identification using the Canny 
edge detection algorithm. The binary image is further 
processed into binary inverse for splitting the string into 
digits. The segmentation involves almost all the border pixels 
of the rectangle enclosing the as black. The width of the 
rectangle contours is taken to be minimum to decrease the 
noise intervention in segmented digits recognition. The size 
is increased afterwards by the same amount so that no part of 
the digit is lost. The segmented splits are then deter-mined 
based on the probability of matching features and thus 
simultaneously voicing out the detected digits audio. The 
recognition of individual digits uses a trained NN model with 
Adam optimizer of learning rate 0.01 and categorical cross 
entropy as loss function, consisting of CNN layers combined 
with Max-pooling layers and concluding the model with two 
dense layers having ten nodes in the last layer, on MNIST 
dataset and some other samples consisting of up to 
60000(MNIST) training data samples up to an accuracy 99%. 
The pydub library is used to play the recorded audio of the 
respective digits using the play method from the playback 
module and AudioSegment class of pydub. 

II. LITERATURE SURVEY 

Handwritten digit recognition, character recognition, 
digit string recognition dates before the late 20th century. 
Humans tend to have different styles and write digits and 
characters in different shapes. This problem isn't as simple as 
recognizing digits for humans to machines. Humans have 
written and observed digits since their preschool age. Since 
those times human brain evaluates patterns and extract 
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features relating to respective digits from various digits. But 
whereas a machine is void of such a vast collection of data 
tending it to misstep using limited data samples. Even 
humans with a complex neural system have a hard time 
determining handwritten digits. It's no wonder machines are 
drawn back to perfectly recognize these handwritten digits. 
Moreover, some of these digits have similarities with others - 
4 and 9, 1 and 7, 5 and 6, 8 and 9, etc. - rendering them even 
harder for machines to recognize. Even with all these 
constraints, the approach to recognize handwritten digits 
advances day by day and likely to achieve perfect 
recognition of handwritten digits. 

Handwritten digit string recognition is an extension of 
individual handwritten digit recognition. Briefly, repeated 
determination of individual digits of the digit string leads to 
handwritten digit string recognition, which might not be as 
easy as it sounds. Handwritten digit string recognition is a 
two steps process. It is composition of splitting string into 
individual digits using either heuristics or image 
segmentation based on various factors like common points, 
edges. The digits segmented from the digits string are passed 
as inputs to a model for recognition of digits. Secondly, 
classification of separated digits, the model used for 
classification of digits including the technique employed for 
feature extraction plays major role in determination of 
handwritten digit. Ultimately, concatenating the individual 
digits forms the digit string to be determined. 

The main goal of our project is to recognize the 
handwritten digit string and al-so provide voice output of 
recognized digits. This approach helps in conforming to the 
digits written without paying attention to them. Such addition 
of voice out-put also helps children in learning the digits 
with their name at the early stages of schooling. In this 
model, we designed a neural network model, consisting of 
con-volution neural network layers with activation function 
rectified linear unit, followed by max-pooling layers and 
dense layers associated with dropout layers on MNIST 
handwritten digits dataset, containing digits from 250 
different authors containing up to 70000 data samples on 
whole – 60000 samples in train dataset and 10000 samples in 
training dataset, and some of own samples of size 28x28. In 
these recent years, the fame of handwritten digit and 
character recognitions have risen high due to their 
applications, including cheque analysis, recognizing postal 
codes, and data entry jobs in various fields. Our approach 
extends the recognition with the voice output of recognized 
digits. This model is advantageous in attesting the money 
written on cheques and reciting students' marks in 
classrooms. Also helps blind people to recognize digits in the 
given numeral string with a simple snap. This model on 
further improvements can be used as teaching tool that helps 
preschoolers to learn digits and their names with the model’s 
voice output module. 

III. PROPOSED SYSTEM ARCHITECTURE 

The architecture diagram represents the outline of the 
proposed software system. It provides summarization about 
the associations between various components and also the 
conditions involved between these components. It minimizes 
entire view of the software system into understandable 
format. Firstly, the user provides the image path of digit 
string to the application. Then the application reads and 
preprocesses the input image. The preprocessing includes 
image resizing, gray scaling, and denoising. The 

preprocessed image then undergoes the segmentation process, 
where the image is segmented into various individual digit 
image splits. Later, these digit splits are preprocessed 
individually. The CNN model takes the preprocessed splits 
for digit recognition. After determining the digits splits, the 
audio output for the recognized digits is played. Finally, the 
digits in the digit string are displayed on the screen. 

 
Fig. 1. System Architecture 

The architecture above gives a clear picture about 
working of project. It also depicts the importance of various 
library functions in the project including OpenCV, Keras, 
imutils, pydub. The architecture is a sophisticated model that 
hides the underlying source code.  The above figure helps us 
to determine the complexity of the application and can also 
be used as a reference for measuring the time required to 
determine the results. 

IV. DEVELOPMENT FRAMEWORK 

A. Software Installation 

1) Visit the following website https://www.python.org 
/downloads /release/python-3.9.6/ 
2) Download python software according to your system 
requirements 
3) Now Run the downloaded installer   

a. Right Click on the installer 
b. Select Run as Administrator and click on Yes 

4) Now Python Installer Wizard appears  
a. Check the option Add Python 3.9 to PATH 
b. Click on Install Now 

5) After the setup was successful, click on close 
6) Open command prompt   

a. On the taskbar, to the bottom left, there will be 
an option to search. Type cmd in search and open 
the command prompt. 
b. Execute the following command to check if 
python is properly installed. 
• python –version 
c. If the version is displayed then the python is 
properly installed. 

7)  Execute the following command to update pip  
• pip install --upgrade pip  

8)  Install OpenCV by executing the following command. 
• pip install opencv-python 

9) Install imutils by executing the following command. 
• pip install imutils  
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10) Install Keras by executing the following command. 
• pip install tensorflow 
• pip install keras  

11) Install Numpy by executing the following command.  
• pip install numpy  

12) Install pydub by executing the following command.  
• pip install pydub 

B. Execution 

1. Input Image: The execution of the program starts with 
taking an image as input from the user. For accurate results 
use a good resolution image as input. The user provides the 
path of the image as input. In order for the application to run 
correctly the user must provide a valid path as an input. It is 
important to pro-vide the input as the absolute path rather 
than relative path. 

2. Loading Image: OpenCV module in python provides a 
method, imread, to read an image form the given path. The 
image should be present in the same directory as the program 
or else the absolute path of the input image must be pro-
vided as input. cv2.imread is used to read the image from the 
path provided. 

img = cv2.imread(“image_path_input”) 

3. Preprocessing of the image: This phase involves the 
preprocessing of the input image (img). The img undergoes 
various transformations - resizing, gray scaling, denoising, 
binary inversion, dilation using a rectangle shape. In order to 
convert the given image into an array of values of color 
intensity. The segmentation process starts after preprocessing 
of image. The preprocessing proceeds with changing the 
image format from color to binary format followed by de-
noising using non local means denoising and edge 
identification using the Canny edge detection algorithm. The 
OpenCV methods cvtColor and threshold are used for gray 
scaling and binary inversion. 

4. Training the CNN model: Before proceeding further, 
train the CNN model for determining the digits. It is not a 
mandatory step to execute if you have a saved model for 
recognizing handwritten dataset. In this phase, we build a 
neural network model. And train it with the MNIST dataset 
(consisting for approximately 60,000 28x28 images) and a 
dataset containing some of our own samples of 28x28 
images for recognizing the handwritten digits. We use Keras 
library to build and train the CNN model using CNN layers 
and fit method. Testing of the model is also implemented in 
this phase using evaluate method. 

5. Save model: After training the model, in order to 
prevent the redundant training of the model, we can use save 
method in Keras to save the trained model. The saved model 
can be used again using load_model method in Keras. There 
would be no data loss for saving and loading the model. 

model.save (“model_name”) 
 

model = load_model(“model_name”) 
6. Segmentation of input image: After the preprocessing 

step of image, the image undergoes segmentation based on 
the splits identified by findContours function in OpenCV 
module. The segmentation involves almost all the border 
pixels of the rectangle enclosing the as black. The width of 
the rectangle is taken to be minimum to decrease the noise 
intervention in segmented digits recognition. The size is 

increased afterwards by the same amount so that no part of 
the digit is lost. These segmented parts are extracted from the 
original image.  

7. Processing the splits individually: From here on, every 
phase is executed individually for each split of original 
image. The split image is resized into 28x28 image to pass it 
to CNN model. Before passing it to the model, the image 
undergoes gray scaling and binary inversion The resize 
function in imutils module is used for this purpose. After 
resizing, the image is fed into the CNN model. 

8. Recognizing the digits in image split: The resized 
image after the preprocessing is fed into the Convolution 
Neural network model. The model recognizes the dig-it 
present in the splits based on the probability of matching 
features. The predict method in the Keras library is used for 
predicting the digit in the split image. After recognizing the 
digits separately. It’s time to combine the recognized digits 
in the order of splits into an array. 

9. Audio Output: In this phase a set of 10 recording, each 
for a digit from 0 to 9 has been initialized. Finally, the 
recorded audio is played based on the order digits stored in 
an array in previous step, using pydub module. The 
AudioSegment class of pydub is used to read the recorded 
audio files using pydub.playback.play function. Finally, the 
program terminates itself at the end of execution. 

V. EXISTING APPROACHES 

There are quite a few approaches in this field of study. 
An approach using both segmented and segment-free 
methods is employed to recognize handwritten numeral 
string off-line [1]. A method is proposed to recognize the 
handwritten numeral string using the RNN model and 
Connectionist Temporal classification with approximate 
recognition rates of 89.75% and 91.14% [2]. Another 
approach used graph-based properties of the digit string 
bases matching subgraph inputs with prototype symbol 
graphs [3]. A method is employed using (convolution neural 
network) CNN on ORAND-CAR-A and ORAND-CAR-B 
datasets with recognition rates of 92.2% and 94.02% 
respectively [4]. This problem is approached using various 
classification problems including SVM, KNN, and other 
classification algorithms over both the segmentation 
approach and the segment free approaches of splitting digit 
string [5, 6]. Some of these methods involve dealing with the 
overlapping of digits, connecting points in the digit string. 
Some other methods involving geometric context of digits 
and convolution neural network models [7, 8]. 

VI. DATASET 

The MNIST dataset simply is thought of as "Hello 
World" in machine learning. Being derived from NIST 
dataset combined has 70000 images of size 28 pixels x 28 
pixels black and white images, consisting up to 60000 
images in the training dataset and approximately 10000 
images for testing dataset contributed from more than 250 
different writers. Each of the digit samples has varying styles 
and characteristics. The training dataset, 60000 images are 
the combination of ap-proximately 6000 images of each digit 
from zero (0) to nine (9) with maximum samples of 6742 for 
one (1) and minimum samples of 5421 for five (5) and others 
ranging in-between. And similarly, the testing dataset 
combines approximately 1000 images of each digit ranging 
from 892 (for five (5)) to 1135 (for one (1)). Although the 
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dataset is related to handwritten digit images, they can be 
stored in the form of a 28x28 2D matrix each cell 
representing the color intensity ranging from black to white. 
Due to its simple nature, the MNIST dataset is used in 
various handwritten digit recognition projects with varying 
accuracies and different models. Other than MNIST dataset 
we used some other handwritten digit samples for accurate 
results. And the dataset consists of few samples of each digit 
valuing a total of 5000 images, where each digit has 
approximately 500 samples extra from that of the MNIST 
dataset written in various styles and shapes. 

 

 
Fig. 2. Samples included into MNIST dataset 

 
Fig. 3. Samples of MNIST dataset 

VII. EXPERIMENTAL RESULTS 

After installing python environment and the required 
modules. The application is ready for execution and results. 
Firstly, the application accepts the path of the image as an 
input from the user. Then, the input string is converted into 
path with normpath method in os.path module. Care to be 
taken while providing the image, high quality images 
provide accurate results. Next, the imread method is used to 
the read the method from the given path. If the given path 
doesn't exist then the program terminates. 

After reading the image, the image undergoes 
preprocessing - resizing the image, conversion of image to 

grayscale, denoising the grayscale - using resize function in 
imutils and cvtColor and non-local means denoising methods 
in OpenCV. 

The preprocessing step also involves binary inversion of 
the gray scaled image. Next the binary inverted image 
undergoes dilation, a process expanding the image, with a 
unity matrix. Using this dilated image, we find the digit splits 
from the given image using findContours method in OpenCV 
module.  

Before splitting the image and feeding them to the CNN 
model, we must train a CNN model using MNIST dataset. 
The results achieved using MNIST dataset are invalid in 
string recognition. Using MNIST dataset the model cannot 
recognize the digits that aren’t well structured and has a lot 
of ambiguity constraints. And after training the model with 
some of our own samples in addition to the MNIST dataset, 
we have achieved some possible results for handwritten 
string recognition. 

Each of the splits are individually preprocessed one by 
one and fed to the CNN model to determine the digits. The 
preprocessing of splits involves conversion of image to 
grayscale and binary inverse formats. Further, to fit the 
image to the CNN model input size, it is resized to size 
28x28.  

Finally, the audio output of the recognized digits is 
played using play method in pydub.playback module. Thus, 
in such a way the application provides the audio of digits in 
the given string of digits. Points to be noted while providing 
the image path are image must be of good quality for 
accurate determination and the image should exist in order to 
provide output. 

 

Fig. 4. Input image provided (handwritten digit string) 

Fig. 5. Digit splits segmented from the original image (after processing the 
splits) 

 
Fig. 6. Output displayed on the screen 
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Fig. 7. Comparison of results with models trained using MNIST and 

MNIST + Additional samples 

VIII. PSEUDOCODE 

//Load the image from the given input path 
img = cv2.imread(image_path) 
// convert the image to grayscale and denoise 
gray_img = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY) 
// dilate the gray_img using unity matrix  
// find the image splits and extract them from the dilated 
gray_img using findContours function 
// resize the splits into size 28pixels x 28pixels 
resized_split = imutils.resize(gray_split, (28, 28)) 
// recognize the digits from resized image splits using 
trained CNN model 
// play the audio response of each recognized digits 
// display the recognized digit string on the screen 

IX. CONCLUSION AND FUTURE SCOPE 

The proposed project by using various concepts, (Numpy, 
OpenCV, imutils, pydub, Keras), we are able to achieve: 

* Determination of digits in the digit string. 

* Segmentation of digit string image to individual digit 
split images.  

* Recognition the 80% of digits in the digit split images 
by introducing other samples into MNIST dataset.  

* Providing the audio output of the recognized digits. 

Handwritten digit string recognitions can be said as one 
of the complex problems in classification problems of 
machine learning. The representations of digits change from 
person to person. There are endless styles for representing 
the same digits from zero (0) to nine (9) in various fashion. 
And to classify such vast collection of representation is 
tedious and complex. This project included a dataset of digit 
samples including different handwriting styles for accurate 
digit recognition. This helped the trained model to predict 
many of the ambiguous cases of the model trained by only 
MNIST dataset. Inclusion of further samples of digits data 
can certainly provide accurate results to the problem.  Also, 
the voice function enables the user to recognize the digits in 
the digit string without looking into the text written. This 
project is also useful in determining the token numbers 
written at parking or lockers other than with postal codes, 
bank cheque processing and, in various field involving 
numerals. 
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Abstract— A chatbot is a software application that 
facilitates online conversation through text or speech. Our 
proposed chatbot for college enquiry is a simple web 
application that aims to provide information regarding college. 
This chatbot provides information like admission procedure, 
courses offered, fee structure, placement statistics, and contact 
details of the college. This proposed chatbot uses natural 
language processing libraries to understand customer 
questions and automate responses to them, simulating human 
conversation and AIML (Artificial Intelligence Markup 
Language) to write rules which are used by chatbot response 
systems. 

Keywords—Chatbot, Artificial Intelligence Markup 
Language, Natural Language Processing, Query Analysis, 
Response, Artificial Intelligence, Database. 

 

I. INTRODUCTION  

A chatbot is a computer program that uses Artificial 
Intelligence and natural language processing to understand 
customer questions and automate responses to them 
simulating human conversation. Chatbot technology is used 
in many applicat ions like smart speakers at home to 
messaging applications at the workplace. Chatbots uses 
Machine learning along with AI mechanism to understand 
the question and to give a proper response. These chatbots 
can be developed using natural language processing 
combined with artificial intelligence to provide an 
interacting environment to the user. It consists of software 
made up using python and can help users to talk with a 
machine. The proposed chatbot is intellectual which will 
provide necessary information regard ing admission details, 
fee structures of various courses, timetables, and important 
activities of the college. Th is chatbot makes it easier fo r 
students to clarify their doubts in very little time.  

A. Problem Statement 

Usually, if a student or a parent needs to get any kind of 
informat ion regarding courses, admissions, and so on they 
are required to v isit the college website or enquire through 
telephone. Navigating through various links on the college 

website to find appropriate informat ion is time -consuming. 
Some common queries of parents and students can be solved 
with the help of an online chatbot. Any questions on 
college-related activit ies can be enquired through the 
chatbot. The design should meet the following needs: 

 The chatbot for the college enquiry system is 
required to have conversations with humans. The 
bot must possess the Artificial Intelligence to 
provide the above facility. 

 The algorithm adopted in the design must be 
optimal and provide a quick response while 
processing the query. 

 The framework must support multip le languages 
and simplify man-machine communication. 

B. Theoretical Background 

Eliza is considered the first Chatbot. It is developed in  1964 
by Joseph Weizenbaum. It works on the basis of a pattern 
matching system. It assigns a value to each word present in 
the user input query and uses this value to reorder the words 
in the form of a question. This value is determined by 
finding its importance in the sentence. 

     ALICE (Artificial Linguistic Internet Computer Entity) is 
a rule-based chatbot based on the Artificial Intelligence 
Markup Language (AIML). This chatbot has more than 
40,000 categories, where each category has a combination 
of pattern and its response. Md. Shahriare Satu and 
Shamim-AI-Mamun developed a Chatbot using the AIML 
scripts, saying the AIML based chatbots are easy to 
implement, they are lightweight and efficient to work. 
Thomas and Amrita Vishwa designed a chatbot based on 
AIML and LSA to provide customer care services and E-
commerce websites. Rushabh and Burhanuddin 
Lokhandwala developed an Android-based chatbot. [11] 
Chatbots are developed using a keyword-based system that 
provides a human-computer dialog system in  natural 
language i.e., in English. [15] Latent Semantic Analysis 
(LSA) can be used to develop efficient chatbots that can 
mimic the conversation between humans and machines and 
act as a virtual assistants. [2] A chatbot is a proxy  that 
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contains embedded information and the queries are 
interpreted and analyzed using explo itation algorithms. [5] 
A chatbot is an intelligence-oriented machine in which a 
response system is developed using database information 
that analyzes and responds to user queries. [12] Many 
chatbots are developed using LUIS.ai, MongoDB, and 
Microsoft Bot Builder. The response system is based on 
LUIS.ai. [10] Chatbot is an intelligence agent which can 
initiate a conversation with humans and give responses 
using Artificial Intelligence Markup Language. [4] Chatbots 
are stateful services that can be integrated with web  services 
and provide text or speech-based user interfaces. [3] Vedika 
Patel developed an advanced customized chatbot from an 
open-source Rasa framework using Rasa NLU and Rasa 
core. [6] Chatbots are built using Chatterbot, Flask and 
ChatterbotCorpus using python and efficiency can be 
achieved using Natural Language Processing (NLP). [7] 
Chatbots are developed using iterative models and stop 
words-based human-PC framework.  [8] Eliza and Cleverbot 
are a web-based applicat ion that provides a response system 
using AI terminology and processing libraries. [1] AI-based 
chatbots and chatbots based on the web can be created using 
AI terminologies and tongue processing libraries. [9],[13] 
Chatbots are developed using embedded knowledge units 
that help in simulating conversation. [14] Efficient chatbots 
are developed based on the feedback-feedforward technique 
and are used to improve exactness. 

C. Rule based Chatbots 

In this Rule-based approach, a chatbot is associated with 
some defined ru les which can be simple to very complex. 
These rules train the chatbots and develop a response system 
and are required for the chatbot to get an idea about the 
types of questions asked and their corresponding solutions. 
This kind of chatbot developed is known as a decision-tree 
bot. In this rule-based chatbots, the question of the user is 
mapped to the corresponding response and is given as 
output to the user. These rule-based chatbots can handle 
their use cases with high flexibility. 

Advantages: Rule-based chatbots can be developed 
within  very little t ime and are highly  secured. They can also 
include interactive elements and website links. They can be 
integrated with other systems easily. 

Limitations: These chatbots fails in handling complex 
queries and cannot learn on their own. These bots will give 
responses only to the trained queries. The improvements in 
chatbot can be done only manually. It also cannot capture 
spelling mistakes which can lead to incorrect responses or no 
response from chatbot. 

D. Self-learning Chatbots 

Self-learning chatbots use machine learning algorithms. 
They are highly efficient when compared to rule-based 
chatbots. These are further subcategorized into two types. 
They are retrieval-based models and self-learning bots. In a 
retrieval-based model, the chatbot fetches the best answer 
from the existing responses. Generative models are 

intelligent models which come up with an answer rather 
than searching from a given list. 

    Limitations: It requires too much data for train ing and 
takes huge data for training, which makes the 
implementation process longer and complex. If the chatbot is 
given wrong information, it will consume more time for 
correction. Pre-defined structures are required for providing 
predictable responses, which makes it even more 
complicated. 

E. Existing System 

In existing system, the college information and information 
related to fees, exams and admissions are provided through 
college website, WhatsApp groups or notice board. In some 
cases, students' needs to visit college to solve the queries. 

Limitations: These existing methods are time -consuming 
and not efficient. These methods cannot be used for 
clarify ing all the doubts from the user. Non-college 
members will find it difficult to co llect information about 
the college. Thus, the proposed system is developed in such 
a way that queries of students and their parents are solved 
through conversation with a chatbot. There is a great scope 
for developing this college information related chatbot. 

II. PROPOSED APPROACH  

The proposed approach is developed on Windows -10 
Operating System with 4GB RAM in  Python programming 
language, however, it can also be developed in W indows -7 
or above and Linux operating systems. 

Our proposed approach for developing a chatbot for college 
enquiry includes AIML files which contain .aiml extens ion. 
AIML files contain Artificial Intelligence Markup 
Language. This markup language is based on pattern 
matching recognition. It is based on a stimulus -response 
approach used to start a conversation between a bot and a 
human using natural language proces sing capability. It  is a 
tag-based and XML-based markup language. These .aiml 
files hold the bulk o f the code and are used to define the 
personality of a chatbot and specify the heuristic 
conversation rules for a chatbot. 

This approach also contains usage and implementation of 
Natural Language Processing. Natural Language Processing 
is a branch of in formatics, mathematical linguistics, 
machine learning, and artificial intelligence which deals 
with human languages. NLP is the key that makes the 
chatbots to accept input questions, analyze and respond to 
input queries by generating the output text. NLP helps 
chatbots in prioritizing the questions according to the 
complexity and makes chatbots to respond to user queries 
faster than a human being. It uses machine learn ing and 
artificial intelligence that makes chat bots smart with time. 

Natural Language processing includes following 
components: 

1. Natural Language Understanding: This process 
consists of flexible rules. It is mostly used to map 
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inputs to useful representations so that computer 
algorithms can understand the input data. It is also 
helpful in analyzing different aspects of the 
language. 

2. Natural language Generation: Text planning, 
sentence planning and text realizat ion are used in 
generating natural language. Here the machine 
generates a logical response then it is converted to a 
natural language response so that user can easily 
understand. 

A. Proposed Modules 

The proposed approach consists of the following modules: 

1) Context Identification: Context Identification is 
process of breaking down the user input query to identify 
the theme and intent of the user. First the input query is 
accepted from the user. Thus, the query is standardized 
using pre-processing. The keywords used in this input query 
can be used to find the appropriate context . Context allows 
users to identify intent in a query. The identified context  is 
carried forward across multip le messages. This context 
identification helps in  establishing the conversation between 
user and chatbot by identifying various factors. It also helps 
to shape the response system based on environment. 

2) Natural Language Processing System:  Natural 
language processing helps the chatbot to understand user’s 

query given in informal way by using various NLP tools. 
The input given by the user in  natural language is processed 
using Google speech-to-text and translator to generate a 
generalize query which is then pre-processed to identify 
tokens . 

3) Pattern Matching System: Given text is processed 
using NLP algorithm, to generate a series of tokens which 
are mapped with various patterns or regular expressions in 
the database to identify an established pattern. If there is no 
matching pattern is identified among sequence of tokens, the 
query is sent for AIML Response System. Chatbots uses 
knowledge base which  contains documents of <pattern> and 
<template> tags for implementing pattern matching. When 
the input text received by the chatbot, it is compared with 
the text present in all the <pattern> tags. If there is a match, 
then the response will be generated. 

4) AIML based Response System: Art ificial Intelligence 
Markup Language is used to map the input to an appropriate 
pattern. If the response for that pattern is availab le inside the 
files, then it is formatted as output to the us er. AIML files 
contains different <category> tags which further contain 
<pattern> and <template> tags. The input keyword is 
compared with all the keywords present in <pattern> tags 
and if the given input keyword matches with the keyword in 
one of the <pattern> tag, then the content present in the 
corresponding <template> tag is given as output.  

5) Query Analysis and Response System: If the input 
pattern is not present in aiml files then the response is given 
by searching in the database. The database informat ion is 
retrieved by converting text to SQL. For converting the text 
to SQL, the input text is accepted from the user and tokens 
in the text are identified and nouns are mapped to 
corresponding attributes, these are mapped to corresponding 

table names and column names. Words other than nouns are 
mapped to SQL clauses. In this way, sub-clauses and 
queries are composed. These queries are given as input to 
the database and the required information is retrieved from 
the database, which is accepted by the bot, formatted as 
output and is given to the user. In  this way  these queries are 
used in obtaining data from the database.  

B. System architecture 

Fig.1 shows the system arch itecture of the proposed 
approach. It shows the entire v iew of the physical 
deployment of the system. Input is taken from the user; it is 
processed using a pattern matching algorithm. If the 
keywords are matched with AIML files the response present 
in AIML files is given to the user. If the query is present in a 
rule-based system then the respective result is shown. 

 
Fig. 1. System architecture 

 

C. Algorithm 

Step-1: Start. 
Step-2: User Login  Page, if user does not have account do 
step-3; else goto step-4. 
Step-3: Register as new user and repeat step-2. 
Step-4: Validate User Credentials. 
Step-5: Take User’s Query. 
Step-6: Using NLP to convert query into English. 
Step-7: Search for any ru le defined as same as given user 
query, if any rule is found goto step-13; else goto step-8. 
Step-8: Pre-process the query to extract keywords and 
identify the user’s context. 
Step-9: Search for pattern in extracted keywords using 
pattern matching algorithm, if not found goto step-10 else 
goto step-13. 
Step-10: Search keywords pattern in  .aiml files, if not found 
goto step 11; else goto step-13. 
Step-11: Convert the given query to SQL, to search in 
Database; if not found goto step-12 else goto step13. 
Step-12: System will prompt “Invalid Message” as it is not 

defined in chatbot scope. 
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Step-13 Convert the appropriate response from the system 
and display it on chat bot interface. 
Step-14: Repeat step-5 to step-13 for another user’s query. 
Step-15: End. 

 

III. IMPLEMENTATION AND TESTING 

A. Implementation 

Implementation of proposed approach consists of 
following 6 steps: 
1) Creating .aiml files:  

We are creating 5 .aiml files for 5 different 
contexts like admission, department, academics, 
results and casual conversation. Each .aiml file has 
different patterns and corresponding responses. If 
the user query matches with one of the patterns 
in .aiml file , the corresponding template will be 
shown to the user. 

2) Developing Rule Based Response System: 
Set of ru les are declared  statically  that tells what to 
do or what to conclude in different situations. It 
uses the rules as the knowledge representation for 
knowledge coded into the system. 

3) Creating Dataset:  
A dataset is created in  json which includes Meta 
data regarding college information. We can 
serialize and de-serialize the data into any 
programming language. 

4) Including Translators and Speech synthesis: 
We have included the Google translator and 
Google text -to-speech modules in chatbot which 
converts messages given in other languages to 
English and a speech synthesis module to 
understand the user input. 

5) Training the chatbot:  
The dataset that is prepared using json, aiml are 
trained using Chatterbot class and are evaluated 
based on accuracy. 

6) Deploying chatbot using flask app:  
The trained chatbot is deployed using flask 
framework, which  provides tools, libraries to 
deploy web applications. This flask app consists of 
following web pages. 
 

B. Results 

 
 
Fig. 2. Menu Options 

Fig. 2. Shows the menu options that are displayed when a 
user opens the chatbot. The user can view menu options by 

giving input as ”0” 
 

 
 
Fig. 3. Rule Based Response 

Fig. 3. shows a basic rule-based response, when the user 
message is based on any rule then the system gives a 

message according to the rule.  
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Fig. 4. AIML Response 
When the user query is matched with any pattern given in 
the aiml files, then the corresponding response is given as 

output as shown in Fig.4. 
 

 
 

Fig. 5. Invalid response 
When the user query is not matched with any pattern and 

not following any rule specified, then the above message is 
prompted to the user. 

 

IV. CONCLUSION AND FUTURE SCOPE 

A. Conclusion 

The main aim of this chatbot is to facilitate students and 
parents to stay updated on college activit ies. This chatbot 
combines AI and a knowledgeable database to provide 
maximum accurate responses. This proposed chatbot will 
make human-like conversation. 

B. Future Scope 

In this approach, we have included database associated with 
AIML files but including  relational databases increases the 
human readability and response time for queries. Future 
work can include training the chatbot with varied data to 
provide accurate and fast results. Integrating with multip le 
channels of communication like WhatsApp, Facebook, and 
SMS etc. will increase the scope of the proposed system. 
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I. Introduction
Forestry, one of the most important and needed tools for
conserving the environmental integrity of the Planet, is a safe
refuge for human livelihoods. However, disasters like forest fires
can cause significant damage to forest, and many other assets
such as infrastructure, human life and wildlife are overabundant.
Forest fires flame fields of farmland and in just seconds kill
anything in their directions. Forest fire is destroying houses,
livestock, forests, plants, habitats and foliage. There are various
and far-reaching consequences of fires. The effect on the
economy, climate, history and social fabric of remote regions is
enormously important. The parameters [1]–[2], such as weather,
precipitation, moisture levels, pressure, and so forth, will, of
course, prevent wildfire.
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Abstract:
The brain is the most complex organ in the human body. Brain Stroke is a long-
term disability disease that occurs all over the world and is the leading cause of
death. A stroke occurs when the brain’s blood supply is cut off and it ceases to
function. There are two primary causes of brain stroke: a blocked conduit
(ischemic stroke) or blood vessel spilling or blasting (hemorrhagic stroke). Early
brain stroke prediction yields a higher amount that is profitable for the initiating
time. Brain stroke is caused primarily by people’s lifestyle decisions, particularly
in the current scenario by evolving elements such as high blood sugar, heart
disease, obesity, diabetes, and hypertension. This research study has used
various machine learning (ML) algorithms like K nearest neighbour, logistic
regression, random forest (RF) classifier and SVC. This research work designs
a model using one among the following algorithms with high accuracy to predict
the stroke for newly given inputs.
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I. INTRODUCTION
Now-a-days brain stroke has become a major disease that is
leading to death. Prediction of brain stroke in the early stage has
become very difficult and it is time taking tasks as a result many
people are losing their lives. To overcome this we use machine
learning approach and build a model to predict whether a person
is suffering from brain stroke or not. We can do this by
considering various attributes of the patient and predict the
output. A stroke is a medical condition in which poor bloodstream
to the brain causes cell death. There are 2 significant types of
stroke: ischemic, due to nonappearance of the bloodstream, and
hemorrhagic, due to bleeding. Both reasons of Brain gets
damaged if symptoms last lower than 1 or 2 hours, the stroke is
transient ischemic assault (TIA), also named a mini-stroke. A
hemorrhagic stroke might also relate to an extreme migraine.
The symptoms of a stroke might be stable. The long-term
problems might contain bladder control loss and pneumonia. The
primary danger factor for stroke is hypertension. Various danger
factors contain tobacco smoking, diabetes mellitus, heftiness, a
past TIA, high blood cholesterol, end-stage kidney sickness, and
preliminary fibrillation. An ischemic stroke is ordinarily caused by
blood vessel blockage however there are additionally more
uncommon causes. A hemorrhagic stroke is caused either
because of space among the membranes of the brain or bleeding
directly from the brain. The bleeding might happen because of a
burst brain aneurysm. An analysis is usually founded on physical
tests and helped by clinical imaging like MRI or CT scan. A CT
scan might rule out bleeding, however, might not essentially rule
out ischemia that immediately regularly doesn't appear on a CT
scan. The numerous tests like blood tests and an
electrocardiogram (ECG) are never really dangerous factors and
preclude other potential causes [8]. Low glucose might cause
comparable symptoms. The prevention incorporates diminishing
danger factors, medical procedures to open up the veins to the
brain in those with tricky carotid narrowing, and warfarin in
individuals with trial fibrillation. The aspirin might be suggested
by doctors for anticipation. A stroke or TIA frequently needs crisis
care. An ischemic stroke, whenever recognized within 3 to four
and half hours, might be treatable with a medicine, which could
separate the clot. Few hemorrhagic strokes profit with a medical
procedure. Treatment to attempt recuperation of lost capacity is
named as stroke recovery, and preferably occurs in a stroke unit;
in any case, these are not accessible in a significant part of the
world.
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1. INTROUDUCTION
The cloud storage might give dominant and on-demand data
storage administrations for customers. With the use of cloud
service, customers might outsource their information to cloud
without wasting Considerable support consumption of equipment
and the clients upload their information to cloud. In this way, the
cloud data integrity is difficult to be ensured, because of
unavoidable software/hardware failures and human mistakes in
cloud. Numerous DIA plans are suggested to permit either TPA
or data owner to find whether information stored in cloud is intact
or not. These plans concentrate on various parts of DIA, like data
dynamic operation, the security protection of user and data
identities, KER, the protection preserving authenticators, and
certificate management simplification so on.
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I. Introduction
Software reuse is a promising opportunity to decorate software
productivity [1]. It can improve the reliability of the program. It
may be useful to identify design errors at the initial level by
adding unique candidate additions. However, reusing the
program is not practical in its ability for several reasons. The
main reason is that it requires a rich repository of the best
program code snippets. So it isn’t easy to successfully recover
add-ons from reusable programs from the repository [2]. Existing
software component recovery strategies mainly include free text
strategies, previously included vocabulary techniques, signature
comparison methods, behavior-based strategies, and facial
category techniques [3]. Most of these techniques use language
specifications based primarily on correspondence. Other current
methods that mainly rely on official specifications are very
complex and challenging to adapt to the user’s environment. In
this context, we believe in Bayer words : "The current
technologies were not flexible enough to satisfy the desires of
different trading conditions or were very confusing; they were no
longer relevant without robust additional explanations and
assistance. There is a need for flexible technology that can be
adapted to assist different organizational conditions with
adequate guidance and administration". Under this motivation,
studies suggest a robust method for identifying reusable add-ons
in software warehouse programs, which are then labeled and
recovered for potential reuse. Their approach uses language in
addition to the official specifications to define components and
retrieve add-ons from the warehouse. The benefits of reuse is
depicted in Fig 1.
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Abstract

Plants and Crops get diseased due to many

reasons. It might be because of diseases of stems,

leaves, roots etc. This Paper mainly congregates on

leaves. Leaf Disease identification and Detection

has many applications for cultivators and farmers to

know whether the plant is diseased or not. So that

they can retort in dwarf time and decreasing the

loss and then can obtain immense profits. This

paper mainly focused at learning the disease of

plant through leaves. Here, we scrutinize the leaf

through Image Processing and extract features of
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particular leaf and then utilizing those features as a

dataset and done preprocessing and then

administering them in Artificial Intelligence based

learning algorithms like Convolutional Neural

Networks to find disease.
Keywords

Leaf disease Neural networks Features
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Abstract

Telemedicine is the remote delivery of health care

services to evaluate, diagnose and treat patients

using common technology, such as video

conferencing and smart phones, without the need

for an in-person visit. There is likelihood in altering

the medical images purposely or unintentionally

while transmitting over covert channel. The

Physician confirms the diagnosis region obtained

from the medical image as region of interest (ROI),

prior to interpreting any report on evaluation.

Watermarking scheme for medical images
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exploring DCT domain is conferred in this proposal.

Fuzzy c algorithm is utilized in segmenting the

assessment region (ROI) and non-interest region

(RONI), further the watermark is inserted through

modulation scheme termed as M-ary. The scheme

efficacy is determined for MRI medical images

through simulation by computation of quality

metrics such as PSNR and NCC.
Keywords

Medical image watermarking

Region of interest Fuzzy c-means

M-ary modulation
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Abstract

In this work, an optimized watermarking framework

is proposed with the hybrid combination of two

metaheuristic algorithms-firefly optimization and

differential evolution, namely HFADE. The cover

image is partitioned into 4 \times 4  subblocks, and

the watermark is concealed in the slant domain

using Quantized Index Modulation (QIM). The

optimized thresholds obtained with HFADE used in

quantization to improve imperceptibility and

robustness. Peak Signal to noise ratio(PSNR) and

Search Log in

ICDSMLA 2020 pp 859–866

Loading [MathJax]/jax/output/HTML-CSS/jax.js

https://link.springer.com/bookseries/7818
https://link.springer.com/
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-16-3690-5_79
https://link.springer.com/book/10.1007/978-981-16-3690-5
https://link.springer.com/chapter/10.1007/978-981-16-3690-5_79/cover


Normalized Cross Correlation (NCC) are used for

evaluation of the proposed watermarking scheme.

The fitness function for HFADE is taken as the

reciprocal of mean square error between the

watermarked and cover image. Simulation

outcomes convey that the proposed scheme

maintains improved imperceptibility, and the

watermark extracted from a seriously distorted

image.
Keywords

Differential evolution Firefly

Slant transform

Quantization index modulation
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Abstract

Prescient frameworks are the frameworks that are

wont to foresee some result based on some

example, acknowledgment. Diabetes illness

discovery is that the technique by which a patient's

determination is performed based on indications

examined, which may cause trouble while

foreseeing infection influence. For instance, fever

itself could be a manifestation of the numerous

scatters that do not tell the human services

proficient what precisely the sickness is. Since the

outcomes or feelings fluctuate from one doctor to
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an alternate, there is a necessity to help a

restorative doctor, which will have comparative

assessment positively side effects and clutters. It

may finish by breaking down the data created by

medicinal information or therapeutic records. In this

way, applying the AI calculations to foresee

diabetes ought to be completed.
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ABSTRACT

An Intrusion detection system (IDS) is a frame work, a certain check

system or information considering anomalous activities and when such

movement is found it gives an alarm. Various IDS procedures abide being

used nowadays yet one significant issue amidst every one like them is their

presentation contrasting works have been done forth this issue utilizing

bolster vector machine & multilayer perceptron. Administered learning

illustrations, considering example, bolster vector machines amidst related

learning calculations abide utilized facing break down information which is

utilized considering relapse examination & furthermore characterization.

IDS is utilized breaking down huge information as there is colossal traffic

which must endure dissected facing check considering dubious exercises &

furthermore endure effective doing as such. Intrusion detection system

(IDS) canister successfully distinguish oddity practices to system; endure a

certain as it may, it despite everything has low discovery rate & high bogus

caution rate particularly considering irregularities amidst less records.

Notable AI methods particular, SVM, irregular timber land & extreme

learning machine (ELM) abide applied. These methods abide notable as a

result like their capacity
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Abstract— In this paper there is comparison of four different 
machine learning algorithms such as Convolutional Neural 
Network (CNN), Recurrent Neural Network (RNN), Fuzzy logic 
and Genetic algorithm on Wisconsin Breast Cancer Diagnosis 
(WBCD) dataset for the detection of breast cancer in women. The 
test accuracies are compared to show the efficient algorithm for 
the detection of breast cancer using those algorithms. The dataset 
is partitioned to 70% training data and 30% testing data. The 
results for the applied algorithms are CNN acquired 96.49% 
accuracy, RNN acquired 63.15% accuracy, fuzzy logic acquired 
88.81% accuracy, and genetic algorithm acquired 80.399% 
accuracy. 

Keywords— Machine learning; Convolutional Neural 
Network; Recurrent Neural Network; Fuzzy logic; Genetic 
algorithm; Wisconsin breast cancer diagnosis (WBCD). 

 

I. INTRODUCTION 

Breast cancer is one of the dangerous diseases caused for 
women. The mortality rate is high if it is not treated in time. 
Breast cancer is caused due to the formation of tumors in the 
breast of women. There are two types of tumors that can be 
formed in body, they are benign tumor, malignant tumor. 
Benign tumors are harmless and they do not spread throughout 
the body they can be removed by proper medication, whereas 
malignant tumors are harmful they are cancerous tumors they 
can spread throughout the body if can’t identified quickly. 

They may even cause death, so they need to be identified in 
the initial stage so that the harm can be reduced by proper 
medication or surgeries. According to World Health 
Organisation (WHO) in 2020 there were 685000 deaths, 2.3 
million women diagnosed with breast cancer globally, there 
are 7.8 million women alive at the end of 2020 who are 
diagnosed for the past 5 years  [7]. There are certain factors 
which causes breast cancer for women such as harmful use of 
alcohol, radiation exposure, family history, obesity, 
reproductive history. The breast cancer survival rates for at 
least 5 years after diagnosis ranges from 66% in India, 40% in 
South Africa.  

For the diagnosis of the breast cancer the tumors must be 
detected, this can be done by ultrasound, mammogram, 
biopsy, magnetic resonance imaging (MRI). Machine 
Learning has multiple applications in medical field which can 

be used for the detection of various diseases. It allows a 
machine to learn by itself without human intervention, it can 
be used to train the models and test them. ML can be used in 
predicting the cancer cells, survival rates and specified 
treatment for patients. As mentioned in the Literature Review 
many authors have used different machine learning algorithms 
for breast cancer detection, but the main problem is to use the 
correct algorithm for efficient results. In this paper we use four 
different types of algorithms such as CNN, RNN, Genetic 
algorithm, and Fuzzy logic for detection of cancer tumors . The 
main goal of this paper to find out which machine learning 
algorithm is perfect for the tumor detection. As to know the 
perfect algorithm for the problem the above-mentioned 
algorithms results are compared. 

II. LITERATURE REVIEW 

There are many techniques proposed by many authors for 
the detection of breast cancer in women.  

The authors in paper [1] proposed the Convolutional 
neural network on the mini-MIAS dataset which consists of 
greyscale mammogram images and obtained 82.7% accuracy. 
In paper [2] the authors proposed the CNN by using pre 
trained VGG-16 model on MIAS dataset which consists of 
mammogram images by using 2 main angles such as CC and 
MLO view and acquired the accuracy of 0.931 for CC view 
and 0.887 accuracy for MLO view. 

Shaker K. Ali, Wamidh K. Mutlag proposed the fuzzy 
logic on the breast cancer dataset and obtained the accuracy of 
98%, they divided their work into 2 parts one for identification 
and second for classification of cancer tissue [3]. In paper [4] 
authors proposed different data mining tools on WBCO 
dataset by using the classifiers such as Naïve Bayes, Bayesian 
Logistic Regression, simple CART, J48 and obtained the 
accuracy of 95.2% for Naïve Bayes, 65.42% for Bayesian 
Logistic Regression, 98.13% for simple CART, 97.2% for J48. 

In paper [5] the authors proposed the genetic algorithm 
with phylogenetic trees and local binary patterns and support 
vector machines on the DDSM dataset and thus obtained the 
accuracy of 92.99% for genetic algorithm and 83.70% for 
local binary patterns and SVM.  

The authors from paper [6] used support vector machines, 
random forest and Bayesian network on WBCO dataset and 
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acquired the accuracy of 97% for SVM, 96.6% for RF and 
97.1% for Bayesian network. 

In paper [9] authors used GRU-SVM, multilayer 
perceptron, linear regression, softmax regression, SVM, and 
nearest neighbours on WDBC dataset and acquired the 
accuracy of 90.68% for GRU-SVM, 96.92% for multilayer 
perceptron, 92.89% for linear regression, 97.36% for softmax 
regression, 97.7% accuracy for SVM. 

The authors from [10] proposed genetic algorithm for 
breast cancers and different classifiers like J48, JRIP, Naïve 
Bayes on dataset from UCI which contains MSM-T and 
acquired the accuracy of 95.32% for J48, 92.98% for Naïve 
Bayes and 97.07% for JRIP.  

In the paper [11] authors proposed ML algorithms like 
Logistic regression, SVM, KNN on WBCD dataset and by 
projected ensemble voting techniques then acquired the 
precision of 98.50%. From paper [12] authors used Fuzzy c-
means algorithm along with pattern recognition model on 
WBCD dataset and acquired accuracy of 100% TP, 87% TN, 
0% FP, and 13% FN. 

From paper [13] authors used different data mining 
techniques such as SMO, IBK (KNN class ifier), Best First 
trees on WBC dataset and acquired the accuracy of 95.46% for 
BF, 95.90% for IBK, and 96.19% for SMO. In paper [14] 
authors used different ML algorithms like DT, ANN, and 
SVM on ICBC from 1997 to 2008 datasets and acquired the 
accuracy of 0.936 for DT, 0.947 for ANN, and 0.957 for 
SVM. 

In the paper [15] authors proposed ML algorithms like 
XGBoost, RF, and DNN on the information from BCIMS 
present at west china hospital of Sichuna University is used 
and acquired the results as 0.742 for XGBoost, 0.728 for RF, 
and 0.728 for DNN algorithm.  

In related paper [16] authors proposed data mining 
techniques such as sequential minimal optimization, J48 on 
WBC dataset and acquired the accuracy of 96.99% for SMO, 
and 75.52% for J48. 

The authors in the paper [17] proposed a supervised 
multinomial Bayesian learning for breast cancer detection 
using terahertz (THz) imaging. The work is done on the 
freshly excised murine tumors, the tumor is placed over filter 
paper and dried from excessive fluids and those are placed 
over scanning window for imaging process and histopathology 
process. Then the data is pre-processed and the proposed 
method is applied on them acquired the increase in the area 
under cancer and muscle ROC curve of 92.71%, 86.18%. 

In paper [18] authors proposed ML algorithms such as 
Decision tree (J48), Naïve Bayes (NB), and Sequential 
minimal optimization (SMO) on the Wisconsin Breast Cancer 
and Breast cancer dataset. In this the 10-fold cross validation 
is used to assess the results, in breast cancer dataset J48 has 
highest accuracy of 98.20% and in WBC dataset SMO has the 
highest accuracy of 99.56%. 

In related paper [19] authors proposed an optimized K-
Nearest Neighbor model is used for the breast cancer 
detection. Wisconsin Breast cancer dataset is used on which 
the proposed model is applied. In this the hyper-parameter 
tuning on KNN is tested experimentally and acquired the 
performance of 90.10% and accuracy for proposed optimized 
KNN model is 94.35%. 

From paper [20] proposed ML algorithms like SVM, 
KNN, Linear Regression on the Wisconsin Breast cancer 
dataset. A predicted system is proposed for early breast cancer 
detection by analysing smallest set of attributes from clinical 
dataset. Thus, the maximum classification accuracy obtained 
is 99.28%, and KNN has the highest accuracy than the linear 
regression and SVM. 

In paper [21] authors considered a grey scale lung image 
and used malignant calculation through data and CPU 
infrastructure for improving the probability for finding lung 
cancer in the patient. The paper [22] is a survey on medical 
imaging of EIT by variable current pattern methods the 
authors have considered various papers and concluded that by 
electrical impedance tomography (EIT) is very useful for 
diagnosis sector of pulmonary problems in clinical decision 
making with high accuracy. 

III. DATASET  

Wisconsin Breast Cancer Diagnosis (WBCD) dataset is 
used in this work. Which is  considered from UCI repository. 
This data is collected by Dr. William H. Wolberg from general 
surgery dept., W. Nick Street from computer science dept., 
Olvi L. Mangasarian from computer science dept. from 
university of Wisconsin [8]. 

3.1. Dataset Information 

The dataset consists of the Fine Needle Aspirate (FNA) 
from a digitized image of the breast mass. It consists of 569 
instances with 32 attributes, there are 10 real valued features 
which are computed for each nucleus of the cell such as a) 
radius, b) texture, c) perimeter, d) area, e) smoothness, f) 
compactness, g) concavity, h) concave points, i) symmetry and 
j) fractal dimension these features are computed on masses of 
breasts which can be divided to M= malignant and B= benign 
for diagnosis, this sample consist of 212 malignant tumors and 
357 benign tumors. 

IV. METHODS AND METHODOLOGY 

The dataset may contain missing, uncertain data and noisy 
data values due to huge size and they are obtained from 
miscellaneous sources. So, the dataset is pre-processed to find 
any such type of values, pre-processing can be done manually 
by finding any such values and replacing them with mean of 
the values. The WBCD dataset does not contain any missing 
values so there is no need for replacement of the values. 
Google Colaboratory is used as simulation tool in the work for 
analysis. 

a) Convolutional Neural Network  
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Convolutional neural network is a type of artificial neural 
network which can be used for many classification tasks like 
images or data values etc. It consists of input layer, output 
layer and hidden layers. In the input layer the data on which 
the operations to be done are given and then these data items 
go to the hidden layers.  

 

Fig. 1. CNN architecture 

There may be more than one hidden layer in neural 
networks, the CNN has Convnet layer, pooling layer, 
activation layer these layers can be arranged in different ways 
along with their dense so that the operations can be done 
accurately and the data is transferred to output layer which 
gives the output for the performed operation. 

In this paper conv1D layer, LeakyReLU layers  are used in 
the hidden layers. Conv1D is used for 1-dimensional data in 
which kernel moves in one direction from input to output data 
can be used for sequences. The Conv1D is a convolution 
kernel that is convolved with layer input over a single spatial 
dimension to produce tensor of outputs, this layer is used for 
pattern recognition by extracting features from vectors . Those 
features are sent to next layers where LeakyReLU activation 
function used then the values is sent to the hidden layers, in 
proposed method two hidden layers are used and a sigmoid 
output layer is used.   

LeakyReLU- Leaky Rectified Linear Unit is improved 
version for Rectified Linear Unit activation function. Both 
activation functions do not activate all the neurons at same 
time In ReLU if the function values go to negative input, then 
those values are returned as zero and for positive values it 
gives the value itself. Since the negative values are returned 
zero the neurons at those values are deactivated and causes 
dying ReLU, to overcome this dying ReLU LeakyReLU had 
been improved. In LeakyReLU modifies the function to allow 
small negative values instead of returning them to zero. Thus, 
the neurons at those values are active and we can overcome 
dying ReLU.  

 
Fig. 2. LeakyReLU  

 

Fig. 3.  Accuracy and loss values progress graph after applying CNN on 
WBCD dataset. 

b) Recurrent Neural Network  

Recurrent neural network is one of the artificial neural 
networks which can be done operations on data type or audio 
files etc. RNN helps to model a sequential data. It is similar to 
neural networks but a memory state is added to neurons. In 
neural networks all the input and output values are 
independent to each other but in RNN the hidden layers 
remember the data which is done in one previous layer and 
gives that remembered data to next layer as input so that it can 
perform operations on data. In the proposed method two 
hidden layers are used where the backpropagation is done 
among them by remembering the values from previous layers. 
The sequential model is used as input and a sigmoid function 
is used for the output from the neural network. It works 
similar to human brains for delivering predicting results. 
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Fig. 4. Recurrent Neural Network architecture 

 

Fig. 5.  Confusion Matrix after applying RNN to WBCD dataset  

c) Genetic Algorithm 

Genetic algorithm is a machine learning algorithm which 
uses a way of natural selection and genetics. It is a way to 
select in a natural way of species which can adapt and survive 
to the changes in environment. It is based on survival of 
fitness, each population consists of many individuals where 
each can be represented as  int/bit/float/char value. These 
values are considered as a parent and they are used to obtain 
new offspring which is better than the considered data values. 
There can be mutation among them, adaption of genes, 
elitism, and selection of new population to get the better 
outcomes. 

 

Fig. 6.  Genetic algorithm 

At first the initial population is considered and a sample is 
selected from that population and if results are good then those 
values are considered, if population sample results are not 
good then mutation and crossover is done to the population 
sample to acquire new population sample whose values are 
good.  

In the proposed method the fitness of the model is 
calculated if the fitness is not good the mating is done along 
with mutation and random genome so that the acquired 
population fitness is better than the normal fitness so those 
population sample is used for acquiring the accuracy. 

 
Fig. 7.  Fitness accuracy graph applying genetic algorithm to WBCD dataset. 

d) Fuzzy Logic 

Fuzzy Logic is a machine learning algorithm which is 
similar to human reasoning, it makes a decision whether it 
may be yes or no such as Boolean output, so the fuzzy logic 
can be used for decision making and problem solving. The 
fuzzy logic consists of fuzzification module, knowledge base, 
inference engine, defuzzification module. The input is given to 
the algorithm then fuzzification module converts the input 
signals into different steps and transfers to knowledge base 
which contains the rules and inference engine which does 
human reasoning then the signals are transferred to 
defuzzification module which converts the received signals 
into human understandable form. 

In the proposed method the input is taken from the dataset 
and those values are given to fuzzification layer which is used 
to machine readable format then those values are transferred to 
inference where the fuzzy rule is applied to those values and 
which can be used to detect the tumors and sent to 
defuzzification layer where the values are converted to normal 
outputs. 

 
Fig. 8.  Fuzzy Logic architecture. 

4.1 Methodology 

The Wisconsin Breast Cancer Diagnosis dataset is taken 
and then it is pre-processed for any missing values or noisy 
data, since the dataset is a clinical dataset, after importing the 
dataset it is checked for any missing values and those missing 
values are replaced by mean of the feature column, but there 
are no missing values then an encoder is applied so that the 
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objects are encoded into float values. Then that data is  split 
into training and testing set and four different algorithms like 
Convolutional neural network, Recurrent neural network, 
Genetic algorithm and fuzzy logic are applied on it. After 
training them separately those algorithms are applied for 
testing phase and the accuracy of each algorithm is obtained 
and those accuracies are compared. 

 
Fig. 9.  Flow diagram of proposed breast cancer classification 

 

 

 

V. RESULTS  

The main concept of this study is to acquire a good 
accuracy for the detection of tumors in breasts of women. So, 
that different algorithms are used in this paper. The machine 
learning algorithms which are applied here can be useful for 
accurate detection of tumor cells. Then those algorithms are 
applied for the considered dataset to acquire the appropriate 
results. The CNN obtained the accuracy of 96.49%, RNN 
obtained accuracy of 63.15%, Genetic algorithm obtained 
accuracy of 80.39%, and Fuzzy Logic obtained the accuracy 
of 88.81%. CNN acquired highest accuracy for breast cancer 
identification on WBCD dataset. 

 

TABLE 1 

COMPARISON OF ACCURACY OBTAINED BY DIFFERENT ALGORITHMS USED 
FOR WBCD DATASET 

ALGO RITHMS USED ACCURACY 
PERCENTAGE 

Convolutional neural 
network 

96.49 

Recurrent neural network 63.15 

Genetic Algorithm 80.399 

Fuzzy Logic 88.81 

 

  

Fig. 10.  Algorithm and Accuracy comparison 

VI. CONCLUSION 

 Machine learning algorithms can be widely used for 
various medical field which can be used for good diagnostic 
tool for physicians to analyse the available data for further 
references. This paper represents the usage of four ML 
algorithms like CNN, RNN, Genetic algorithm, Fuzzy Logic 
and those accuracy is compared. CNN has acquired highest 
accuracy of 96.49%. 

VII. FUTURE WORK 

 Although the proposed work has acquired good results the 
medical field need to have a 100% perfect results without any 
flaws. So, in near future there may be various advanced 
changes of technology or many new techniques may be 
available. Using those advanced techniques there may be 
improvements in the tumor detection and classification. 
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Abstract

Optimization techniques are employed to deal with dynamic, difficult, and robust
problems. Most of the Machine learning algorithms are implemented to predict heart
diseases. Classification techniques are one of the methods that is highly used in machine
learning for prediction. Some classification methods predict accuracy with acceptable
range, but others may not. In this paper, we streamline two different bio inspired
algorithms, Ant and Bat are used for heart disease prediction. Here, we extracting the key
features from heart disease attributes using these two bio-inspired algorithms. Then
these extracted features are implemented to the different classifiers. In this research, we
examine the bio inspired algorithms optimized with Random Forest and SVM classifiers
and compared the results. Ant colony optimization and Bat colony optimization give
better results with SVM classifier than Random Forest classifier. When comparing the
results in this research, Bat algorithm is better-optimized algorithm than ant algorithm.
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Abstract. Engagement of customers through social media has gained 
considerable popularity in recent years in the field of digital marketing. 
Especially with the rise of technological revolution in business operations, 
utilizing sophisticated technology for strategic development of businesses has 
been seen. In this regard, data pipeline can be considered as an efficient, 
automated and sophisticated technology that uses a systematic data 
management process for voluminous data. The paper thus aims to investigate 
the beneficial scope of aligning social media with data pipeline technology for 
enhancing customer engagement. Through an empirical analysis of existing 
secondary resources as a viable and beneficial method for research, the study 
has developed a comprehensive understanding of data pipelines and social 
media platforms contributing to the enhancement of customer engagement. 
The main findings of the study indicates that through the ETL pipeline 
(Extraction- Transformation-Loading), large columns data is managed 
sequentially and swiftly. The automated system can be used with both 
flexibility and control to manage the data flow. The businesses are able to 
control the data flow to their advantage and increase visibility and interaction. 
Simultaneously the analytics process of the big data aids the decision-making 
process that ensures customer behavior and market demands are being 
considered accurately. The study also considers certain challenges such as 
lack of increased storage capacity, high volume data, and consistency on that 
can be addressed through further development of advanced architecture. 
 
Keywords: data pipeline, ETL pipeline, Big Data management, Big Data 
analytics, social media, social media marketing, digital marketing, customer 
engagement. 

 



 

 

1. Introduction 
Social media platforms have been recognized as one of the most effective and 
engaging platforms through which various industries promote products and 
services or simply establish relationships with their customers. Recent inclination 
to utilize sophisticated technology for enhancing marketing policies among target 
demographic has been seen throughout various global industries. Organizations 
are seen to utilize various data analytics technologies for processing vast 
quantities of customer data and perform tasks such as online engagement rates, 
response to new and old products, sharing feedback and so on. These are only 
surface level operations that are aided through sophisticated data analytics 
technology such as data pipeline. 
 
Data pipeline is an advanced data processing and analytics technology that is able 
to retrieve and process data and store it in a data warehouse. The three prime 
elements in data pipelines consist of a source, processing of data and destination 
[1]. The apparent simplicity of its process is far more critical in application as it is 
used by organizations to organize real-time data, process it and store it. 
Organizations are highly interested in processing large-scale digital information 
and analyze it for assessing market demands, leading to creation of  personalized 
digital marketing policies. On a global scale, the expenditure for social media 
marketing is expected to increase 10.93% by 2025 [2]. Especially, with the 
increased rate of using various mobile applications, it has become a necessity to 
process and store data of each customer. Hence, the paper will address the issues 
of large-scale data processing in general and aim at investigating the beneficial 
use of data pipelines in increasing the rate of customer engagement through social 
media. 
 
 

 
 

Figure 1: Big Data Pipeline Architecture [1] 



 

 

 
 
 

1.1 Analysis of data pipeline technology 

The overall usage of digital information gathered from various social 
media platforms have grown in variety, volume and velocity. Big data 
or the enormous volume of data gathered through social media 
interaction can be processed and stored through dada pipelines [3]. 
Such a sophisticated technology is able to support big data and has 
evolved to ensure that data processing is conducted in a clear and 
logical sequence. The interaction of customers throughout various 
social media platforms are processed and assessed through predictive 
analytics [4]. It leads to the enhancement of engagement through proper 
marketing. In other words, as the organizations monitor the rate of 
engagement, they are able to understand the direction of market 
demands and cater towards the personal desires of customers. 
 
 

 
 

Figure 2: Three Vs of Big Data [3] 
 
 

Extraction of big data from its current source location, processing or 
transforming it into a reliable format. A secured loading or storage process is 
conducted at the third stage of the data pipeline where the stored data is 
analyzed through sophisticated machine learning technology [5]. The most 
beneficial aspect of the data pipeline that is used by business is its ability to 



 

 

extract data at any point of data processing [6]. Hence, the data pipeline 
technology can be used to provide organizations with the required data for 
analytics. It not only contributes to saving time of conducting data extraction 
from the source point alone but also enables companies to save the extracted 
data. Huge volume of data is then analyzed automatically in order to perceive 
the market demands and customer attitudes towards a certain product or 
service. 

 
Data ingestion pipeline is used for the purpose of big data analysis. AI 
has been used in recent times for the improvement of ingestion practices [7]. It 
also helps in avoiding redundant loading of the processed data that uses an 
automated system. In essence, data pipeline technologies are able to provide 
optimal scope for extracting and processing big data in a systematic manner. 

 
1.2 Benefits of data pipeline for customer engagement 

  

Data pipelines can be used to optimize the process of big data extraction, 
transformation and loading. Customer data can be extracted from various 
applications used by them [8]. As companies grow more and more aware about 
the behavior and demands of customers, they are able to employ policies for 
raising social media engagement through effective marketing. It also helps in 
providing the organizations with ample knowledge regarding their retail sales 
rates and post engagement, aiding business-related decision-making processes. 
This information is highly beneficial to the decision-making process as it assists 
in generating strategies for attaining substantial competitive advantage. 

 
The elements of data pipeline technology help in managing the e-commerce 
segment of various businesses and increases customer engagement through the 
accurate data analytics. Using social media analytics tools for analyzing 
customer behavior helps in the decision- making process [9]. Customers 
express their feedback and attitudes towards a certain product or service 
through social media posting, sharing, commenting or liking. Such data is then 
analyzed to generate personalized, suggestive and attractive marketing policies 
to further enhance customer engagement. On the other hand, through social 
media platforms, various organizations enhance their interaction with 
individual customers [10]. It not only establishes a sustainable and loyal 
relationship among a brand’s targeted customer base but it also ensures that 
through such direct interactions, market demands are being recognized. In 
essence, the big data extracted from social media platforms through data 
pipelines contributes to critical business operations that have significant 
influence on an organization’s manufacturing or production policies and 
marketing policies. Thus, the use of data pipeline technology for big data 
processing leading to proper analytics systems helps organizations to engage 



 

 

with their customers in a personalized manner that naturally leads to 
competitive advantage. 

 
2 Methods and Materials 

 
The paper has conducted an empirical analysis on the topic of social media and 
data pipeline optimization in customer engagement. Construction of systematic 
and sequential methodology for the conduction of research enhances scope for 
logical and valid outcomes [11]. Various secondary resources on the topic had 
been gathered to analyze in order to meet the aim of the paper. In this regard, a 
descriptive design to the analysis of gathered resources had been conducted. 
Descriptive research design helps in the development of a research that is based 
on the development of knowledge through analyzing existing data or information 
[12]. Furthermore, a deductive research design had been adopted in order to ensure 
in-depth analysis. The overall qualitative approach undertaken for this particular 
paper had helped it to generate new ideas and hypotheses based on 
multidimensional existing literature on the topic.  
 
The materials used for the study had been gathered from a targeted and systematic 
search for materials in certain electronic databases such as ProQuest and Google 
Scholar. Peer-reviewed and published journals, newspaper articles and official 
reports had been gathered. A systematic sampling method had been adopted as 
well which consisted of inclusion- exclusion criteria. Setting inclusion-exclusion 
arteritis assists in discovering only those materials which are beneficial for the 
course of a given research [13]. The criteria set for this particular study pertaining 
to the selection of beneficial and informative journal articles had included, peer-
reviewed articles, publications within the last 5 years, publications in English 
language and publications containing certain keywords such as data pipeline, big 
data, big data analytics, marketing, digital marketing, customer engagement and 
social media.  Thus, adoption of these specific methods has aided the process of 
data collection and data analysis, leading to the findings of the research that is 
valid, relevant and evidence-based 
 

3. Results 
 

Advantages of data pipeline technology for enhancing social media 
engagement 

There are various advantages that are attained by a business through a data 
pipeline. Businesses use data pipelines to enhance their capacity for 
predictive analysis and measure the rate of activities or engagement in social 
media. Social media is a thriving platform that allows individuals to interact 
freely with a brand [14]. Businesses use this opportunity to retrieve the data of 
users to get accurate information regarding the brand’s ability to meet the key 



 

 

performance indicators (KPI) [15]. The activities of a potential customer on 
social media are assessed to analyze their demands, timing of purchase, and 
inclination for purchasing within a price range and so on. In essence, as a key 
advantage of such data streaming and analysis helps businesses to perceive 
the buying behavior of customers and offer products and services 
accordingly. 
As businesses continue to align their social media platforms with data 
pipelines, they are essentially in control of regulating the flow of data. This 
helps businesses to gain relevancy and thus further engagement. Social media 
is being used as a significant platform for promoting and interacting with 
customers [16]. The current demographic is more prone to using social media 
than engaging in any other forms of engagement platforms. With the use of 
data pipeline technology, a brand is able to manage the data in a flexible 
manner [17]. Such flexibility leads to the beneficial alignment of data to the 
customers, leading to enhancement in social media interaction among 
customers. 

 

Figure 3: Social media engagement strategies [16] 
 

Management of such vast amounts of data and using it to meet the specific 
needs of a business is an advantageous side of data pipeline technology. The 
ETL pipeline (Extraction- Transformation-Loading) helps in the formation of 
an effective network [18]. Utilization of Thai networks in social media aids the 
process of customer engagement. 

 



 

 

 
 

Figure 4: ETL pipeline process [18] 
 

Challenges in big data analytics with data pipeline 
 

There are several challenges that are faced in big data management without 
proper data pipeline architecture. The large volume of data remains at risk of 
being lost in the processing phase or may not reach the data warehouse [19]. 
Additionally, the major challenges identified in the field of big data analytics is 
proper management and integration process. In many cases, such processes are 
reliable in human understanding [20]. However, in recent times, development 
of AI-based systems for such operations has reduced this particular challenge. 
Regardless, lack of proper knowledge regarding the system limits the ability of 
a business to use it and optimize information to its own benefits. 

 
There is a critical challenge that is faced by business in the utilization of data 
pipeline architecture as SMEs fail to integrate it due to financial lack. Both 
technological and financial infrastructure is required for the development and 
integration of sophisticated technology [21]. The technology itself may be 
faced with certain challenges as there is a possibility of a gap between real-time 
data entry and ETL process (Extraction-Transformation-Loading) [22]. The 
recent integration of AI-based systems in data processing and analytics has 
however decreased the time lag. Another challenge faced in recent years is the 
rising velocity, variety and most importantly volume of data. Each stream of 
data is to be processed through a data pipeline after which proper analytics can 
be conducted [23]. Hence, gap in processing capacity due lack of proper digital 
architecture leads to challenges in implementation as well as lack of 
consistency, security and so on. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 



 

 

Figure 5: Challenges in Big Data analytics [23] 
 
 

Optimization of data pipeline for enhancing social media engagement and 
organizational benefits 

 
The organizations are able to benefit exponentially through data processing and 
analysis optimization that is aided by data pipeline technology. The 
organizations are able to gain profit and obtain substantial competitive 
advantage [24]. Enhancing customer engagement through social media is 
attained through analysis and predictive assessment [25]. As KPIs are also 
maintained with the use of data pipelines, it brings about significant 
opportunities for profitability. 
 
On the other hand, the flexibility provided to the organizations as data pipelines 
are being used assists in their processes of active engagement. Social media 
analytics has been considered as an emerging tool for aiding the progress of 
business [26]. Data pipelines are also able to provide a clear view of the data 
flow based on which decision-making process is conducted. In essence, it can 
be stated that linkage of social media and data pipelines helps in increasing 
customer engagement and help businesses to formulate strategies for further 
marketing growth. The data flow of social media is tracked and analyzed in 
order to provide the organizations with ample insight into the needs of 
necessary modifications. 
 

Social media marketing has been acknowledged as an effective segment for 
promoting products and services effectively. As the worldwide wealth of digital 
information rises, businesses use this opportunity to place their products or 
services in a strategic manner [27]. It essentially helps increase product 
visibility and ensure customers are effectively engaged with the brand through 
social media platforms. Hence, the most significant benefit that data pipelines 
are able to provide the organizations is the ability to analyze voluminous data 
and use it to retain relevance and interaction. Keeping track of the customer’s 

opinions and latest trends are also analyze to strategically place product 
suggestions through various social media platforms, enhancing scope for 
sustained profitability. 
 

4. Discussion 
 

Analysis of the relevant literature has indicated the positive scope of using data 
pipeline in connection with social media to ensure a positive growth in 
customer interaction. Most optimal method of data processing and analysis has 



 

 

been identified through the implementation of a data pipeline system [15]. As a 
data pipeline provides the optimal scope for arranging data in a sequential and 
synchronized format, it aids the development of a reproducible system in 
which businesses are able to gain insight into the gathered data and use it to 
aid their decision-making process. Additionally, it has also been indicated that 
the automated ETL pipelines enable a timely analysis of valuable data. 
 
The flexibility offered in data pipelines can be used for social media platforms 
to ensure that the data flow of raw data travels uninterruptedly to its 
destination. The point of data flow within a pipeline system ensures sequential 
flow which can be controlled by a business [22]. The main benefit of aligning 
data pipelines and social media is the enhancement in capacity to process large 
volumes of data, generated every second of the day. Being in control of the data 
processing procedures, it has been indicated that the development of an 
effective and interactive relationship between the brands and customers is 
possible by virtue of relevant data flow. 
 
Data pipelines are also able to extract big data and distribute them in various 
relevant sets. Such a simplified structure for voluminous data helps in backing 
up data and redistributing in case of a crashed server [23]. Analysis of the data 
gathered from various social media platforms, a business is also able to assess 
the behavior and attitudes of customers. Gaining the trust of customers is an 
important part of effective marketing. However, customer engagement 
enhancement is not merely limited to the marketing procedures. It is extended 
towards a controlled flow of data to ensure that product visibility is optimal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Big data analytics for social media [4] 

 



 

 

It has also been gathered that certain challenges are faced by organizations in 
the process of data pipeline integration for management and processing. A 
comprehensive awareness of the entire system hinders the process of proper 
utilization [19]. Along with that, the lack of financial support has also been 
identified as one of the challenging factors pertaining to the implementation of 
sophisticated technology. Moreover, as the wealth of digital data on a global 
scale continues to increase, feasible options for adequate management, 
processing and analysis become highly dependable on the capacity of a 
system’s data storage. Real-time data gathered from social media contributes to 
the generation of voluminous data every day. Hence, the overall capacity of the 
data pipeline to stream sequential data poses a challenge. However, despite 
these challenges, constant modification and innovative discoveries made in the 
field enhances its overall capacity and enables it to be used efficiently for 
managing big data and providing scope to the businesses to use it as a digital 
tool for increasing customer engagement. 
 

5. Conclusion 

Social media is used as a platform for active interaction between various 
businesses and customers. Increased rate of online interaction between a 
business and its target customers leads to the establishment of loyal and 
beneficial relationships. Increase in social media engagement is thus considered 
to be a significant part of increasing profitability and competitive advantage. 
Fulfillment of such business agenda may be possible with the use of data 
pipeline for social media engagement enhancement. 
 

The data pipeline uses a systematic process of data extraction, 
transformation and loading (ETL) for sequential management of big data. 
With the growth of digital data, processing such voluminous data through 
a controlled yet flexible technology is required which is provided by a data 
pipeline. However, the processing and storage capacity is required to be in 
accordance with the growing volume, velocity and variety of data. It has been 
gathered that with the alignment of social media and data pipelines, businesses 
are able to control the data flow and direct the raw data to a beneficial 
destination that ultimately leads to the enhancement of customer engagement. 
In conclusion, it can be used as a potent tool for strategic placement, increased 
interaction and decision-making process. 
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Abstract. Losing your family members, obtaining a pink slip from employ-
ment, probing a divorce, and different tough things will lead an individual to
feel unhappy, lonely, and scared. These feelings are traditional reactions to life’s
stressors.

Happy, your cute companion, a Chatbot (or conversational interface as it is
also known), presents a way for such individuals to interact with it by simply
speaking their mind, in the same manner they would do with their friends and
family. In addition, it helps people by providing emotional support, making them
feel good, not judging them, and always coming up with a positive response such
that it instils a sense of confidence in them and ultimately tries its best to change
their minds.

It cares like a mother, scolds like a father, supports like a sibling, understands
like a best friend, and most importantly, helps make the right decision even though
it seems complicated and impossible. Last but not least, it will remind people to
first love themselves by making them realize how important is their existence in
this world is in their unique way. We tested with nearly 300 test cases in our
experimentation and identified the performance as 93%. For this experiment, we
made use of AI methods such as Natural Language Processing (NLP), enabling
the people to converse with it using natural language input and train and test the
chatbot using effective methods so that it will be able to respond in a positive sense
to instill confidence in the user and change their mind.

Keywords: Empathic Chatbot · Astuteness · Neural framework

1 Introduction

In present days, there are many alternative treatment options available for those laid low
with depression. When someone is in depression, one gets different thoughts where there
is an opportunity to require wrong decisions. one best thanks to the startup of depression
is to socialize – meaning is not hesitating to speak to trusted relations or friends or getting
more connections. But finding such people within the society is not as easy as said. The
person is feared of being judged, and getting rejected has been a significant hurdle for
depressed ones. The patient needs an individual who can provide emotional support
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in any situation. He must feel the chatbot is a friend he can trust, so our emotionally
intelligent chatbot usually understands human feelings by employing a text format. Our
chatbot usually acts sort of a friend, listens patiently to what the user wants to inform,
and provides replies in a pleasant way where the user never feels judged. So, our chatbot
tries to convince him and alter his mood.

Generally, we encounter countless chatbots deployed on websites and several other
digital assistants such as Alexa Siri in the real world. But with these, there is no need to
empathize with the user since there is no need to converse with the user by understanding
and analyzing their emotions. While in the case of mental healthcare patients, it becomes
very critical. The same is researched upon and mentioned by authors [2]. On conducting
a review of the perceptions and opinions of patients about chatbots of mental health by
authors [4], it was concluded that the result was positive. The survey conducted by authors
[6] among the youth concerning their stress levels resulted in blaming various factors
such as exams, assignments, being overly busy or falling behind, over expectations,
thoughts of the future, etc., for their stressful days. It was also highlighted in [6] that
while some of the youth preferred talking about their mental health with friends and/or
family, others found it rather “confronting” and “judgemental.”

So, the mental state doctors have implemented the advancement of technology,
mainly Artificial Intelligence-based chatbots, to deal with the people stricken by such
problems as the first line of defense. Mental state chatbots give a probative presence to
service druggies, engaging them with discussion now and then and after they feel low
[11]. They are all ears to air concerns, worries, intrusive thoughts, or engage in ‘thera-
peutic’ confabulation. They will detect the user’s mood with the help of the text input
and give a sympathetic response. Some chatbots can give suggestions or advice to assist
them by challenging their sad thoughts. Modeling tactics from behavioral therapy will
help the users accept and confront their emotions. The evolution of computer science has
opened the doors for several chatbots, but three out of those wellness chatbots (WoeBot
[8, 12], Wysa [10, 12], and Tess [3, 5]) are exceeding in this domain and are extensively
in use.

Our chatbot uses computer science methods like linguistic communication Process-
ing (NLP), allowing the users to interact with it using language input and to coach the
chatbot using appropriate methods so it will be able to respond positively to instill con-
fidence within the user and alter their mind. Using NLP, our chatbot can be written and
attain tasks like keyword extraction, translation, and topic classification. Furthermore,
with the said NLP capabilities, this chatbot can recognize and analyze the similarities in
the patient discussion environment and dissect the sentiment behind the communication
by using contextual suggestions from the given input [9].

2 Existing Approaches

The various studies indicate that the mental health chatbots are more focused on helping
the younger population by helping in the detection and reduction of stress [13], anxiety,
and depression [3, 8, 10]. Also, one particular study evaluates that those who interacted
daily with these chatbots seemed to benefit from them [14], telling us that increasing
the usage of user-friendly chatbots will be critical in proving effective. On extensive
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research in this field of study, it was found that quite a few mental chatbots existed but
used a different approach than ours [12].

1) Woebot, a fully automated conversational agent developed by Woebot Labs in San
Francisco uses cognitive behavioral therapy – essentially an evidence-based app-
roach to treatment. However, the app users complained that it felt more like a quiz
than a chat [7, 8, 15].

2) Wysa, a playful artificial penguin, is skilled in cognitive behavioral therapy (CBT)
and reorganization of thoughts, but the users felt it was scripted and always asked
for more information which was tiring and frustrating [7, 10, 15].

3) Joyable, an online platform, also uses CBT. Even though the interface is less user-
friendly than Woebot and Wysa, it is pretty straightforward and puts less pressure
on the users. The only disadvantage is that the app is not very helpful for moderate
to severe depression and anxiety [7, 15].

4) Talkspace, a chatbot used for online licensed therapy, is user-friendly but has a longer
sign-up process along with not-so-accurate responses from the therapists [7, 15].

3 Proposed System Architecture

The authors mentioned the different types of chatbots, their area of knowledge, their
need to serve the population, the generalized architecture of the modern chatbots, and
their primary platforms for creation [1, 9]. The proposed system architecture mentioned
below gains inspiration from the authors mentioned above and gives a clear picture of the
working of the chatbot. It also depicts the importance of various library functions in the
implementation, including NLTK, Keras, and pickle. The architecture is a sophisticated
model that hides the underlying source code. The figure below helps us determine the
overall working of the chatbot and can also be used as a reference for drawing the
different UML diagrams associated with the experimentation.

Fig. 1. The architecture of the proposed system
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Fig. 2. Flowchart of the proposed system

The above Figs. 1 and 2 describe the overall flow of the implementation in the form
of a flowchart which will help better understand the proposed system’s architecture.

4 Dataset

The dataset that has been used for training and testing the model has not been taken from
any predefined datasets on the internet. Instead, the dataset was created using sources
like Wikipedia and other relevant google articles. We frequently conversed with the
emotionally intelligent chatbot to understand the chatbot’s response to the user’s input
questions and tried to update our dataset based on that. As we progressed, we were able
to develop a decent conversation between the user and the chatbot so that the chatbot
always responds positively, thereby instilling the user’s confidence. The dataset was
created, updated, and finalized to ensure that the chatbot’s responses always change the
user’s mind as a friend (Fig. 3).
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Fig. 3. Sample dataset

5 Execution

1) Importing and loading the data: We need to import the required libraries and
packages for the emotionally intelligent chatbot and then initialize the variables
used in our work. Since the dataset that has been used is in JSON format, it is
essential to use the ‘json’ package to parse the corresponding dataset into a python
file.

2) Preprocessing the data: While developing a deep learning model, it is necessary
to ensure that several preprocessing techniques are performed to free it from incon-
sistency and noise. The different preprocessing operations done on the data file
are:

a) Converting the corpse into lowercase.
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b) Tokenization of data.
c) Removing noise and stopping words from data.
d) Stemming of data.
e) Lemmatization of data.

3) Create training and testing data: We have to produce both the training and testing
data to provide the input and output. The input will correspond to the specimen, and
the outcome shall be the class that the input design belongs to. It is also essential
that we change the text into numbers so that the computer can understand what the
user is trying to say.

4) Building the model: Since the training and testing data is ready, we must build
a deep neural network with 3 Dense layers. We use the Keras Sequential Model
wherein the top layer has 128 neurons, the second one has 64, and the last has the
same neurons as the number of classes. The preparation and testing of the model
have been finished utilizing 200 Epochs with a cluster size of 5 (Fig. 4).

5) Predicting the response by creating a Graphical User Interface: Create a GUI
using the Tkinter module of Python that will foretell an accurate response from the
chatbot. It will identify a specific class from several classes and then extracts an
arbitrary response from the list of intents. Since the input should be similar to those
provided during training, we need to perform input preprocessing and then envision
the class to which it belongs.

6) Running the chatbot: The chatbot interface file will open up a GUI window to help
in an easy and hassle-free conversation between the user and the chatbot.

The test strategy and approach of the framework are associated with actions, expected
output, and the actual output associated with experimentation. Table 1 illustrates each
test case and its expected outcomes after executing the modules.

Fig. 4. Design of the Sequential Model used in the implementation.
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Table 1. Test strategy and approach

S. no. Action Expected output Output

1 Installation of Python
version 3.8

Successful installation of
Python

Successful Installation of
Python

2 Installation TensorFlow,
Keras, pickle, NLTK
packages and libraries

Successful installation of all
packages

Successful installation of
all packages

3 Downloading the dataset to
train and test the model

Successful download of the
dataset

Dataset successfully
created

4 Preprocessing the data
• Converting the corpse to

lowercase
• Tokenization of data
• Removing noise and

stopping words from data
• Stemming of data
• Lemmatization of data

Successful Pre-processing
of data. In the end, the
words contain the
vocabulary of our dataset,
and classes contain the total
entities to classify

Preprocessing of data is
completed successfully. A
list of words, documents,
and classes have been
created

5 Create Training and testing
data

Training and test data have
been created

Successful creation of
training and testing data

6 Training the model using a
Deep Neural Network
consisting of 3 Dense layers

Training of the model is
completed

Training of the model has
been completed

7 Creation of GUI for the
chatbot using Tkinter
module in Python

The GUI for the chatbot has
been created

The GUI for the chatbot
has been successfully
created

8 Running the chatbot Successful execution of
chatbot

Successful execution of
chatbot

6 Conclusion and Future Scope

This work will help instill confidence in individuals suffering from mental health prob-
lems by not being judgemental by nature and encourage individuals experiencing depres-
sion and psychological conditions. The chatbot mainly gives importance to the emotions
of people. It will help change their minds by understanding their problems and reply-
ing positively. So, people get courage and strength by communicating with the chatbot.
It gives a reply according to the input message given by the user. For example, if the
user texts the chatbot like feeling sad, our chatbot replies to boost the user’s mood. Our
chatbot is friendly, so the user is compelled to speak or share anything with the chatbot
without any hesitation or anxiety. Due to this, the pain of the user will be reduced. The
technologies used will give an accurate response to the user input questions with an
average accuracy of 93%, reducing the risk of suicidal tendencies in such individuals.

This chatbot presents a way for such individuals to interact with it by simply speaking
their minds in the same manner that they would do with their friends and family. The
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scope of the proposed system is understanding and analyzing the user’s emotions through
text and replying to the user through text. (Using various NLP techniques and a deep
neural network consisting of 3 dense layers). In the future, our framework can include
understanding the user’s emotions in their native language through advanced features
like voice and face recognition.
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Abstract. Technology is one of the modes of education to optimize teaching and
learning methodologies in imparting knowledge. Talking about higher educational
institutes, one can see the same pedagogy as it used to be a decade ago. However,
these Institutes are plagued by many challenges like lack of infrastructure and
inadequate technology access, and it is essential to see how these burgeoning
technologies (ICT) are fostering and bridging this massive gap of teaching and
learning and keeping pace with the rest of the part of the globe. ICT has rev-
olutionized almost every sphere of society. The education system is one of the
sectors that has also undergone a massive change with ICT incorporation. After
the arrival of the worldwide covid pandemic, the use of ICT in education has
increased extensively. This paper has performed a comparative analysis on ICT
usage by the students and teachers of engineering institutions in pre-covid age and
post-covid age. The survey method of data collection has been used in this research
work. Analysis of results has revealed that the usage of ICT by the students and
teachers has been significantly increased after the arrival of covid. Moreover, the
presented work has highlighted the issues raised by the students and teachers in
the post-covid time.

Keywords: ICT · Usage · Pre-covid · Post-covid

1 Introduction

ICT (information and communication technologies) is a “diverse set of technological
tools and resources used to communicate, and to create, disseminate, store, and manage
information.” These technologies include all the electronic devices used for commu-
nication like computers, the Internet, broadcasting technologies (radio and television),
and telephones.Information and communication technology (ICT) is the spine of the
education system [1]. Hundreds of years ago, a guru in the ashram was the only source
of education; only a few privileged ones get the opportunity to learn skills, and they
have to go far away from their homes to take education. There was no other alternative
to get an education. Slowly the pattern changed, and schools came into existence. The
books and the teacher take the onus of imparting knowledge. With the technological
advancements, the pace and the source of sharing knowledge bestow a different look to
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the education system. Technology and education go hand in hand and are very important
in developing the education system to the developed one [2].

Technology is one of the modes of education to optimize teaching and learning
methodologies in imparting knowledge. Integrating technology in teaching is not about
substituting a teacher [3]. Instead, technology helps teachers deliver the content effec-
tively, improving student learning and better teaching methods. ICT has revolutionized
almost every sphere of society [4]. The education system is one of the sectors that has
also undergone a massive change due to the rationales listed in Table 1 [5].

Table 1. Rationales affected by ICT.

Rationale Basis

Social The perceived role that technology now plays in society and the need for
familiarizing students with technology

Vocational Preparing students for jobs that require skills in technology

Catalytic Utility of technology to improve performance and effectiveness in teaching,
management, and many other social activities

Pedagogical To utilize technology in enhancing learning, flexibility, and efficiency in
curriculum

ICT can be applied in different areas of education, including library services,
administration, instructional system, course content delivery, enhancing communica-
tion, improving resource access, and facilitating research [6]. These major application
areas of ICT in the educational setting have been highlighted in Fig. 1. The educational
institutions are now recognizing the role of ICT in enhancing the various functionalities.

Fig. 1. Application areas of ICT in education.
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2 Methodology

In this paper, a comparative analysis of the usage of Information and Communication
Technology (ICT) in engineering education in the pre-covid and post-covid Era has been
made. This work aims to figure out the kind of transition in the teaching methodology
experienced in delivering educational content in engineering education. Teachers and
students are the primary stakeholders in educational institutions because these two stake-
holders are directly involved in teaching and learning. Therefore, analyzing ICT usage
in educational institutions requires the data to be collected directly from the students
and teachers. Therefore, in this research, the data has been obtained through the online
survey form from students and teachers of engineering education institutions. The survey
forms have been designed to cover all the aspects of ICT usage in education. The list of
questions that were asked from the teachers in the survey form are:

• What is your teaching experience?
• What is your area of Specialization?
• How much are you familiar with ICT?
• To what extent do you use ICT to collect and distribute learning material during your

course delivery?
• To what extent do you prepare presentations/ or create your digital learning material

for students to be used in class?
• To what extent does ICT usage in your course/subject increase student’s concentration

and enhance retention power?
• To what extent the usage of ICT facilitates achieving the objectives of your course?
• To what extent has ICT usage been helpful to students’ success in your course?
• Do you find it challenging to integrate ICT in your subject because of the lack of

infrastructure?
• To what extent do you update yourself with the latest developments in the fields of

ICT?
• Do you use any Learning Management System (LMS) in your institution?
• Have you ever undertaken subject-specific Training on ICT applications?

The list of questions that were asked from the students of undergraduate and
postgraduate programs in the survey form are listed below.

• To what extent are you familiar with ICT?
• To what extent do you like ICT?
• To what extent do you like learning with educational software, games, and quizzes?
• To what extent do you visit online communities or forums related to your study

subjects?
• Do you check the school website for announcements, dates, etc.?
• To what extent do your teachers use ICT during lectures?
• When ICT is incorporated in teaching and learning pedagogy, do you find your course

interesting?
• How often do you use e-books, online exercises, online quizzes, and online tests?
• Do you recommend the inclusion of ICT into your curriculum?
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ABSTRACT : COVID-19 is a global epidemic that has spread to over 170 nations. In practically all of the 
countries affected, the number of infected and death cases has been rising rapidly. Forecasting approaches 
can be implemented, resulting in the development of more effective strategies and the making of more 
informed judgments. These strategies examine historical data in order to make more accurate predictions 
about what will happen in the future. These forecasts could aid in preparing for potential risks and 
consequences. In order to create accurate findings, forecasting techniques are crucial. Forecasting strategies 
based on Big data analytics acquired from National databases (or) World Health Organization, as well as 
machine learning (or) data science techniques are classified in this study. This study shows the ability to 
predict the number of cases affected by COVID-19 as potential risk to mankind. 
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1. Introduction 

Machine learning (ML) has become a popular research subject 
in the previous decade, handling a variety of complex and 
sophisticated problems. ML algorithms often learn through trial 
and error, in contrast to traditional algorithms, which computer 
instructions based on decision statements such as if-else. 
Forecasting is one of the most important aspects of machine 
learning [1]. In this field, a variety of typical machine learning 
methods have been applied to direct future activities as shown 
in below Fig 1.  

 
Figure 1: Supervised Machine learning workflow 
 
The researchers' primary goals were to produce a study that 
could be beneficial for future decision-making models. 
Historical data is evaluated to gain perspective during the 
decision-making process. However, having access to data in 

such a short length of time is insufficient to build Artificial 
Intelligence (AI) models [12]. Time-series data requires AI 
models that can be effectively trained (During the early 
phases of an epidemic's spread, there is a scarcity of data). 
The time series analysis can help enhance forecasting 
efficiency. 

 

Time series analysis is a large field that has been used to solve 
a wide range of issues, from econometrics to earthquakes and 
weather forecasting. A time series is a collection of 
measurements taken at regular intervals over time. A time 
series might be yearly, quarterly, monthly, or weekly, 
depending on the frequency [3]. There are two ways in which 
Time-series differs from a traditional regression problem. 
The first is time-related; in linear regression analysis, 
variables are independent. However, in this case, they are 
dependent on time. Seasonality trends, on the other hand, are 
fluctuations that are specific to a given span of time [4].  

2. COVID (2019) OVERVIEW 

COVID-19 (Corona virus) is a novel virus that causes 
inflammation. The disease induces a respiratory illness (such 
as cold, cough, fever and difficulty breathing in more severe 
cases). 

Pandemics have posed a threat to the world on many 
occasions throughout history. ������ �	
������� ��	��� �	��
always had a massive influence on the entire world, and it has 
also flipped the roles. Corona virus (2019), the latest 
destructive outbreak, is currently sweeping the globe. Not 
only are economics collapsing, but so are the countries' entire 
strengths and morale. 
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The global effect of the novel corona virus (COVID-19) 
necessarily requires detailed forecasting of confirmed patients 
as well as analysis of death and recovery rates. Forecasting, on 
the other hand, needs a large amount of past data. At the same 
time, no prediction can be made with certainty because the 
future rarely repeats itself. This study details the timetable of a 
live forecasting exercise with significant implications for 
planning and decision-making, as well as objective projections 
for COVID-19 cases that have been confirmed[5]. The 
discovery of the disease and its categorization as a pandemic 
by the World Health Organization are important milestones [6] 
 

 

Figure 2: The Origins of the Corona virus 
 
As shown in above Fig 2,WHO is responsible for human 
disease planning and response, hence diseases in the 
International Classification of Diseases are formally named by 
WHO. On February 11, 2020, ICTV declared the new virus's 

	���	��������-CoV-2) Severe Acute Respiratory Syndrome 
c���
	� ����� ��� 	
�� ���� ������ ���!�� ��	!��� ��"	
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genetically linked to the corona virus that caused the SARS 
outbreak in 2003, it was given this name. The two viruses are 
related, but they are not the same. Corona viral infections 
(COVID-19) erupted in Wuhan, China, has rapidly expanded 
across the country [7]. 
COVID-19, SARC, PLAGUE, and other acquired diseases are 
examples. It signifies that diseases are transmitted by 
pathogenic agents (bacteria or virus or any micro-organism).To 
defend against the novel corona-virus, the WHO [8] 
recommends the following basic precautions. 
 

� Keep up to current on the COVID-19 outbreak by 
checking out WHO updates or your local and 
national public health authority. 

� Hand hygiene should be done on a regular basis, 
either with an alcohol-based hand massage. 

� Keep your hands away from your eyes, nose, and 
mouth. 

� Coughing or sneezing into a bent elbow or tissue, 
then discarding the tissue, is a good way to 
strengthen respiratory hygiene. 

� If you've breathing difficulties, put on a surgical 
mask and wash your hands carefully after removing 
it. 

� People who are experiencing respiratory problems 
have to maintain safe distance (about 2 m). 

� If you've a fever, a cough, or are having trouble 
breathing, visit a doctor. 

3. RELATED WORK 
 
In the academic literature, machine learning (ML) methods 
have been offered as time-series forecasting alternative 
solutions to statistical approaches. However, there is a 
scarcity of information about their respective performance 
and computational needs. Using a subset of (1045) monthly 
data sets from the M-?�%�������
J��������������������������
evaluate such performance over a variety of predicting 
horizons. When we compared the post sample accuracy of 8 
prominent algorithms of ML to that of 8 classic statistical 
methods, study discovered that the first consistently 
outperformed the latter across all accuracy measures and 
forecasting horizons. Furthermore, we discovered that they 
had far higher computational requirements than statistical 
approaches. The study describes the findings, explains why 
models of ML are less accurate than statistical models, and 
suggests some possible next steps. Our study's empirical 
findings underscore the need for unbiased and fair approaches 
to assess the efficacy of predicting methodologies, which can 
also be done via major, multinational events that allow for 
significant comparisons and conclusions. Artificial 
Intelligence (AI) has gained in popularity in recent years, 
thanks to various elevated applications in intelligent robotics, 
voice recognition, image recognition, legal, medical, social 
applications, and even defeating winners in games such as 
chess and cards. The success of AI is dependent upon its usage 
of techniques that can learn by experimentation and improve 
their ability over time, rather than the typical programming 
domain of coding directions based on reasoning, if then 
principles, and Decision Trees [1]. 

 
The study's purpose is to increase machine learning (ML) 
algorithms' interoperability with Internet Of Things (IoT) 
technology in engaging with  public and its surroundings in 
order to reduce COVID-19.Furthermore, the research looks at 
and examines different solution frameworks that use machine 
learning techniques to generate, capture, store, and analyze 
data. These algorithms can detect, prevent, and trace the 
transmission of COVID-19 in smart cities, as well as provide 
a better understanding of the virus. Similarly, the report 
highlighted case studies on the use of ML in hospitals around 
the world to aid in the fight against COVID-19. The research 
offers a thorough examination of the primary components 
required for integrating machine learning with other AI-based 
solutions. As shown in below Fig 3 and Fig 4, The study's 
framework provides a complete overview of the essential 
components required for integrating machine learning with 
other AI-based solutions [9] . 
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Figure 3 : Application and workflow of ML and other sub-
sections of AI in tackling corona virus 
 
The information and communication technology equipment 
incorporated in smart cities generates a variety of data kinds. 
The first type of data is statistical data, which often includes 
daily statistics such as the number of recognised cases, positive 
cases, deaths, and recovered cases. The second sort of data is 
epidemiological data, which mostly consists of all clinical test 
results for various medications, various drug trials, the patient's 
medical history, the patient's response to various medications, 
and so on. The third form of data is real-time surveillance data 
created by smart city sensors and cameras. Fever is one of the 
first symptoms of COVID-19 that can be detected. People's 
body temperatures and other personal information are 
examples of data that can help stop the spread of COVID-19 
[9]. 
 
The (MLP) multi_layer perceptron is a fully-linked, (ANN) 
artificial neural network made up of layers of neuron like 
processing units feed forwarded. MLP is used for producing 
high quality models and also requiring less training period than 
more sophisticated approaches. Hyper parameters (Example: 
The learning rate for training a neural network) are settings that 
specify the ANN model's architecture. Correct hyper parameter 
settings are critical for producing a high-quality model. The 
grid search technique was used to find the optimal 
hyperparameter combination. A multi_layer perceptron (MLP) 
artificial neural network (ANN) is trained using a time series 
data source that is turned into a regression data source. The goal 
of training is to create a global model that includes the 
maximum patients from all locations in each time unit. With a 
total of 5376 hyperparameter combinations, the MLP's 
hyperparameters are modified using a grid-search technique. 
ANNs 48384 are trained using these combinations, and each 
model is evaluated using the determination coefficient (Zlantan 
Car, 2020) When cross-validation is used, the scores for 
confirmed, recovered, and deceased patient models drop to 
0.94, 0.781, and 0.986, respectively. The deceased patient 
model has a high level of robustness, whereas the confirmed 
patient model has a decent level of robustness and the 
recovered patient model has a low level of robustness [10]. 

 

Figure 4 : Modeling the spread of covid-19 using MLP 
 
The major proceedings of this paper: Comparison of the ML 
forecasting techniques accuracy with normal statistical ones. 
As highlighted in the Table 1 comparison in their study the 
performance of eight families of the ML model regarding 
their accuracy: 1)  (MLP) Multi_Layer Perceptron 2) (BNN) 
Bayesian Neural Network 3) (RBF) Radial Basis Function 4) 
(GRNN) Generalized Regression Neural Networks 5) (KNN) 
K-Nearest Neighbor regression 6) (CART) Classification and 
Regression tree 7) (SVR) Support Vector Regression, and 8) 
(GP) Gaussian Processes. The sMAPE (Symmetric Mean 
Absolute Percentage Error) a
�������
"��X�������Y\����������
can be represented in Table 1. From the Observation, the MLP 
got the highest accuracy, then after the BNN and the GP. The 
remaining methods' sMAPE is in the double digits, indicating 
a significant variation in accuracy. Investigating the grounds 
for the variations in performance among the different ML 
approaches and developing guidelines for picking the most 
appropriate one for new sorts of forecasting applications 
would be of significant research value. [11]. 
 
Table 1 Predicting Accuracy of ML methods (sMAPE) 
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been reported worldwide, to date, 29,891 deaths have been 
confirmed. Figure 5 shows the statistics broken down by 
region. The following are the Regions: The Western Pacific 
Region, the European Region, the South_East Asian Region, 
the Eastern Mediterranean Region, the American Region, and 
the African Region are all part of the Western Pacific Region. 
China, France, Spain, Italy and the United States are among the 
heavily impacted regions. 

 
Figure 5: Regional wise Statistics 
These figures are from a WHO report published March 29, 
2020 [12]. This pandemic is keep expanding throughout all 
regions, as evidenced by the figure. Prediction can be 
accomplished using a variety of approaches from the fields of 
statistics, data science, machine learning, and artificial 
intelligence [12]. 
 

4. ANALYSIS 
 
Forecasting has been done in the research using a variety of 
forecasting methodologies and data sources. To understand 
existing forecasting models for better analysis 
 
 
 
 
 

4.1 Data Science/Machine Learning 
Techniques 

Table 2Analysis of Covid (2019) prediction on ML 
Techniques or Data Science 
 

 
 
Due to their precision, ML techniques are now utilized for 
forecasting all over the world. However, there are a few 
limitations to the use of machine learning (ML) approaches 
because there's very little data accessible. The optimal 
parameter selection and selecting models of ML are two 
issues involved in training a model for forecasting. 
Researchers made predictions based on publicly accessible 
datasets and utilised the best machine learning model for each 
dataset [13, 14,15,16,17]. To determine rates of infection in 
Italy and China, [18] Research proposed a model based on the 
Logistic-equation, Weibull-equation, and the Hill-equation. 
Data analysis is conducted in this study to determine the 
environmental factors impact on the spread of COVID (2019). 
This model focused on three environmental factors: relative 
humidity, maximum environmental temperature, and wind 
speed. The results demonstrated that there is no correlation 
between COVID-19 spread and humidity or wind speed. The 
study [19] proposed a model that included a hybrid model, 
gradient boost trees, and logistic regression that used Medical 
data. The results of above models will aid in the development 
of management planning and the implementation of remedies 
in order to reduce the spread. Table 2 summarises the results 
of this research. 
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4.2 Big Data 

Table 3 Analysis of covid (2019) prediction on Big Data  

 

 
Researchers have forecasted using data from recognised 
national and international sources, according to the literature. 
Various methodologies, such as mathematical equations or 
machine learning algorithms, are used to analyse a large 
dataset. 
Research [20] has given decision-making systems based on 
the COVID-19 data collected from Johns Hopkins University 
for countries such as China, European countries,  Japan, 
Korea and North America. [21] Research used WHO COVID-
19 databases, Italian national data and Johns Hopkins data to 
forecast death rates. The impact of disease management 
actions and transportation limitations on the spread rate was 
described [22]. The study was based on a dataset obtained 
from the US-CDC (Centers for Disease Control and 
Prevention).  [23] Study has discussed the key tasks of 
Isolation in reducing COVID-19 dissemination rates. Table 3 
summaries the results of the literature review. 
 

5. CONCLUSION 
 
The spread and reproduction number should be predicted 
using a variety of datasets. For more accurate worldwide 
forecasting, the models described in the literature should be 
evaluated internationally. On similar considerations, several 
peaks must be considered in the model not just for short-term 
forecasting but also for forecasting the outbreak later in the 
year. 
 
We expect that by analysing multiple COVID-19 forecasting 
models, we will be able to better modify intervention 
measures and, more importantly, we will be able to reduce the 
pandemic's worrying effect. In this study many publications 
analysed are preprints, which means they are not subjected to 
rigorous review.  Though, given COVID-19's rapid global 
expansion, a detailed survey of comparison is urgently needed 
for the mankind. 
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Abstract— The latest destructive outbreak, Corona virus 
(2019), is rapidly sweeping the globe. Not only are economies 
deteriorating, but countries' entire strengths and confidence are 
as well. Machine learning forecasting strategies have 
demonstrated their importance to anticipate in outcomes of the 
perioperative period to improve the future decision-making 
actions. The machine learning algorithms have long been used in 
several applications which require the detection of adverse 
factors for a threat. Forecasting techniques are essential for 
producing accurate results. This study shows the ability to 
predict the number of cases affected by COVID-19 as potential 
risk to mankind. In this analysis, four prediction algorithms have 
been used which are linear regression (LR), Exponential 
Smoothing (ES), least absolute shrinkage and selection operator 
(LASSO) and support vector machine (SVM). Each of these 
models has three different kinds of predictions, such as the newly 
infected patients, death cases and the recovery cases in the next 
ten days. These approaches are better used to forecast the covid-
19 pandemic, as shown by the findings of analysis. The ES, that is 
effective in forecasting new corona cases, death cases and 
recovery cases. 

Keywords—Pandemic, COVID-19, Corona virus, R2 Score 
Adjusted, Exponential Smoothing, Machine Learning Supervised. 

I.  INTRODUCTION  

 In the last decade, machine learning (ML) has become 
a popular area of study for a variety of complicated and 
advanced challenges. In contrast to the traditional algorithms, 
which use decision statements such as if-else, ML 
Algorithms/Techniques frequently learn by trial - and - error. 
One of the most essential components of machine learning is 
forecasting. A range of widely used ML algorithms have been 
used to influence future activities in this subject [1]. 

 The global impact of the novel (corona virus) 
COVID-19 needs precise patient predictions along with 
mortality and recovery rates research. Prediction, on either 
way, needs very huge portion of historical information. At the 
similar period, no prediction can be made with certainty 
because the future rarely repeats itself. This study puts out the 
timeline for a practical forecasting activity with major 
consequences for planning and decision-making, as well as 
objective estimates for confirmed COVID-19 instances. 

The following are some of the study's significant findings: 
• When the period dataset includes a small quantity of data, ES 

works well. 

• Distinct machine learning algorithms appear better at 

predicting different classes. 
• Most machine learning algorithms require a large quantity of 
data to forecast the future; as the dataset grows larger, the 
model's efficiency increases. 
• For decision-makers battling pandemics like COVID-19, ML 
model-based prediction could be quite valuable. 

 The rest of overall work is broken down into 6 pieces. 
The introduction is offered in Part I, followed by a description 
of the dataset and methods used in this work in Part II. Part III 
presents the proposed approach, Part IV discusses the results, 
and Part V summarises the work and provides the conclusion. 

A. Covid 2019 

 On February 11, 2020, the novel disease has been 
labeled "(SARS-CoV-2) Severe Acute Respiratory Syndrome 
Corona Virus 2" by ICTV, and "Corona Virus"(Covid-19) by 
the (World Health Organization) WHO. This pathogen was 
given this name because it is genetically linked to the corona 
virus that caused the SARS outbreak in 2003. Although the two 
viruses are related, they are not similar. Corona viral infections 
(COVID-19) began in Wuhan, China, and also have progressed 
quickly throughout the country [2].  

 Prolonged body interaction, respiratory secretions, 
and contacting exposed items are the most common ways for 
the pathogen to circulate. One of most difficult element of its 
transmission is that an individual might be affected by the 
disease for days despite experiencing suffering. Nearly many 
areas are affected by it due to the causes of its spread and the 
danger it poses. Every country has declared full/ partial 
curfews. 

 With the commitment and cooperation of G20 
countries, WHO's worldwide aims are to help every country 
vaccinate at least 10% of its population by the end of this 
month, at least 40% by the end of the year, and 70% of the 
world's population by the middle of next year [3]. While 
adapting to their new human hosts, SARS-CoV-2, like some of 
the other RNA virus, is susceptible to biological transformation 
with the formation of mutations over time, resulting in 
mutation variants with different features than their parental 
types. Several SARS-CoV-2 variations have now been 
identified during the pandemic, however only a fraction are 
classified variants of concerns by the WHO due to their 
worldwide public health impact.  
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B. Covid-19 Varinats and Vaccination 

  The world is in the grip of a COVID pandemic 
(2019). While the World Health Organization (WHO) and its 
partners fight to contain the epidemic, advise on critical 
treatments, and distribute critical healthcare supplies to 
individuals in need, they're also working to develop and deploy 
safe and effective vaccines. 

 Every year, vaccines save thousands of lives.COVID-19 
vaccinations are effective and safe in preventing individuals 
from becoming dead or dying (In addition to social distancing, 
maintaining mask and sanitizing). Gamaleya: Sputnik V, 
Bharat Biotech: Covaxin and covisheild vaccines are used 
mostly in India. WHO has approved 7 vaccines for use, type of 
vaccine details can be found at 
"https://covid19.trackvaccines.org/types -of-vaccines/".’NRVV’ 
stands for Non Replicating Viral Vector, RNA, and full 
form stands for ribonucleic acid [4]. 

Table I-1 WHO  approved vaccines. 

 
According to the WHO's most current epidemiological update, 
four SARS-CoV-2 VOCs (Variants of Concerns) have been 
discovered since the beginning of the pandemic as of June 22, 
2021 [13]: 
1) Alpha [B.1.1.7]: In late December 2020, the United 
Kingdom (UK) reported the first variant        of concern.  
2) Beta [B.1.351]: first December 2020, South Africa reported 
the first version of concern. 
3)  Gamma [P.1]: In early January 2021, Brazil reported the 
first variant of concern. 

4)  Delta [B.1.617.2]: In December 2020, India reported the 
first variant of concern. 

C. Related Work:  

In the academic literature, machine learning (ML) methods 
have been offered as alternatives to statistical methods for time 
series forecasting. The goal of this research is to assess such 
performance over a variety of forecasting horizons using a 
subset of 1045 monthly data series from the M3 Competition. 
When we compared the post-sample accuracy of eight 
prominent ML algorithms to that of eight classic statistical 
methods, we discovered that the former consistently 
outperformed the latter across all accuracy measures and 
forecasting horizons. The study describes the findings, explains 
why ML models are less accurate than statistical models, and 
suggests some possible next steps. The empirical findings of 
our study highlight the necessity for objective and unbiased 
techniques to evaluate the effectiveness of forecasting 
methodologies, which can be accomplished through large, 
international events that allow for meaningful comparisons and 
conclusions [1]. 

The goal of this research paper is to provide a complete 
overview of the epidemiology, pathogenesis, patient 
characteristics, etiology, tools of diagnostics, and the most 
recent new medications for COVID-19 treatment. This paper 
also includes a brief description of the many SARS-CoV-2 
mutations and the efficacy of several existing vaccines for 
COVID-19 and its mutations prevention [13]. 

In this article, researchers used time series models to create 
statistical projections for confirmed COVID-19 cases and 
examined the trend of recovered cases. Exponential smoothing 
model with multiplication error and multiplication trend 
components was employed in the methodology. In the case of 
significant, negative tilted estimates, persistent prediction 
deviations should be linked to modifications in observable 
trends but also the demand for extra measures and actions  [16]. 

 Scholars used currently accessible datasets to make 
predictions and used the optimal machine learning model for 
each dataset [5, 6, 7, 8, and 9]. In order to evaluate 
transmission levels in Italy and China, the Weibull-equation, 
Hill-equation, and Logistic-equation were used to develop a 
model [10]. This study uses statistical research to explore the 
impact of ecological elements upon that spreading disease 
COVID -2019. 3 ecological specifications were included in this 
model, wind speed, maximum temperature and relative 
humidity. COVID-19 spreading seems to have no association 
with temperature or weather rate, according to the findings. 
The study [11] suggested a model that employed patient 
records as well as contained a hybrid model, gradient boost 
trees, and logistic regression. The results of such 
abovementioned programs can assist throughout the design of 
administration plans for the execution of therapies  to help 
minimize the disease transmission. The findings of research are 
represented in Table 2. 

 

 

Vaccine  Codenamed 
Referred  

also as 
Type 

Approve

d 

Moderna mRNA-1273 Spikevax RNA 
71 

countries 

Pfizer/BioNTec

h 
BNT162b2 

Tozinamera

n, 

Comirnaty 

RNA 
98 

countries 

Johnson & 

Johnson 

Ad26.COV2.

S, 

Ad26COVS

1, JNJ-

78436735 

Janssen NRVV 
63 

countries 

Oxford/AstraZe

neca 
AZD1222 

Vaxzevria 

 

 

NRVV 
121 

countries 

Oxford/AstraZe

neca 

formulation(ser

um institute of 

India) 

AZD1222 Covishield NRVV 
45 

countries 

Sinopharm 

(Beijing) 

BBIBP-

CorV 
Covilo Inactivated 

64 

countries 

Sinovac CoronaVac __ inactivated 
40 

countries 
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Table 1 Covid-19 forecasting on Machine Learning 
Models. 

Wor
k ref. 

Studi
ed 
regio
ns 

Data 
source 

Parameters Remark 

[5] China Minimal 
data source 

Feedback 
Corrections of 
models 

Predicting 
Expected 
statistics of 
Corona 
Virus 

[6] China Chinese 
Center for 
Disease 
Control and 
Prevention 

The expenses of 
therapy and 
isolation, the 
expected number 
of candidates, 
and the number 
of identified 
COVID-19 cases 

Guideline 
towards 
choosing a 
decision 

[7] China WHO Death toll on a 
daily basis 

Prediction 
of death toll 

[8] 102 
count
ries 

WHO The quantity of 
treatment and 
the time needed 
to begin the 
therapy. 

The 
effect of 
citizen 
prevention 
strategies 
on the wide 
impact of a 
disease 

[9] China 2003 SARS 
Data 

Death Toll Prediction 
of death toll 

[10] Europ
ean 
Count
ries 
and 
China 

WHO Degree of 
transmission 

Forecasting 
the degree 
of 
transmissio
n 

[11] Gl
obal 
Data 

Internation
al 
Classificati
on of 
Diseases 

Preexisting 
health 
issues(Blood 
Pressure & 
Sugar) 

Identify the 
people who 
are the most 
vulnerable. 

The study's main aim  to improve the inter - operability of 
machine learning algorithms with Internet of things (IOT 
) when engaging among the community as well as their 
environments to minimize COVID (2019). The study looks at 
various architectures for generating, capturing, storing, and 
analysing the data using ml techniques. These algorithms can 
help recognize, inhibit, and track COVID-19 spread in smart 
areas, along with give researchers a better knowledge about the 
infection. Additionally, analyses mostly on application of 
machine learning at health care facilities to support mostly in 
combat over COVID (2019) were featured in the paper. The 
study takes a close look at the key components that go into 

merging machine learning with other AI-based solutions. The 
part of this analysis contains a broad outline into the aspects 
needed to integrate ml algorithms with alternative Intelligence 
systems. Smart cities' technology as well as information 
technology infrastructure creates a wide range of data types. 
The statistical data (1) frequently contains daily statistics such 
as the amount of confirmed rates, positive rates, deaths, and 
healed rates. The epidemiological data (2)  includes 
predominantly every diagnostic medical report for prescription 
meds, clinical studies, the personal health background, and the 
person's sensitivity to different prescription drugs, among other 
things. The data generated by smart city sensors and cameras in 
real-time surveillance (3). High Temperature is often early 
COVID-19 indications to be detected [21]. 

The multilayer perceptron (MLP) is a feed-forward 
artificial neural network (ANN) composed of layers of neurons 
that is fully coupled. MLP is also known for developing high-
quality models with less training time than more advanced 
techniques. Hyper parameters (for example, the learning rate 
for training a neural network) are parameters that define the 
architecture of an ANN model. For a slightly elevated model, 
the max parametric choices should be accurate. To discover the 
ideal hyper - parameter combo, the grid search procedure has 
been developed. A time-series data source is converted into a 
regression data source to train a multilayer perceptron MLP of 
artificial neural network (ANN). The purpose of training is to 
develop a global model that contains as many patients as 
possible from all locations in each time unit. The robustness of 
the deceased patient model is strong, whereas that of the 
confirmed patient model is average, and when recovered 
patient scenario is weak. The MLP is the most accurate 
machine learning approach, followed by the Bayesian Neural 
Network (BNN) and Gaussian Processes (GP). The alternative 
approaches' sMAPE is not in the single digits, signifying a 
major variation in accuracy. [22]. 

Using COVID (2019) lung x-rays and the (HOG) 
histogram oriented gradients feature based methodology, 
researchers have developed an efficient classification 
technique for reliably detecting COVID (2019) virus strains. It 
achieves high outcomes via utilising precise COVID (2019) 
new disease classification relating to medical scans. Further, 
the efficiency of the Convolution Neural Network (CNN) 
classification method for healthcare images has also evaluated 
using several edge based artificial networks. The efficiency of 
final classification using decreases as the amount of classes in 
the trained network increases. Finally, a 10 fold cross -
validation analysis with confusion metrics was performed to 
detect various conditions such as lung infection. Transfer 
learning obtained a third classification performance of 85 
percent, which included healthy, COVID (2019) positive, and 
Lung Inflammation [23]. 

To estimate the overall number of COVID (2019) cases at 
the county division throughout the United States, researchers 
created the neural recurrent models built on Long Short 
Memory LSTM. Our algorithm takes the demography of the 
counties, while also prior daily sociocultural interaction and 
COVID (2019) records, and estimates the total number of 
COVID-19 instances in 2 weeks. When tested on the 

Proceedings of the Fifth International Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-SMAC)
DVD Part Number: CFP21OSV-DVD; ISBN: 978-1-6654-2641-1

978-1-6654-2642-8/21/$31.00 ©2021 IEEE 480



timeframe beginning August 1, 2020, till January 22, 2021, 
this analysis generated a positive correlation between actual 
and predicted values [24]. 

II. METHODS & MATERIALS 

A. Data Source 

This purpose of this study aim here is to predict how 
COVID19 will spread in the future, with an emphasis on the 
number of newly confirmed patients, mortality, and recoveries. 
Data  for this inquiry came from the GitHub Repository of the 
(CSSE) ‘Center for Systems Science & Engineering’, (JHU) 
‘Johns Hopkins University ‘[12]. The ESRI Living Atlas Team 
assisted the university in making the repository accessible for 
the 2019 New Corona virus graphical dashboards. On the Git-
Hub Repository, Data source records may be located in the 
(csse covid 20 19 time - series data) Supervised Machine 
Learning Models. 

B.  Supervised ML Models 

When given an unexpected inputs occurrence, then 
supervised machine learning model is developed to generate a 
forecast. When develop the regression model, the training 
process takes a dataset with incoming occurrences and their 
matching regressor. After that, the training classifier provides a 
forecast using the unexpected source information or testing 
data source [14]. For the building of prediction models, this 
learning method might utilize regression algorithms and 
classification methods. Therefore, research using COVID 
(2019) prediction, 4 regression algorithms were applied.    

1. Linear Regression: In machine learning, linear 
regression is the most often used statistical procedure for 
forecasting. A linear association between the dependent and 
relationship between the independent variable is determined 
through linear regression. 2 values ‘x’ and ‘y’ are employed in 
linear correlation analyses. Mathematical equations below 
represent the y-x connection, popularly called as regression. 

                                                                        
y = β0 + β1x + ε                                                                  (1) 

E(y) =  β0 + β1x           (2) 

Here, ε  represents error term (variability between y 
and x), β0 is the y-intercept and ß1 is the slope. 

For the goal of model training of the linear regression in the 
framework of machines research, a class label is defined in the 
input data set. The goal is to determine the best 0 (intercept) 
and 1 (coefficient) values to obtain optimal regression line. To 
ensure that this minimization solution is shown, the differential 
between the real values and the estimated values should be as 
little as possible [19]: 

Minimize
 

 
 ∑              

                             (3) 

g = 
 

 
 ∑              

             (4)  

 

Cost-function (g) is the root mean squared error of the 
estimated value of’ ‘y’ (predi) and real value of ‘y’ (yi), and n 

represents set of sample units. 

 2. Least Absolute Shrinkage & Selecton Operator:’LASSO’ 

is a sort of shrinkage-based regression model. Data variables 
are shrunk towards a centralized location, such as the mean, in 
shrinkage. Simple, sparse modelling are encouraged by the 
lasso approach which having few parameters. As a result of the 
shrinking process, LASSO becomes better and more stable, as 
well as reducing error .This regression is ideal for modelling 
techniques with a lot of multi – co linearity (when two or more 
independent variables are highly correlated with one another in 
a regression model) as well as when we wish to automate 
elements of the modelling selection process, such as selection 
of variable or parameter removal. Lasso is a type of linear 
regression in which the model is penalised for the sum of the 
weights' actual values. Ridge goes a bit further and penalising 
the model for the weights' sum of squared values. Weights 
were divided more equally in groups. Lasso generally gives 
sparse weights and also most zeros due to L1 Regularization 
(15). During training, the objective function is changed to: 

∑     
   -∑          + alpha ∑     

 
           (5) 

Alpha (the coefficient) term refers to penalize weights. 

3. Exponential Smoothing: Forecasting is done using data 
from prior periods in the exponential smoothing family of 
approaches. As time passes, the influence of previous data 
observations diminishes exponentially. As a result, the weight 
allocated to various lag values decreases exponentially. ‘ES’ is 

a simple-to-use, reliable temporal periodic prediction technique 
using univariate data [16], [17]. The prediction for the present 
time (Ft) in Exponential Smoothing is as follows: 

Ft = βAt−1 + (1 − β) Ft−1        (6)  

Here 0 ≤ β ≤ 1, A t-1 represents actual value of the preceding 
period in the time-series, and Ft-1 represents predicted value of 
the prior forecast, smoothing cost is used. 

4. Support Vector Machine: SVM is a supervised ML 
technique that can be used to solve classification and regression 
problems (mainly). The value of each feature represents the 
value of a given position in the SVM algorithm, and each data 
item is displayed as a point in n-dimensional geometry (n being 
the quantity of attributes). Afterwards we locate the hyper-
plane that best separates the 2 groups to complete 
classification. The coordinates of a single observation are what 
vectors were. This SVM classification algorithm is a frontier 
which effectively separates this 2 classes (hyper-line or 
plane).When we have a large data set, it does not perform well 
because the needed training time is longer. 

C. Evaluation Parameters 

Time-series prediction models can be assessed using the 
following commonly used accuracy measurement functions: 

 MSE: Mean Square Error and the lower the MSE the 
better is the performance. 

 

 
∑            

           (7) 

 RMSE: square root version of MSE 
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√
 

 
∑            

            (8) 

 MAE: Mean Absolute Error is the difference between 
predicted and original value 

 

 
∑          

             (9) 

Here yi and yi
^ represent the real and estimated values, 

respectively. 

 R2Score: The degree of performance of a regression 
model is represented by R-squared, a statistical 
measure. For r-square, 1 is the optimal value.  The 
nearer the r - squared value is to 1, the higher the 
model fits. 

                        

             
             (10) 

III. METHODOLOGY 

 The dataset was separated into two subsets following 
the preliminary data pre-processing: a training set for training 
the models (85%) and a testing set for testing the models  
(15%).  

Figure 1 Proposed Workflow 

  

In this work, learning models such as LR, ES, LASSO, and 
SVM were applied. The new confirmed patients, recovery 
cases, and death rates were used to train the models [18]. The 
learning models were then assessed using essential metrics 
such the RMSE, MAE, R2 score, and MSE, and the findings 
were published. Figure 1 depicts detailed workflow. 

Table III-1 Sample Dataset 

Province/ 

State 
Country/Re
gion Lat Long 1/22/

20 
1/23/
20 

1/24/
20 

Queenslan
d Australia -27.46 153.02 0 0 0 

South 
Australia Australia -34.92 138.60 0 0 0 

Tasmania Australia -42.88 147.32 0 0 0 

Victoria Australia -37.81 144.96 0 0 0 

Western 
Australia Australia -31.95 115.86 0 0 0 

Attributes in Data Source contains State, Country, Latitude, 
Longitude and contains series of dates . Dataset having the 3 
folders (Recovery, death and Confirmed Cases) 

IV. RESULTS &  DISCUSSION 

Using ML approaches, this work seeks to construct 
effective technique towards predicting the future amount of 
persons infected by COVID (2019). The study's dataset 
provides day updates on the amount of newly infected patients, 
the rate of recoveries, and the rate of COVID-19-related 
mortality around the world. The world is in an unpleasant 
scenario as the death count and reported illnesses keep on 
rising. The amount of people that could be infected with 
COVID (2019) in various parts of the globe is unknown. For 
the following 10 days, the goal of this study is to estimate the 
number of people who will be affected in addition to newly 
infected cases and fatalities, as well as the number of expected 
recovery rates has all been predicted using 4 ML models: LR, 
ES, LASSO, , and SVM. 

Among all 4 algorithms Exponential Smoothing is giving 
best performance result and here SVM is taking much longer 
time for execution, so implementing 3 algorithms. In the 
dataset we have 3 files for death, recover and confirm cases. 

A.  Dataset (From January 2020 to November 2020)  

The first predicted timeframe (from 22/01/20 to 03/11/20) 
is used to display the results. Click on ‘Upload Covid-19 
Dataset’ button and upload entire dataset folder which contains 

3 files such as confirm, recover and death. Select ‘dataset’ 

folder and then click on ‘Select Folder’ to load dataset then 
dataset is loaded and now click on ‘Preprocess Dataset’ button 

to read data and then replace missing values with 0 and clean 
the dataset. 

Figure 2 Preprocessing

       

 In the screen we can see dataset is cleaned and here 
displaying few records from dataset and then displaying total 
death, recover and confirm cases and case comparison graph. 
Total cases found in this dataset are 76916 and total confirm 
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cases, Death cases and recovery cases are shown. First 5 
records of the dataset are displayed in above screen. 

Figure 3 Confirm cases forecasting using ES  

 

 Click ‘Run LR, LASSO & ES’ for confirmed cases button 

to get above graph. Graph displays forecasting where blue line 
refers to train data and yellow line refers to test data and this 
both train and test data we got from dataset and green line 
refers to forecast/predicted values for next 10 days. In above 
graph x-axis represents days and y-axis represents number of 
confirmed cases. 

Figure 4 Death cases forecasting using ES  

 

   Click ‘Run LR, LASSO & ES’ for death cases button to 

get above graph. In above graph x-axis represents days and y-
axis represents number of death cases. 

Figure 5 Recovery Cases forecasting using ES  

 

    Click ‘Run LR, LASSO & ES’ for Recovery cases 
button to get above graph. In above graph x-axis represents 
days and y-axis represents number of recovery cases. 

     Exponential Smoothing gives good performance among 
LR & Lasso. In above graph, green line represents recover 

forecast values. Now click on ‘Comparison Graph’ button to 

get below graph. 

Figure 6 Comparison Graph 

 

In above graph MAE, MSE is more for Linear Regression 
and Lasso but it got reduce for exponential smoothing. Now 
close above graph and then click on ‘View Comparison Table’ 

button to get below table. 

Table IV-1 Comparison Table 

        In above table, We can see MAE, MSE, RMSE and 
R2Sqaure values for each algorithm and  R2square value of 
Exponential has got highest values compare to other 2 
algorithms. 

4.2 Updated Dataset (From September 2020 to September 
2021) 

The Second predicted timeframe (from 01/09/20 to 
14/09/21) is used to display the results in updated dataset. 

Figure 7 Preprocessing for Updated Dataset 

 

     Total cases found in this dataset are 105741 and total 
confirm cases, Death cases and recovery cases are shown. First 
5 records of the dataset are displayed in above screen. 

Figure 8 Recovery Cases forecasting using ES for Updated 
Dataset 

 
Algorithm Name 

 

R2 
Score  MSE MAE RMSE 

Linear Regression 1.299 67649264400 54018 260094 

Lasso 1.299 67649263727 54018 260095 

Exponential 
Smoothing 95.61 14081501933 99360 118665 
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Click ‘Run LR, LASSO & ES’ for death cases button to get 

above graph. In above graph x-axis represents days and y-axis 
represents number of recovery cases. 

Table IV-2 Comparison Table for updated Dataset 

 For the updated Dataset, Also R2square value of 
Exponential has got highest values compare to other 2 
algorithms. 

Our research and projections were based on the belief that 
the data was correct. Here, R2 Score of ES for the updated 
dataset got less due to probable data flaws and inadequate of 
confirmed instances. As in previous Dataset, cases are 
increased exponentially so R2 Score of ES got 95.6%. 

V. CONCLUSION 

In this paper, Machine Learning based forecasting approach 
that assessing the risk of a universal COVID (2019) outbreak is 
suggested. This approach evaluates a data source including day 
wise real historical data and generates predictions for the 
coming days using ML techniques. The study's results show 
that ES performed the best in the existing prediction field, 
given the kind and size of the data Source. To a certain degree, 
LASSO and LR are also good at predicting number of deaths 
and confirming patients. The results of these two models 
predict that death rates in the upcoming period, prices will 
climb, although healing levels will stall. SVM produces 
unsatisfying outcomes in all circumstances due to the volatility 
in the dataset values. Creating an exact hyper-plane between 
the dataset's given values proved difficult. Generally, we find 
that model projections based on existing conditions are correct, 
and that they will prove informative in predicting future events. 
The study's forecasts can thus be extremely useful in assisting 
authorities in taking appropriate actions and making decisions 
in order to contain the COVID-19 catastrophe. Many of the 
papers included in this report were preprints, which indicate 
they were not subjected to formal assessment. Given COVID-
19's rapid worldwide spreading, a rigorous comparative survey 
is critically needed for humanity. 

This research will be improved over time; next, we want to 
investigate for prediction, use the most accurate and 
appropriate machine learning approaches while using the 
updated dataset. Online prediction will be a major focus of our 
future efforts. For predicting, use the most accurate and 
appropriate machine learning approaches while using the 
updated dataset. Online prediction will be a major focus of our 
future efforts.  
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review of the literature. As a result, there is no potential for a 
conflict of interest. 
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Abstract— Stock exchanges are an essential part of all global 

economies. Organizations can acquire capital this way to be able 

to perform their daily activities. By exchanging protection, 

securities, and values, stock intermediaries benefit from a market. 

Dealers, financial backers, and retailers can purchase and sell 
stocks once a company has been listed on the stock exchange. As 

of late, a great deal of work has been done to foresee the 

development of the stock market. Gauging the development of the 

financial exchange is acquiring force among different 

professionals, contributing networks, and followers as it gives 

better direction regard to contributing. Consistency is one of the 

main considerations on which, the benefit of exchanging stock 

and contributing is reliant. The benefits procured by speculation 

and exchanging the stock exchange rely upon the consistency of 

the stock, generally. On the off chance that any framework is 

created which can reliably foresee the patterns of the unique 

financial exchange, would make the proprietor of the framework 

wealthy. In addition, the anticipated patterns of the market will 

assist the controllers with taking remedial measures to balance out 

the market. Numerous master specialists and analysts have 

advanced a few models utilizing different specialized, principal, 

and scientific methods to give an expectation on the financial 

exchange design. During the most recent quite a while, a ton of 

studies have been done to predict stock exchange patterns utilizing 

Classical, AI, ML, and Deep learning methods. This study will 

help the pursuers and analysts in choosing algorithms that might 

be valuable for foreseeing the stock's performance. This survey of 

different algorithms and their boundaries for stock exchange 

prediction is included in this research. 

 

Keywords— AI, ML, Deep Learning, Stock Exchange 

I. INTRODUCTION  

The stock exchange plays a crucial part in the country's 

financial development just as the personal economy also. 

Figuring out the opportune chance to purchase and trade the 

stocks is subject to anticipating the patterns in the stock 

exchange. The procedure for the most precise expectation is 

to gain from past occurrences and plan a model to do this by 

utilizing conventional and AI algorithms [1]. The Stock 

exchange pattern differs because of a few factors like 

political, financial matters, climate, society, and so forth [2]. 
There are two sorts of stock examination. One is an essential 

examination, which requires investigation of the 

organization's nuts and bolts, for example, accounting report, 

costs and incomes, yearly returns, organization's profile, and 

position, and so on the other one is a specialized examination, 

which manages contemplating the insights produced by 

market exercises like verifiable information, past cost, and 

volume [3]. 

On the stock exchange, investors and stockholders can 

exchange the stocks of all organizations. With a limited focus 

time, this is an advantageous method of making a good 

income. Nevertheless, investors believe that it's exceptionally 

difficult to predict market prices. The costs are not only 

affected by monetary events and an organization's exhibition, 

however also by the brains of the people who put resources 
into the market. Currently, there are various factual methods 

for determining prices on securities exchanges. However, 

stock forecasts are difficult to achieve with common 

measurable strategies due to high instability and non-direct 

information relating to it.  

Nowadays, Artificial Intelligence (AI) methods are offering 

promising results in expectations regarding financial 

exchanges as a result of the current status of the foundation 

[4]. There are two theories that can be used to predict 

securities exchange development: (I) the Random Walk 

approach and (ii) the Efficient Market Hypothesis (EMH). In 

1970, FAMA recommended that EMH be constructed. It has 

been predicted by the EMH that the current market contains 

all the data it needs. As more information is accumulated, the 

market consumes it as well as getting its cost back. A 
financial backer cannot anticipate the stock market with some 

other method, it implies. A further division of EMH is frail 

EMH, semisolid EMH, and solid EMH. The weak EMH 

predicts the market based on previous verifiable information 

alone, the semi-solid EMH relies on chronicled information 

and publicly available data, and the solid EMH makes 

predictions based on information already recorded, public 

data, and other privately available data. Moreover, Random 

walk also states that current and chronicled stock costs, which 

are exceptionally unstable and independent of each other, 

cannot predict future stock costs. An alternative hypothesis, 
called Inefficient Market Hypothesis (IMH), holds that 

consistent showcases are not generally effective, as the stock 

price data alone does not provide sufficient information.  

The future development of stock costs can be analyzed by 
utilizing other components that IMH suggests. It is possible 

to predict the stock market in two different ways: (i) by 

studying its fundamentals, and (ii) by studying its technical 

indicators. Foreseeing the stock price of an organization 

requires a fundamental analysis, which utilizes more market 

information like annual reports, financial records, and 

reviewer's reports. Utilizing time arrangement graphs, the 

specialized analysis only uses recorded stock value 

information of the organization. It has been mentioned before 

that the stock market is a highly unpredictable and dynamic 

one, so it is possible to use the above-mentioned methods as 

a basis for trading. However, AI is evidence showing that it 
is capable of predicting stock market costs in recent weeks. 

Access to information and the development of algorithms 

have made this possible. A review of recent work in the field 
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of stock market forecasting is presented in this paper. A 

review of the strategies employed and outcomes achieved by 

each specialist has been conducted. This paper also attempts 

to address the gaps in their work. 

II. LITERATURE SURVEY 

In 2007, SUI Xue-shen et al., proposed a data 

mining technique using SVM algorithm in which feature 

selection can eliminate irrelevant or redundant attributes and 

increase the density of samples in feature spaces that can 

improve classification performance [4]. In this proposed 

framework they used two new co-efficient which is NDEM- 

neighborhood decision error and ND- neighbor dependence 

is used to calculate the complexity of classification in order 

to do feature selection. To estimate the complexity of the 

input data classification they followed four measures which 

is ASNN, ASH, ND, NDER and specified 15 technical 

indicators which contains features using the four selected 
features sets of four measures is used as input data for 

Support Vector Algorithm to predict the moving trend for the 

next five days. In this experiment they concluded that NDEM 

pick the minimal set of features and achieved 63.23% of 

accuracy and ASNN got 62.93%, ASH and ND got 60.75% 

accuracies [4]. 

 

In 2009, Qinghua Wen et al., presented an 

experiment of Artificial intelligence-based stock market 

trading system based on oscillation box prediction by 

combining support vector machines and box theory of stock 
investment [5]. The SVM algorithm which predicts the lower 

bound and upper bound of the candle sticks respectively. This 

trading system is based on candle system rule. To analyze the 

possibility, they tested the framework on regular stock 

developments and S&P 500 segments. The tests show a 

promising exhibition of the framework and it beats the 

purchase and holds procedure. After doing the procedure they 

came to a conclusion which is; there is a complexity of the 

movement of stock because of using prediction algorithms 

with the combination of single algorithm which makes the 

system fragile. They have achieved the prediction accuracy 

for the lower and upper circuits is SVM max 96.91% and 
SVM min 95.93% for 3 stocks when it comes to 50 stocks the 

success rate is gradually decreased which is SVM max 

56.29% and SVM min 46.28%. 

 

In 2009, Ling-Bing Tang et al., Proposed a Manifold 

Wavelet Support Vector Machine (MWSVM) to predict the 

future returns of the stock market. This manifold wavelet 

kernel is composed of manifold theory which incorporated 

with Wavelet technique which is in SVM. This Wavelet 

technique can give the features output which describes the 

stock market time series of various locations at different time 
series. This method can accurately find out the nonlinear 

function and predict the stock market returns accurately. They 

have analysed the prediction performance using the 1. 

Normalised Mean Square Error (NMSE), 2. Mean absolute 

error (MAE) and 3. Root Mean Square Error (RMSE). Ling et 

al., experimented the model on different datasets (DAXINDX, 

FTSE100, JAPDOWA and SPCOMP) [6] and achieved these 

results. 

 

 

Manifold Wavelet Kernel 

NMSE RMSE MAE 

1.3309 0.2565 0.1974 

0.8642 0.2412 0.1889 

0.9034 0.1868 0.1468 

0.8816 0.1818 0.1427 

0.9252 0.3005 0.2412 
 

Table 1: NMSE, RMSE, MAE Accuracies 

 

In 2010, A. S. M. Shihavuddin et al., [7] proposed a 

Naïve Bayes classifier to predict the stock price by analysing 
the local economic trends and online financial news. In their 

research they represented the datamining algorithms which is 

tested on the stock market data which holds the advantage to 

interpret the present and future stocks. Naïve Bayes classifier 

is used to train the previous data present on the website and 

also news articles on the internet. They trained the classifier 

using the dataset which is collected from April 2008 to 

October 2008 which is a total of 140 and 35 datasets from 

October 2008 to November 2008 and tested. They find the 

performance varied at different datasets: they achieved an 

accuracy of 58.62% at Test-1, 66.62% in Test-2, and 79.4% 
in Test-3 but after adding the heuristics they have achieved 

59.91% in Test-1, 79.12% in Test-2 and 87.22% in Test-3 [7]. 

 

In 2011, Hyun Joon Jung and J. K. Aggarwal from 

University of Texas at Austin come up with a Binary Stock 

Event Model (BSEM) for stock market prediction. A feature 

set is generated using this BSEM to forecast the future stock 

trend. The two learning models used in this method are Naive 

Bayes and Support Vector Machines. Predictions in this 

research are made based on binary classifications. As a result, 

a diagonal sum from the confusion matrix is used to compute 

the accuracy of prediction, which achieved 70% to 80% 
accuracy for the next day's stock trend on average, and it is 

observed that as the period increases, the accuracy falls as 

low as 55% [9]. This clearly demonstrates the benefits of 

BSEM features. Although the BSEM is showing 73*74 

outcomes versus 55%*57% for the features-based solution. 

There is a critical contrast between highlights and shadows as 

a result. According to BSEM [9], stock pattern events are 

strongly related to stock occasions. However, an asset value 

is merely an estimate based on a technical indicator that 

doesn't emphatically reflect an asset pattern. Testing the 

prediction model was done by backtesting the strategy they 
used to evaluate it earlier [9]. In addition to the creation of a 

BSEM, an important contribution is the development of a 

feature generator. Despite its expectations and back-testing, 

it performed well on a genuine dataset. Additionally, they 

suggest a few intriguing points: Bayesian Naive Classifiers 

have the advantage of high computational complexity, while 

SVM-based methodologies have advantages and 

disadvantages, such as high forecast accuracy and expensive 

computation. According to their research, significant 

exchanging techniques like moving averages and relative 

strength files do not guarantee exceptional market returns [8]. 
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In 2016, W. Lertyingyod and N. Benjamas proposed 

a method for predicting stock value expectations by reducing 

the number of features. The project proposes a novel 

information mining approach to determine stock costs. They 
rely on Thailand Stock Exchange for their work. With the 

Gain Ratio attribute and Wrapper Selection with Greedy 

stepwise pursuit technique, the features were determined 

using the Ranker Search and Ranker Attribute strategies. With 

the Wrapper Subset Evaluation with Greedy Algorithm, the 

ascribes were reduced from 14 to 6 (57.14%). Results of this 

study showed that the predictive model for week by week (5 

to 10 days) stock value forecasting improved using Artificial 

Neural Networks and reached the highest accurate prediction 

of 93.89% using just six selected bonds [9]. 

 

In this research, M. R. Vargas et al., in 2018 used deep 
learning models to forecast a stock value utilizing financial 

news titles and specialized pointers as information. Two 

distinct, specialized markers are compared, set-1: stochastic 

(K%), rate of change, momentum, accumulation/distribution 

(A/D) oscillator, and dispersion 5, stochastic %D, Williams 

(R%). The second set consists of Moving Average 

Convergence-Divergence, Exponential Moving Average, On 

Balance Volume, Relative Strength Index, and Bollinger 

Bands. Using deep learning techniques, the information can 

be sorted out and examined in a complex way, allowing for 

more accurate conversion. Researchers have demonstrated 
that Convolutional Neural Networks (CNN) can be better at 

getting semantic information from writings than Recurrent 

Neural Networks (RNN), an RNN is better at retrieving 

setting information and displaying complex attributes for 

securities exchange determining. In this paper, we examine 

two models: a crossover model using CNN for the monetary 

news and Long Short-Term Memory (LSTM) for markers, 

called SI-RCNN, and an LSTM network designed for 

pointers only, known as I-RNN. When a model predicts that 

it will rise in cost a trade specialist purchases stock, sells it 

the following day, and then buys it on the following day when 

the model forecasts that it will decrease. The specialist buys 
stock on the current day and sells it the following day. The 

proposed strategy shows a significant part of monetary news 

in settling the outcomes and practically no improvement 

when looking at changed arrangements of specialized 

pointers  [10]. 

Model 
Training ACC 

(%) 
Validation ACC 

(%) 

Test 
ACC 
(%) 

I-RNN 55.22 55.97 52.52 

SI-RCNN 84.08 60.45 56.84 

I-RNN-2 59.08 50.74 48.92 

SI-RCNN-
2 

88.31 61.19 51.08 

 
Table 2: Multiple Accuracies 

In 2018, D Soni et al., proposed a Optimised 

prediction model for stock market trend analysis. The primary 

objective of this research is to apply the basic understanding 
of analysing the stock market trend using machine learning 

techniques which are Naïve bayes, Decision tree, PSO, Black 

Hole techniques [11]. Initially the bifurcated share market data 

into test and train datasets and calculates the absolute values 

of change in stock price overt the time interval and mean value 

of it. Likewise, they set up a grid wherein if the estimation of 

offer cost increments on a specific day regarding the past one 
they denoted that field in the lattice as 1 in any case assuming 

the offer value falls, the field is set apart as 0. Likewise, each 

line of the network compares to the day number. Later they 

tally the quantity of 1s and 0s in the readied framework. On 

the off chance that the quantity of 1s is more than the number 

of 0s, we group the share as a decent share else it would be 

assigned as a terrible share. After that they arranged a forecast 

framework and appointed it the qualities 1 or 0 as per the 

expectation and named as y. In the event that it is a decent 

offer, the estimation of the offer cost is expanded by the 

change determined before and the main line of the recently 

made forecast network is set apart as 1. Something else, 
assuming the offer is a terrible offer, the worth is diminished 

and correspondingly the primary column of the expectation 

framework is set apart as 0. Later again arranged a 

comparative network for the testing set too as far as 1s and 0s 

based on genuine ascent and fall in the cost of an offer and 

named as x. after that the following arrangement of days for 

forecast and would rehash the accompanying strides for each 

expectation from this time forward. This proposed model with 

the same dataset and tested it on a number of conditions. The 

results were obtained and the accuracy of this model is as 

follows [11]. 
 

S. No 1 2 3 4 5 
Algorith

m 
Black 
Hole PSO 

Decisio
n Tree 

Naive 
Bayes 

Proposed 
Model 

Mean 
Accuracy 95.1 

83.
57 81.16 85.56 96.60 

 
Table 3: Algorithm Accuracy 

In 2018, Lyhyaoui et al., developed a stock forecasting model 

for the Casablanca stock exchange (CSE). Africa's CSE stock 

market is among the largest and most established in the 

world. It is additionally one of the most unpredictable stock 

trades, which can leave the financial backers with either great 
gains or enormous losses. In association with a model, the 

creators had predicted market developments for five 

Moroccan banks. There will be significant boundaries that 

will affect a stock value a great deal and plenty of variables 

may influence this. (I) Dimensionality decreases. Taking 

away dimensions will create a distinct boundary and it will 

simplify preparing a model because less measurement will be 

required. The paper uses a Kinetic Principal Component 

Analysis (KPCA). As a result, 23 informational boundaries 

have been identified. During the next stage, stock 

expectations are calculated using the Support Vector 
Machine (SVR). When using KPCA+SVR, the market 

forecast is more exact than when using SVR alone [12]. 

III. CONCLUSION 

This Survey paper presumes that benefits in the stock 

exchange may be amplifying through various methodologies 

and strategies, yet every strategy has its own benefits and 

restrictions. We have considered an assortment of strategies 
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or procedures for financial exchange expectation and infer 

that it is feasible to deliver another and cross strategy to 

estimate the forthcoming development of the offer market or 

to conjecture the monetary state of an organization through 

any of the talked technique or through various access 
methods. But on the other hand, it's crucial to plan according 

to the structure by which the framework can be augmented 

with precision and the exhibition with less computational 

confusion. All things considered, we accept that stock 

expectation is that best in class work and various components 

ought to be viewed as a lot of exactness and effectiveness to 

anticipate the market. 

 

Aurthor Algorithm Accuracy 

SUI Xue-

shen et al., 

ASNN, ASH, ND, 

NDER 

(SVM) 

62.93%, 

60.75%, 

63.23% 

Qinghua 

Wen et al., 

SVM Min and max 

for 3 stocks 

 

96.91% to 

95.93% 

Qinghua 

Wen et al., 

SVM Min and max 

for 50 stocks 

 

56.29% to 

46.28% 

Ling-Bing 

Tang et al., 

Manifold Wavelet 

Support Vector 

Machine (MWSVM) 

Test: 

1. 58.62% 

2. 66.62% 

3. 79.4% 

Ling-Bing 

Tang et al., 

Manifold Wavelet 

Support Vector 

Machine (MWSVM) 

With Heuristics 

Test: 

4. 59.91% 

5. 79.12% 

6. 87.22% 

Hyun Joon 

Jung and J. 

K. Aggarwal 

Binary Stock Event 

Model (BSEM) 

Using SVM 

70% to 80% 

W. 
Lertyingyod 

and N. 
Benjamas 

Wrapper Subset 

Evaluation with 

Greedy Algorithm 

(ANN) 

93.89% 

M. R. 
Vargas et 

al., 

I-RNN 
SI-RCNN 

I- RNN 

SI- RCNN 

52.52% 
56.84% 

48.92% 

51.08% 

D Soni et al., Naïve Bayes 

PSO 

Black Hole 

Decision 

RNN 

85.56% 

83.57% 

95.10% 

81.16% 

96.60% 
Table 1 Comparison Table 
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Abstract-Studies on lane detection Lane identification methods, integration, and evaluation strategies square 
measure all examined. The system integration approaches for building a lot of strong detection systems are then 
evaluated and analyzed, taking into account the inherent limits of camera-based lane detecting systems. Present 
deep learning approaches to lane detection are inherently CNN's semantic segmentation network the results of 
the segmentation of the roadways and the segmentation of the lane markers are fused using a fusion method. By 
manipulating a huge number of frames from a continuous driving environment, we examine lane detection, and 
we propose a hybrid deep architecture that combines the convolution neural network (CNN) and the continuous 
neural network (CNN) (RNN). Because of the extensive information background and the high cost of camera 
equipment, a substantial number of existing results concentrate on vision-based lane recognition systems. 
Extensive tests on two large-scale datasets show that the planned technique outperforms rivals' lane detection 
strategies, particularly in challenging settings. A CNN block in particular isolates information from each frame 
before sending the CNN choices of several continuous frames with time-series qualities to the RNN block for 
feature learning and lane prediction.  

1. Introduction 

The demand for transport has increased enormously 
over the last two decades. There are now more 
automobiles on the road, which sadly means that traffic 
accidents are on the rise. [2] Significant efforts have 
been made to improve driver safety education and the 
construction of an accident prevention system. [3] 
Machine vision systems are crucial in today's cars for 
improved driver assistance systems with safety 
features. As a result, scientists and engineers have 
developed a range of technologies that use machine 
vision to enable the autonomy of intelligent vehicles, 
such as Lane Departure Warning (LDW), Adaptive 
Cruise Control (ACC), and Lane Center, among others. 
In recent years, machine vision research for road 
vehicles has progressed dramatically, and lane border 
identification has been a hot topic. The automatic lane 
detector should be able to recognize straight and 
curved lane boundaries, as well as different lane 
markers (single or double, solid or broken) and 
pavement edges [7]. Their reported uses are restricted 
to tiny images. As the image size grows larger, 
processing time and memory costs increase rapidly, 
and random aligned disturbances become audible,  

 
attempts to apply HT to large-scale images are usually 
avoided. Engineering drawings, unfortunately, are 
frequently fairly large [8]. A visual apparatus that can 
differentiate numerous lanes on a highway is described 
in this paper. Initially, the system detected the center 
lane. On the assumption that the center lane markers 
were parallel to each other at the same interval and that 
the road was flat, the position of the adjacent lanes was 
determined in the top image by offsetting the central 
lane marks. [10]. 

Whereas a handmade choice produced by difficult 
way of fine standardization, the majority of lane 
recognition tactics utilize ancient laptop vision-based 
procedures. Such specialized alternatives operate in a 
controlled environment and do not appear to be 
powerful enough in complex driving scenarios, making 
them unsuitable for reasonable planning  A laptop 
vision technique developed using CNN has the ability 
to offer lane detection resolution that is both 
dependable and accurate. The performance of recent 
lane detection methods that incorporated CNN 
language segmentation was outstanding. Despite their 
high performance, CNN-based segmentation 
algorithms require post-processing and model fitting to 
produce final lane predictions [4]. The deep 
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convolution neural network (DCNN) is one of them, 
and it excels at image and video feature abstraction by 
analyzing input signals with multiple degrees of 
convolution. The deep recurrent neural network 
(DRNN) is good at data prediction for time-series 
signals because it recursively evaluates the signal by 
dividing it into sequential blocks and constructing full 
affiliation layers between them for status propagation. 
In terms of lane detection, the continuous driving scene 
photos appear to constitute time series that may be 
analyzed using DRNN. 

2. Methodology 

2.1 Machine Learning-Based Lane Detection 
Algorithms: 

[2] Some studies focus on lane marking detective work 
utilizing modern machine learning, while others use 
traditional image processing-based methods to discover 
lane markings. [7] For a range of road surface types, 
lane configurations, weather conditions, and noise, the 
precision and robustness of road-bound detection for 
an autonomous vehicle is a difficult task. To overcome 
these concerns while keeping the high accuracy 
advantage of RHT, adaptive RHT (Randomized Hough 
transform) is used, this is an effective technique to 
apply RHT [7]. Pre-processing, post-processing, and 
road lane modeling are the three stages of the lane 
recognition approach [2]. This section delves into the 
details of these stages, as well as the calculations that 
accompany them.  

2.1.1. Pre-processing Stage 

Because Canny Edge Detection only works with 
monochromatic pictures, the image is also transformed 
to grey scale. Image processing techniques such as 
erosion, dilation, and image smoothing are used to 
remove noise. 

2.1.2. The post-processing phase 

After the data has been analyzed, canny edge detection 
is performed. The smooth image's stage recognition 
feature recognizes lines and edges. 

2.1.3. Road Lane Modeling 

The most likely left and right lane markers are 
calculated using computation. In this calculation, the 
line parameters rho(T) and theta(d) are used. You can 
achieve an average result by grouping comparable lines 
together. 

2.2 Deep Learning Techniques: 

Deep learning techniques have become one of the most 
popular academic topics in the last decade as a result of 
discoveries in deep network theories, parallel 
computing technologies, and large-scale data [1]. 
Many deep learning techniques demonstrate significant 
improvements in computer vision tasks when 
compared to standard methods, with dramatically 
increased detection and identification efficiency. The 
convolution neural network is one of the most 
extensively utilized approaches for object recognition 
research (CNN). CNN has many advantages, including 
high detection precision, automated feature learning, 
and end-to-end recognition. Recently, some researchers 
were active in the application process. 

The two types of evaluation processes are offline 
performance evaluation and online real-time trust 
evaluation. LSTM could be an important component in 
deep learning because of its capacity to analyze 
temporal data. Convolutional LSTMs (ConvLSTMs) 
are a sort of LSTM that is equipped with convolution 
operations and has been widely used in video analysis 
due to their feedback mechanism on temporal 
dynamics and abstraction power on picture illustration. 
ConvLSTM can be used in a variety of ways as a basic 
construction component. ConvLSTM's area unit is 
extensively utilized in linguistics video segmentation 
for efficiently processing two-dimensional time-series 
data. The video segmentation problem was turned into 
a regression problem by using a ConvLSTM between 
the convolutional encoder and decoder to anticipate 
each frame. 

2.3 Image Processing Techniques: 

[2] For detecting left and right lane markers, this study 
provides a robust road lane marker identification 
technique. Canny edge detection and Hough Transform 
optimization are used in the method. Images from a 
front-facing vision sensor positioned behind the 
windscreen and facing the lane are used as data by the 
device.  

The left and right lane limitations are correctly 
shown on the original photo as a result of this 
technique. The Hough Transform yields a sequence of 
lines that characterize the situation as lane borders on 
the left and right. The average creates only one result 
by grouping all of the left lane boundaries into one 
category and all of the right lane boundaries into 
another. 

[3]The Fuzzy Noise Reduction Filter (FNRF) is the 
first sub-algorithm, and it removes noise and smooth’s 
down image sequences recorded by the camera. FNRF 
is used to increase the ROI's contrast level, which can 
help in lane detection. On a clear road, FNRF is 
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detected 99.2 percent of the time, but only 92.1 percent 
of the time on a dark road. The FNFR generates 
positive results by reducing noise and increasing 
detection rates by an average of 13.30 percent. 

2.4 Convolution Neural Networks Techniques:  

For autonomous driving, accurate lane identification is 
a must-have feature. For crucial roles like overtaking 
assistants and route planning, ego and side lane 
positional awareness are also necessary. We describe 
how to use a CNN-based regression technique to detect 
several lanes and classify them based on their position 
in this study. Our regression technique removes the 
significant constraint of precisely categorizing each 
pixel from CNN segmentation-based algorithms that 
produce dense pixel masks.  

In high contrast photos, UNet (64.5%) and Lane 
Net (65.7%), in particular, struggle to distinguish lane 
boundaries for mean intersection over union (MIOU). 
When the results of road and lane marker instance 
segmentation are combined, an area of ego-way, left 
and right adjacent lane is expected [5].  

The lane's outcome will be represented as a 
collection of pixels. 

When it comes to road segmentation, we can get 
consistent results. Multi-lane detection can be done by 
combining these two results. This technique appears to 
operate for a number of road settings, including 
unstructured roads with no markings, structured roads, 
and semi-structured roads with one to four lane lines, 
according to many testing. 

In addition, the results of the multi-task network's 
recognition of road and lane markings are cutting-edge. 
To obtain a quantitative evaluation result, an 
annotation of the lane class (ego-lane (88 percent), left 
(78 percent), and right adjacent lane (76 percent) is 
added to the test photos. 

The creation of the unique "video-based lane 
estimating and tracking" (VioLET) system [6] is 
motivated by these driver-assistance goals We’ll 
examine the current state of the art in track position 
recognition and tracking, as well as compare and 
contrast techniques.  

Large surveys of intelligent vehicles have looked at 
many of the lane position sensing techniques. While 
these publications are important for broad overviews of 
vision research for intelligent vehicles, they are only as 
detailed as they can be provided. By enabling the left 
and right boundaries to be merged, the assumption that 
the width of the road or lane is locally constant can 
considerably enhance performance. 

One is the deep convolutional neural network 
(DCNN), which processes input data using many levels 
of convolution and excels at feature abstraction for 
images and videos. 

The deep continuous neural network (DRNN) is 
capable of information prediction for time-series 
signals by recursively processing the signal by dividing 
it into sequential blocks and establishing full affiliation 
layers between them for status propagation. In terms of 
lane detection, continuous driving scene images appear 
to be a time series that may be handled using DRNN. 

3. Flow chart for lane detection  

 

Fig. 1. Flow chart 

4. Comparison  

Table 1. Comparison of the methods used 

Methods Algorithms Accuracy Reference 

Vision 
based 
lane 

detection
, Image 

processin
g

CNN, 
Hough 

transform 

90% Reference 
– [1] 

Image 
processin

g

Canny edge 
detection 

91.2% Reference 
– [2] 

Fuzzy 
Noise 

Reductio
n Filter 
(FNRF) 

Edge 
detection 

87% Reference 
– [3] 

Multilan
e

CNN 75% Reference 
– [4]

E3S Web of Conferences 309, 01117 (2021)
ICMED 2021

https://doi.org/10.1051/e3sconf/202130901117

3



detection 
Lane 

Marking 
detection 

RANSAC Ego 
lane 

88.02% 
Right 
lane 

76.28
% 

Left lane 
78.60% 

Reference 
– [5] 

Vide
o 

base
d lane 
detec
tion 
and 

tracki
ng 

(VIOLE
T) 

FNRF, 
CNN, and 

KNN 

92% Reference 
– [6] 

Machine 
learning 

(ML) 

Randomized 
Hough 

transform 

82% Reference– 
[7] 

Line 
Reco
gniti
on 

meth
od 

 

Hough 
transform 

82% Reference– 
[8] 

CNN-LD 
base lane 
detection

, ML 

CNN, 
Hough 

transform 

96% Reference– 
[9] 

GPS HT -ROI 70% Reference– 
[10]

5. Inferences 

So, by comparing all the methods and algorithms CNN 
is an environment friendly cognizance algorithm which 
is widely used in sample focus and image processing. 
It has many elements such as simple structure, less 
education parameters and adaptability. It has become a 
warm subject matter in voice analysis and image 
recognition. 

Hough transform can be used to realize lines and 
circles or different parametric curves [1]. 

Canny edge detection: the canny edge detector is an 
part detection operator that uses a multistage algorithm 
to notice a huge vary of edge in photographs [2].  

FNRF: Fuzzy filter is presented for the noise 
discount of pix corrupted with adaptive noise [3]. 

The RANSAC algorithm is a learning method to 
estimate parameters of a model via random sampling 
of observed data [5].  

KNN It makes use of data with countless training to 
predict the classification of the new sample point [6]. 

RHT is specific from HT in that it tries to keep 
away from conducting the computationally pricey vote 
casting process for each nonzero pixel in the photo by 
means of taking benefit of the geometric houses of 
analytical curves, and accordingly improve the 
time effectively and reduce the storage requirement of 
the authentic algorithm [7]. 

CNN, KNN, and RANSAC these are the most used 
algorithms in previous projects but KNN with large 
data the prediction stage might be slow, CNN has 
several layers so that the training process takes a lot of 
time if the system does not consist of a good GPU and 
RANSAC there are no upper bonds on the time it takes 
to compute any parameters and it computes limit 
number of solutions   whereas Hough transform and 
canny edge detection algorithms are giving good 
accuracy as per my survey and these algorithms can 
detect curves and edges in single and multilane clearly. 
So these are the algorithms to consider for my project 
can be used more practically. 

6. Conclusion 

In this survey it concludes that it gives the qualified 
analysis of the Robust and real-time multi-lane and 
single lane detection in Indian highway scenarios. 
Different types of lane detection are done based on 
different types of vehicles and road as in moving 
vehicles or video based. In each paper they are used 
different datasets and algorithms for the efficient 
accuracy. For more efficiency there must be well 
applied algorithm which must be correctly 
implemented along with the consider dataset. 
According to survey analysis Hough transform and 
canny edge detection are the best resulting algorithms.  
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Abstract:  In the Advanced Driver Assistance System (ADAS), lane detection plays a vital role to avoid road 
accidents of an Autonomous vehicle. Also, autonomous vehicles should be able to navigate by themselves, in-
order to do, it needs to understand its surrounding conditions like a human. So that vehicle can determine its path 
in streets and highways it can maintain lane manoeuvre. Also, It has become the most fundamental aspect to 
consider in current ADAS research. One of the major hurdles in self-driving vehicle research is identifying the 
curved lanes, multiple lanes with challenging light, and weather conditions, especially in Indian highway 
scenarios. As it is a vision-based lane detection approach we are using OpenCV library which consists of multiple 
algorithms like the optimization of canny edge detection to find out the edges, features of the lane and Hough 
Transform for lane line generation and apply on the particular region of interest. 

 

1 Introduction 

Traffic crashes are predominantly brought about by 
human missteps, for example, carelessness, misconduct, 
and interruption. The development of Advanced Driving 
Assistance Systems (ADAS) has the potential to 
drastically reduce car accidents and increase driving 
safety [1]. An enormous number of organizations and 
establishments have proposed strategies and procedures 
for the improvement of driving wellbeing and decrease 
of car crashes. Among these strategies, street 
discernment and path checking location assume an 
essential part in assisting drivers with evading botches. 
The path discovery is the establishment of many 
Advanced driver Assistance systems (ADASs), for 
example, the Lane Departure Warning Framework 
(LDWF) and the Lane Keeping Assistance framework 
(LKAF). Some fruitful ADAS or auto ventures, for 
example, Mobil eye, Tesla, and BMW, and so forth have 
built up their own path identification and path keeping 
Assistance systems and have acquired critical 
accomplishments in both exploration and certifiable 
applications. Both of the auto undertakings or the 
individual clients have  
 
acknowledged the Mobil eye Series ADAS items and 
Tesla Autopilot for self-driving. Practically the entirety 
of the current development path helps items use vision-

based procedures since the path markings are painted 
out and about for human visual discernment. The use of 
vision-based procedures recognizes paths from the 
camera gadgets and keeps the driver from making 
unintended path changes. . One of the most common  
Intersection crash modes are the left turn across path 
with a vehicle approaching from the opposite direction 
[2]. Accordingly, precision and heartiness are the two 
most significant properties for path location 
frameworks. Path recognition frameworks ought to have 
the ability to know about absurd identifications and 
change the location and following calculation likewise 
[3], [4]. At the point when a false caution happens, the 
ADAS should make the driver aware of the focus on the 
driving assignment. Then again, vehicles with elevated 
levels of computerization constantly screen their 
surroundings and ought to have the option to manage 
low-exactness discovery issues without help from 
anyone else. Thus, assessment of path identification 
frameworks turns out to be much more basic with the 
expanding automation of vehicles.  

Because of rising traffic levels and increasingly 
congested streets around the world, the demand for self-
driving vehicles has increased dramatically in recent 
years. As a result, an advanced driver aid framework for 
road safety should be developed, which either alerts the 
driver in dangerous situations or makes a driving 
manoeuvre. In the coming years, such frameworks will 
get increasingly complex in order to provide the vehicle 
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complete autonomy. Path and snag detection (i.e., things 
such as autos, motorcycles, walkers, and so on) 
detection are two key components in the expansion of 
such self-governing frameworks. 

Mostly vision-based lane detection frameworks are 
normally planned dependent on image processing 
procedures inside comparative structures. Many 
academics are currently working on intelligent vehicles 
in order to prevent road accidents and assure safe driving 
[8]. Path finding challenges can be solved more 
effectively using a start to finish identification 
technique, thanks to the advancement of quick 
registering devices and advanced AI hypotheses, such as 
profound learning. In any case, the basic test looked by 
path recognition frameworks is the interest for high 
unwavering quality and assorted working conditions. 
One proficient approach to build vigorous and exact 
progressed path identification frameworks is to meld 
multi-modular sensors and incorporate path location 
frameworks with other item discovery frameworks, for 
example, recognition by encompassing vehicles and 
street zone acknowledgment. It has been demonstrated 
that path recognition execution can be improved with 
these staggered incorporation strategies [3]. 
Notwithstanding, the profoundly precise sensors, for 
example, the light/laser detection and ranging 
(LIDAR/LADAR) are costly and not accessible in 
public transport. 

There are two sorts of vision-based techniques for 
path finding and following: highlight-based and model-
based procedures. We used element-based strategies for 
the path finding investigation in this study. Reduced 
permeability owing to inclement weather, line 
disconnection, lack of clarity in path markings, 
shadows, brightening, and light reflection, and complex 
street-based rules are all substantial obstacles to path 
discovery and calculation [9]. Various component-based 
approaches for path recognition and stamping have been 
offered to various academics [10-14]. In light of the 
focus point of extension to detect path markers, Otsuka 
developed multi-type path marker acknowledgement 
(MLR). Essentially, an insect province advancement 
(ACO) was established on shrewd for edge recognition 
and then further prepared by Hough change for 
Daigavane [11]. Other element-based approaches for 
path finding and following yield the shading data in the 
images [15�17]. Despite the fact that the computations 
described previously yielded fascinating findings, there 
are still issues about commotion, and these 
methodologies may not work well in testing climatic or 
light circumstances due to the clamour issue. As a result, 
many studies employed crossover motions that 
contained both a noise reduction channel and a path 
recognition calculation. To improve path recognition 
accuracy, several researchers have used a variety of 
image pre-processing techniques. These procedures 

include histogram adjustment [24], Canny edge finder 
[25], polyline extraction [26], bunching [27], 
smoothing, and spitting of a picture [28], and using a 
Gaussian low-pass channel to reduce turbulence [29]. A 
few fluffy channels have just been developed to reduce 
turbulence in the succession of images [18-23]. To 
manage the intricate Gaussian clamour in the image, 
Nachtegael has been given a fluffy channel for 
commotion reduction [19]. Schulte has developed a 
revolutionary fluffy-based wavelet shrinkage picture 
denoising computation for removing additional material 
Gaussian commotion from computerized greyscale 
images [20]. Kwan completed a research of four fluffy 
channels with standard middle and moving normal 
channels for various forms of commotions. 

This work is divided into five pieces, the first of 
which is the introduction. The system architecture is 
introduced in Section II. The Hough Transform is used 
to generate a road lane model in Section III. The 
installation of the system is addressed in Section IV. The 
experimental results are discussed in Section V, while 
the conclusions and future work are discussed in Section 
VI. 

2 Related work 

As a result of the fast growing intelligent automobile 
sector, researchers have taken a keen interest in 
advanced driver assistance systems (ADAS). One of the 
most difficult challenges for future driverless 
automobiles is detecting curving roadways, several 
lanes, and lanes with a lot of discontinuity and noise. 
The purpose of this research is to see how image 
processing techniques may be used in a computer vision 
application that focuses on lane recognition to improve 
traffic safety and comfort. Two different sub-algorithms 
make up the suggested algorithm. The Fuzzy Noise 
Reduction Filter (FNRF) is the first sub-algorithm, 
which reduces noise and �������� the sequences of 
images acquired by the camera. The second sub-
algorithm combines the Hough Transform (HT) 
technique with a competent zone of interest to recognize 
lanes in both normal and difficult situations. It is well 
recognized as a powerful tool for visual element 
extraction from images due to its broad vision and 
durability in noisy or degraded situations. Presents the 
details in a clean and unobtrusive manner without any 
unpleasant or unacceptable highlights. 

They suggested a CNN-based regression technique 
for identifying multiple lanes based on their position in 
previous articles. CNN semantic segmentation 
networks, which focus on precisely identifying each 
pixel and require post-processing operations to infer 
lane information, are deep learning algorithms for lane 
recognition. We discovered that our segmentation 
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method fails to distinguish between thin and extended 
lane boundaries, which occupy few pixels in the image 
and are frequently obscured by vehicles. 

Because ADAS share vehicle control authority with 
the human driver, smart vehicles and advanced driver 
assistance systems (ADAS) must be aware of the traffic 
situation as well as the driver state [3]. We only utilize 
two cameras, one at the front and one at the back of the 
car, when using cameras. After demonstrating that our 
approach gives more useful and less noisy information 
on lane markers [4], we'll move on to the next step. 
LDWS (lane departure warning system) is a system that 
alerts the motorist if the road markers are about to be 
surpassed, preventing accidents caused by unintended 
departure of the lane or leaving the highway [5], [6]. By 
this Real-�	�
�� 
�	������ 	��

��� ��
�
������
���	���

range" is an approximate translation. The word refers to 
the section of a measurement curve that is relevant. This 
area can then be analyzed statistically if desired [7].  

In recent years, several computer vision studies have 
been proposed in relation to lane detecting. For a long 
time, many institutions have been striving to develop an 
effective lane detection system [8]. Grey scaling reduces 
a three-channel (Red, Green, Blue) image to a single-
channel (monochromatic shades from black to white) 
image, with each pixel containing only the RGB image's 
intensity information [9]. To detect the left and right lane 
markings on the road, a powerful road lane marker 
identification method is needed. Compared the 
performance of canny edge detection with Sobel edge 
detection and found that canny's performance is superior 
to Sobel's [10]. Stereo vision is the depth information is 
collected from the discrepancies between two (or more) 
cameras (images). The matching v-disparity 
representation is calculated by adding all the points on a 
given image line that have the same disparity value. The 
related disparity representation is produced by 
aggregating the points with the same disparity value that 
occur on a given picture line, whereas disparity values 
correspond to the discrepancies between the right and 
left images [11].  

Non-lane information refers to images acquired from 
the road that contain a lot of worthless information such 
as the sky, trees, autos, buildings, and so on. To reduce 
the impact of non-lane information, the road is 
segmented using a normal map inferred from the stereo 
picture pair, based on the assumption that all pixels in 
the same plane have the same normal vector [13]. A 
method is described for finding a vanishing point in 
structured pictures. The method is based on the detection 
of line segments from an edge map using the long axis 
of extremely eccentric ellipses to represent clusters of 
edge points. The intersections of the extracted lines yield 
a collection of candidate vanishing points, which are 
given weights proportional to the lengths of the line 
segments they belong to. Then, using an accumulator 

array formed by gridding the image frame, a voting 
system is used. The -sigmoid kernel weights each grid 
cell's votes, allowing cells to contribute to their 
neighbors [14]. 

When single-frame picture data is processed, the 
output is a single-frame image with less information and 
more interference in the real-world road scene, such as 
shadows, stains, wear, and so on, which could lead to 
lane detection errors. A series of multi-frame 
photographs taken using a camera is used to record the 
lane feature information. The multi-frame lane 
information is matched and fused based on the 
unmanned vehicle's INS speed and angular speed 
information, maintaining the historical information of 
the road image obtained while travelling [15]. 

3 Proposed work 

Pre-processing, post-processing, and lane recognition 
are the three main components of this architecture. 
These components imitate human abilities to recognize 
street lanes by perceiving with the eyes, analyzing with 
the mind, and then providing an analyzed result. For 
various types of origination yield, such as impact 
evasion and lane departure, the "human-focused" canny 
vehicles will rely on technical resolution and costs. 

 

Fig. 1. General flowchart for Lane Detection on Images. 
 
As shown in Figures 5 and 6, a region of interest, a fuzzy 
noise reduction filter, segmentation, and the Hough 
transform are all part of the proposed technique. It is 
planned to apply the fuzzy noise reduction filter (FNRF) 
for image pre-processing. The first stage involves 
arranging the image and downsizing it to a low 
resolution of 255x255 pixels. The fuzzy noise reduction 
filter handles the information hued path picture layout in 
the next stage.  
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A grayscale picture sequence is formed after filtering 
the information hued path image layout. Grayscale 
values are standardized to the range [0, 1], with ones (1) 
representing edges (white pixels) and zeros (0) 
representing non-edges (dark pixels). The Hough 
change method is used to recognize and follow the path 
once the picture grouping has been thoroughly pre-
processed. The FNRF is used to reduce noise in the input 
image sequence and increase the difference level, 
especially in the ROI.  

 

  

Fig. 1. Raw Image. 
 

 

Fig. 2. Gray Scale Image. 

3.1. Fuzzy Noise Reduction Filter (FNRF) 

The purpose of this filter is to average the pixel values 
using the local pixel. Simultaneously, the picture 
sequence's borders and shadow segment distances are 
maintained to ensure that the picture sequences' basic 
design is not pulverised. The fundamental goal of the 
proposed filter is to discriminate between differences in 
the design of picture sequences, such as clamour-
induced edges. This filter differs from other 
conventional filters in that it uses participation capacity 
to determine the weights. The noisy information shading 
picture sequence is M(x, y, z), where z= 1, 2,3] for each 
pixel position of the red, green, and blue segments 
separately. Three components are utilized to 
characterize the tone at each pixel position in this 
fashion. 
 

 

Fig. 3. Noisy Image (Blur Image) 

 

Fig. 4. Flowchart of proposed algorithm 
 

The two semantic variables, little and vast, are 
designed to characterize the weights for the red, green, 
and blue components of the colour picture. A 
membership function usually referred to a set of 
ambiguous rules. Thus, triangular membership 
functions are utilized for the first three fuzzy principles, 
while Gaussian membership is employed for the 
remaining three fuzzy principles. The weight will be 
enormous if the distance between the two couples is 
little, and vice versa. To reduce noise in colour segment 
contrasts, these fuzzily defined rules are applied. By 
calculating the local fluctuations in the red, green, and 
blue climates independently, the targeted pixels nearest 
estimation can be established. 

3.2 Region of Interest (RoI)  
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In the computational uncertainty of lane recognition and 
tracking, the choice of an area of interest (ROI) is 
critical. As illustrated in Figure 2, a rectangular ROI is 
picked from the info image sequence and preserved for 
future lane recognition use on the left and right traffic 
lanes. The foundation part of the image (undesirable 
region of the image), which includes the region over the 
evaporating point, is removed using a disappearing point 
(VP) in the rectangular ROI (VP). The rectangular ROI 
contributes in the computing waste reduction of the 
proposed lane detecting and tracking algorithm. The 
lane detection technique is utilised in the designated 
region of interest to determine the lane limit in each case 
(ROI). 
 

 

Fig. 1. Rectangular Region of Interest (RoI). 

3.3 Region of Interest Segmentation 

The rectangular ROI is separated into two sub-regions, 
one on the right and one on the left, as illustrated in 
Figure 6. To improve execution in the next stage, we 
need to get a double picture with distinct edges out of 
this stage. The digits 1 and 0 denote the double image's 
edges (white pixels), whereas zeroes (0) signify non-
edges (dark pixels). Because the top section of the image 
is often erased from the VP, using a grayscale image and 
evaporating point (VP) saves time and improves 
execution, all things considered out of ROI. The lane 
detection is then carried out independently in each sub 
region using the Hough change algorithm (HT). The 
computational heap of the lane detecting algorithm is 
reduced by autonomously preparing the fragmented sub-
regions. Similarly, the ROI division measure allows for 
more accurate lane detection with a base time for each 
edge. 

3.4 Canny Edge Detection 

To define the image's margins, a strong contrast between 
the road surface and painted lines could be used. The 
position of lane boundaries can be determined using an 
edge detector. Canny edge detection algorithms are used 
to extract the edges from the basic grayscale pictures. 

The edges that are shorter than the specified threshold 
value are removed, and the remaining edges are gathered 
to form line segments. Figure 7 displays the final image, 
which has discernible edges and a little amount of noise. 
As demonstrated in the graph below, the Canny edge 
detector CED produced the most accurate results with 
the least amount of noise. It also produced output images 
with the fewest white pixels, which resulted in better 
performance. 

3.5 Hough Transform Lane Detection 

To recognize the highlights of a certain shape inside a 
grayscale photo arrangement, the Hough change 
algorithm is used. The Hough change algorithm has a 
significant amount of leeway because it is unaffected by 
visual noise or uneven lighting. The Hough change 
method is applied to a set of lane pixels in each sub-area 
to identify the lanes. The algorithm divides the 
applicants into groups that are used to determine the 
lane's borders. Hough change, which may be expressed 
as C (�������
��
����
�����

��
����������
��mple, the 
����!�����"
��	��
������������# 

� � ����� 	 
���� 
 

 
Fig. 2. Edge Detection on image. 
 

 

Fig. 3. Hough transform lines on edges. 
 
Where ��$�%	�����
�"
��

���	��

&��	�
���&��	�	���	�
 
� = The co-ordinates of the image pixels are x and y, the 
angle of the vector from origin to the closest point. 
The temperature is kept between 0 and 90 degrees 
Fahrenheit. The value associated with the accumulator 
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cell array is acquired when � =xcos+ysin is computed, 
and the results are added by 1. A local maximum in each 
accumulator array is searched to extract these 
intersection locations, map them back to Cartesian 
space, and overlay this picture on the original image to 
recover the determined lane borders. 

4 Implementation  

4.1 Pre-process the initial Image 

In order to pre-process the image a traffic raw image 
data set created using the video log and try to convert 
the raw image dataset into Gray scale images as shown 
in the figure 3. Later the Gray scaled images having 
noise which will be reduced using the Fuzzy noise 
reduction algorithm (FNRA) as it is not efficient enough 
Gaussian blur algorithm (GBA) is used to reduce the 
image noise with a specified kernel size. When the 
kernel size is larger it averages or soothing of shades is 
over a large area. 

4.2 Get the edges from pre-processed image 

After applying filters to make the images smoothening 
the images are processed through the canny transform 
algorithm to detect the strong edges or strong gradients 
above a canny HI which means canny high threshold, 
and reject the pixels below the canny low which means 
canny low threshold. The pixels in the blurred image 
between the low and high will be included as long as 
they are at a strong edge. The Pixel esteems are between 
0 and 255, the esteem difference between two pixels will 
be in this range, so this is the reasonable range of the 
thresholds. The recommended low to high ratio of the 
thresholds is 1:2, to 1:3 

4.3 Region of Interest 

In the image or video feed the algorithm should found 
only the place to get to predict the lanes in order to do 
that the region of interest is selected by just considering 
the pixels where they expect the lane lines to be. To get 
the region of interest (Roi), the algorithm needs to 
determine the corners (vertices) of a four-sided polygon 
(bottom left, top left, top right, bottom right), rather than 
indicating pixels. In this experiment utilized divisions of 
the picture's measurements so the eyeball it and compute 
is from that point. After the measurements of square or 
veil out any remaining edges that isn't important for our 
area of interest is left out. 

4.4 Lines of Edges 

 As referenced earlier (2.5) Hough transform algorithm 
is utilized to get lines from the edges distinguished on 
the picture where the Region of interest is drawn where 
���'�����&���
�����
��	�	
��'����
���
�&	�����
����*	�
���

in a picture and point where degrees are changed over 
into radians at the goal of the framework in Hough 
space, beginning from one the value can scale up to be 
more adaptable in what comprises a line. The Minimum 
vote co-efficient is the number of intersections in a given 
grid cell a a candidate line to have to make it into the 
output and the minimum length of the line in pixels that 
can be accepted as an output finally the maximum line 
gap which is the distance in pixels between the 
segmented lines to allow and connect as a single line. 

4.5 Extrapolation  of the lines 

Extrapolate means to insert points either before the first 
known point, or, after the last known point. Using the 
extrapolation formula to mast the centre lanes and 
overlaps the extrapolated lines on the raw image. 

 � ����� � � 	 ��������� 
The hough transform gives little lines, to extrapolate 
these little lines to make a left and right lane. To locate 
the min and max y directions to get the focuses at the 
base and most extreme y facilitates from the purposes of 
the little lines. First to separate the little lines into two 
gatherings. One with a positive slant (the left line), and 
one with a negative slant (the correct line), Later the 
lines incline towards one another. to group the x, y and 
slope for the left and right lane. To take the average x 
coordinate, y coordinate, slope and intercept for each 
gathering  and determined the upper and lower x 
coordinates for every lane dependent on the figured 
qualities and the condition of the line later draw a line to 
a meaningful boundary on a clear picture and return the 
picture. 

5 Tested dataset images 

In order to experiment with road lane detection on 
Indian highway scenarios, well-paved roads and well-
paved traffic lanes are needed. Instead of downloading 
the data from the Kitti vision data, we planned to build 
our own dataset. In order to create my own dataset 
searched many Indian highway road scenarios for well-
paved roads and traffic lanes. So, we downloaded the 
video from internet and captured a few frames of the 
video, and created our own dataset. 
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Fig. 4.  Data set images. 
 

6 Results 

The proposed algorithm's outcomes on real-life Indian 
highway settings are shown in this section. The program 
determines how to locate and extract lane markings on 
the left and right. The suggested technique has been 
tested on video pictures captured with an on-board 
vision sensor. On the first video image in Figure 9-13, 
which shows a part of the trial outcomes for lane marker 
identifications, the lane markers are visible. These 
images depict a real interstate situation (on Indian 
Highway) with both functional and broken lane signs. 
Figures 9 to 13 show a sequence of excellent-condition 
road pictures with a combination of solid and broken 
lane markers on the left and right. The computer is 
taught to precisely recognise the left and right lane 
markings. 9�13 depict a scenario with a moving car and 
a mix of strong and broken lane signs in the foreground. 
The computer is taught to precisely recognise the left 
and right lane markings. In video sequences filmed on 
curving road types and under highly tough lighting and 

weather situations, the result attained by our proposed 
method is good. With a 98% accuracy rate, it offers 
promising outcomes, reduces noise, and enhances 
detection rates. 
 
  

  
Fig. 8.  Grey Scale image. 
    

 

Fig. 9. Hough transform on a gray scale image. 
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Fig. 10. Hough Transform on Masked Image. 

 

Fig. 11.  Extrapolated lines. 

 

Fig. 12. Overlapped lane marking images. 

 

Fig. 13. Final output of Lane detection. 
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Fig. 10, Demonstrates detection on a road with a variety of 
road markings. On the road image, 9 depict a yellow lane 
with an arrow. The algorithm is successful in detecting the 
road lane.  

7 Conclusion 

In this study, a simple robust ongoing road lane 
identifying system was put to the test for better precision 
and robustness configuration. To make obtaining the 
valuable data easier, the program goes through a series 
of low-level picture processing procedures. The Canny 
edge detection technique concentrates on road features 
at that particular location. To find lines that can be 
utilized to define the left and right lane borders, the 
Hough Transform is used. Finally, as seen in the first 
image, the gathered left and right lane borders met in the 
middle to form the ideal aftereffect of left and right 
boundaries. To lower the high processing cost, the 
image is downsized to a smaller area of interest. Lower 
threshold esteem is used with worried recognition in 
more perplexing scenarios. In future projects, lane 
detection will be combined with location tracking to 
reduce computational load even more. Real-world 
placement in the image can be used to calculate distance 
and time to departure. Using the combined parameters, 
a new lane departure warning system will be introduced. 

7.1 Potential Short comings of pipeline 

1. It would not work if the camera angle was different 
and the region of interest would be different 

2. It would not work if there were animals or people 
crossing the street and are in between the two lanes, 
because this would be considered as edges by the 
canny transform so we would have to filter that out 

3. It would not work if there was something like a car 
directly in the lane as this would mess up the 
extrapolation of the lane since there would be 
spurious lines 

4. It would not work if the difference between the 
color of the lanes were too minimal, it would not be 
detected by the canny transform parameters. 

8 Future scope 

1. Parameters can be modified to improve 
performance even further. 

2. If there was an abrupt change between two frames, 
we can reject the result of the second frame because 
it does not make sense.  

3. Considering the following two consecutive frames, 
this does not make sense because of the abrupt 

change so we should disregard the second frame 
and consider it as an error/anomaly/miscalculation. 
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Abstract. Crop yield forecasting mainly focus on the domain of agriculture research which has a 
great impact on making decisions like import-export , pricing and distribution of respective crops. 
Accurate predictions with well timed forecasts is very important and is a tremendously challenging 
task due to numerous complex factors. Mainly crops like wheat, rice, peas, pulses, sugarcane, tea, 
cotton, green houses etc. can be used for crop yield prediction. Climatic changes and unpredictability 
influence mainly on crop production and maintenance. Forecasting crop yield well before harvest time 
can help farmers for selling and storage. Agriculture deals with large datasets and knowledge process. 
Many techniques are there to predict the crop yield. Farmers are benefited commercially by these 
predictions. Factors such as Geno type, Environment , Climatic conditions and Soil types used in 
predicting the Yield. For predicting accurately we need to know the fundamental understanding and 
relationship between the interactive factors and the yield to reveal the relationships between the 
datasets which are comprehensive and powerful algorithms. Based on the study of various survey 
papers it has been found that in all the crop predictions, various deep learning, machine learning and 
ANN algorithms implemented to predict yield forecast and the results are analyzed. 

1. Introduction 

Yield forecasting of Crop is very essential for the 
production of food globally. Accurate forecasting can 
be done by policy makers to take timely decisions to 
import and export in terms of improving the national 
food security. Seed companies must forecast new 
hybrids in order to breed better varieties for various 
types of environments. Financial decisions can be 
easily taken and get benefitted by farmers and 
Growers. Genotype and Environmental interactions 
are highly complex characteristics. Genotype means 
the genetic characteristic of individual for particular 
trait and phenotype of individual deals with 
observable characteristics like physical, 
physiological, biochemical and behavioral. For 
example, length of the plant is one type of phenotype 
trait.  
 

High dimensional marker data typically contains 
millions of markers for each plant individual and is 
represented by genotype.  

 
*Corresponding author: karunavenkatg@gmail.com 

 

The impact of genetic markers must be estimated, 
which results in interactions with various 
environmental factors and field management 
activities that must be calculated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
   
Fig.1.Genotype, phenotype and environmental interactions 
 

Alleles is the alternative word for genes and  each 
individual inherits two alleles for a character one 
from male and one from female. Two alleles can be 
same (TT or tt) or different (Tt).  
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Fig.2. Alleles, genes and traits 
 

Dominant allele that expresses itself and recessive 
allele unable to express itself. For a particular 
individual if the dominant allele and recessive allele 
is known then prediction of phenotype will become 
simple. 

 
 Environmental factors will have great effect on 

genotype. One of the explicit functions is phenotype, 
which consists of genotype is treated as G, E as 
environment, and their interactions are considered as 
G*E and is treated as noise. 

 

Fig.3. G*E interactions 

Group of environments will share same type of 
varieties can be considered as mega environments. 
Kharif (july-oct) and Rabi(mar-june) are the two 
main seasons for growing different crops. Rice, 
maize, sorghum, bajra, ragi, pulses, soyabean, 
groundnut and cotton are the crops grown in kharif 
season.  

 
Wheat, barley, oats, chick pea, mustard seeds are 

grown in rabi season. Syngenta is one of the 
company which provides the data for crop 
predictions. Climate data, which encompasses length 
of day, rainfall patterns, radiation from the sun, air 
humidity, min and max temperatures, is indeed one 
of the factors. 

 

2. Related Work 

In the Region of maharashtra, algorithms are used to 
predict paddy crop yields using anns[2]. 
Maharashtra's 27 districts have datasets inferred from 
available public Indian government records. When 
predicting, snowfall, lower limit temperature, mean 
temperature, highest temperature, region, output, and 
harvest are all factored into the equation.Weka tool is 
used for processing the dataset. In this rice crop 
prediction a multilayer perceptron neural network 
and is better than the regression models.Multilayer 
perceptron, radial basis function networks, and 
kohonen self organising feature maps are used in 
neural network[17] models. 

 
Machine learning approaches are used to predict 

crop yields, and they are implemented in the PHP 
platform.Temperature, area, humidity, and 
production are used to predict tomato crop 
parameters. Ch.Vishnuvardhan Chowdary, 
Dr.K.Venkataramana[3] developed id3 algorithm for 
quality crop yield prediction.  Different types of 
fertilizers are used to increase fertility of soil by 
adding nitrogen nutrients. Pesticides are used to 
remove the pest from the crop.Gradient boosting 
regressor uses cross validation to get more accuracy 
i.e 87.9% .Random forest regressor gets the accuracy 
of 98.9%. 

 
Crop yield prediction develops a mobile 

application design and implementation using machine 
learning[4]  it mainly helps the farmers to  predict 
production of specific crop in particular regions. 
Rainfall and temperature are the physical parameters 
used in predicting the yield of crop. The app is 
intended to help farmers by requiring them to enter 
information such as location, farm size, size, 
temperature, rainfall, and crop dataset.To train the 
dataset ARIMA model is used. Accurate prediciton 
can be done based on the availablity of quality data. 
Python, data processing, and Android Studio are used 
to design the application. Intelligrow is the smart 
phone application in which the results are potrayed in 
systematic manner. 

 
The learning algorithm to forecasting banana 

cultivation yields[5] utilises long - short - term 
memory strands with various perceptrons. 
Information is derived from beneficiaries (ARB) of 
Dapco in Davao del Norte, Philippines.Epoch, batch 
size, neurons are used as model parameters to 
identify the optimal values. Floods and droughts are 
the extreme events. Banana is the tropical fruit crop 
in philipiness. 
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In order to derive and refine yield prediction data, 
a review of research for estimation using machine 
learning[6] was initiated. Six databases were 
searched were used to find 567 related research, of 
which 50 have been chosen for some further 
exploration based on selected studies. Air temp, soil 
moisture, and soil composition are all used by 
artificial intelligence. Popular deep neural networks 
are CNN, LSTM, and DNN. Machine learning 
historical data is used for training phase and testing 
phase for performance evaluation. The literature 
review and study objectives serve as basis for 
descriptive and inferential machine learning 
algorithms. Models of description allow for the 
acquisition of knowledge from collected data. 
Predicting future result can be done for predictive 
models. Systematic literature review(SLR) gives the 
overview of the crop yield[13] prediction and its 
result is different from other results. Objectivity and 
transparency are the SLR factors. 

 
An ANN-based weather prediction model [7] 

asserts a linear correlation between both the weather 
data entry and the known target data. Atmosphere 
and state of given location is predicted in weather 
forecasting which collects the quantitative data. To 
protect life and property weather warnings are the 
important forecasts. ANN mainly minimizes the 
error.Temperature forecasts have special interest on 
minimum and maximum temperature of day. For 
winter , summer and fall training and testing is done 
separately. RBFN  and ensembles outperformed all 
single networks. 

 
Recursive neural network (BPN) [8] has the key 

advantage of being comparatively imprecise for a 
multitude of tasks. A multilayer perceptron has 3 
levels: the input nodes, the intermediate hidden 
nodes, and the output units. Factor analytic models 
are used to join environments and genotypes that do 
not have cross-over genotype * environment 
interactions[9].  Prediction assessment of  
environmental trains[11] using linear mixed 
models[18]. Syngenta datasets are used for predicting 
the yield of the crop across different countries. Crop 
yield prediction using deep neural networks[1] uses 
various algorithms like LSTM , lasso and regression 
trees.  

Agriculture deals with large datasets and 
knowledge process[12]. Many techniques are used to 
predict the yield of the crops. Neural pathways and 
sophisticated systems are used for massive volumes 
of data[18]. They used a replacement algorithm to 
determine yield in this research study. The pH level, 
amount of nitrogen, amount of carbon, weather 
patterns, temp, types of soil, and amount 

of  phosphate are among the parameters.The primary 
goal of agriculture is to maximise value. Because 
large-scale climatological phenomena have an overly 
negative impact on agriculture, it is critical to clarify 
the rainfall patterns of a selected point.There is a lot 
of research going on with pulses, wheat, rice, 
sugarcane, and onions. More accurate predictions 
using meteorological data is an intelligent 
system.Statistical models and crop simulation models 
are the two groups of prediction models and 
applications[14]. ANN and genetic algorithms are 
efficient than traditional methods because there are 
easy and accurate for complex inputs.If ANN uses 
climate factor effective then farmers can use it 
efficiently. 

 
ANNs are computational systems that processes 

like biological networks that constitute animal brains. 
Learning through experiences known as 
computational ability. Classification is made up of a 
group of simple computing units known as 
processing elements that are associated together in a 
multifaceted communication system, much like the 
human brain.Feed forward and back propagation are 
two common neural network architectures. A feed 
forward system as well as interpretation is a network 
that has no feedback mechanism. The flow of the 
system is uni - directional. A node transmits 
messages to another access point but obtains no 
response. 

 

 
 
Fig.4. Back propagation 

 
Back propagation seems to be a supervised 

classifier learning that describes how a neural 
network is trained. Network should provide with 
sample inputs and desired outputs.Following 
computations, the final output is compared to the 
actual output for a given input.Back propagation has 
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three phases: feed forward, back propagation of error, 
and weight updating. 

 
Estimation of wheat crop yield have used a deep 

Lstm network [18] is a low-cost method of crop yield 
prediction because satellite images are obtained from 
publicly available sources. Tehsil (block) levels are 
proposed for wheat predictions across several states 
in India and outperformed the existing methods. 
Remote sensing data is important popular source of 
data for various applications like income prediction,  
yield prediction etc.while prior methods involve in 
extracting  handcrafted or rudimentary features such 

as histograms where as this paper works on satellite 
images and allows model for learning yield 
prediction.For geographical area yield estimates 
depends on factors like waterbodies, urbanization etc. 
For data temporal features are modelled using deep 
LSTM model. Evaluation and validation of approach 
is done for tehsil level wheat prediction for seven 
states in India. To train proposed deep learning 
models used MODIS surface reluctance multi-
spectural satellite images and land classification 
maps.The model outperformed traditional remote 
sensing methods by 70% and deep learning models 
by54%. 

 

Fig.5. CNN-LSTM architecture 

Crop yield prediction using deep Gaussian process 
based on remote sensing data [15] says that it is an 
inexpensive method for accurate prediction. In three 
ways existing techniques are improved firstly they forego 
traditional features and next they undergo modern 
approaches based on remote sensing. Novel 
dimensionality reduction technique is introduced to train 
CNN or LSTM network based on labeled training data it 
will automatically learn the features. Finally, in order to 
improve accuracy, spatiotemporal data, the Gaussian 
model is expressly utilized. We put our technique to the 
assessment on province soybean predictive modeling in 
the U.s, and it surpasses competing firm procedures. 

 
A new dimensionality reduction technique is used 

to fulfill the demands of training phase. Raw images are 
treated as histograms of pixel counts to achieve 
tractability mean field[15]  approximation is used.CNN 
and LSTM are trained on histograms to predict the 
yield.It does not explicitly account for spatiotemporal 
dependencies between data points but performs well, for 
example, due to common soil properties. we have a 
tendency to overcome this limitation by incorporating a 
mathematician method layer on prime of our neural 
network[10] models.Other traditional remote sensing-

based models were outperformed by 30 percent in 
aspects of RMSE and   15percent of its total in aspects of 
MAPE. Deep learning models are complex non linear 
mappings used for learning hierarchical representation of 
data. CNN, DNN, LSTM consists of the set of layers 
where the output of one layer is the input of the next 
layer. 

 

 
 
     Fig.6.  LSTM structure 
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Fig.7. 3-D histogram visualization 
 

 
 
Fig.8. CNN structure 

 
3. Flowchart For Crop Yield          

Prediction 
 

 
 

4. Methods For Predicting Crop Yield 
 
4.1 Artificial Neural Networks (ANNs) 
 
Artificial neural networks performed better than 
multivariate regression. Back propagation neural network 
technique is one of the best performing algorithm. 
Artificial neural network uses back propagation. The 
multilayer perceptron seems to be the most frequently 
used neural network in latest studies. The input data, the 
hidden neurons, and the network output are required for 
ANN, and it outdoes prediction models[2]. Biological 
neural mechanisms in the human brain are one type of 
concept for ANN structure. Neurons in the human brain 
are integrated and used to design the interdependencies 
for refining. A neurological network is made up of nodes 
or units, which are integrated structures. Every 
component is built to look like its biological counterpart, 
a neuron. Each unit receives and replies to a weighted set 
of input data. The Artificial Neural Network (ANN) [19] 
technique is based on a biological system model. The 
crucial element of this technique is the novel structure of 
the understanding process system. Associate degree 
ANN is developed for a single application, including 
such pattern classification or information classification, 
using a learning method. 
 

 
Fig.9. Forward and Backward Propagation 

 

4.2 Deep Learning Networks (DLNs) 

Deep learning models are neurons that are used in deep 
learning approaches. CNN, RNN, LSTM, and DNN are 
outscored by Lasso, shallow neural networks, regression 
models, deep learning methods, fully convolutional 
neural networks, and rnns. Deep neural networks stand to 
gain from cutting-edge simulation and methods applied. 
Feature selection can be accomplished by decreasing the 
dimension of the input space used to train the DNN 
model. As it has numerous non-linear stacked layers 
which convert the input to the system into an elevated 
and more conceptual representation to every stacked 
layer, it can find the underpinning representation of data 
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in the apparent lack of feature input data. More 
complicated features are extracted as the system grows 
deeper, resulting in high precision. It is known to be an 
ubiquitous approximator function if the right variables 
are provided, which means it can estimate almost any 
feature but is difficult to choose the right parameters. 

4.2.1 Shallow Neural Network 
 
One or multiple hidden layers are prevalent in shallow 
neural network models. Recognizing a shallow neural 
network can make you realize what tends to happen in a 
deep network. The section outlines a shallow neural 
network with one hidden units, one input nodes, and one 
output neurons. 
 
 

 
 
 
 
 
 
 

Fig.10. Shallow Neural Network 
 
4.2.2 Convolution Neural Network 
 
    It is indeed a deep learning method that generates an   
image representation and designates weight values to 
various objects in the scene to discern them from each 
other.The below figure is the convolution neural network 
is sequence for classifiying handwritten digits. 
 

 

Fig.11. Convolution Neural Network 
 

4.2.3 Recurrent Neural Network (RNN) 

The recurrent neural network model [20] adds a twist 
for basic neural network. A vanilla neural network takes 
input as fixed vector size and limits the usage to 
situations which involves series type input with no 
planned size. Recurrent neural network remembers the 
past and are influenced by the decisions in past. They 
can take one or more inputs and gives one or more 
outputs as vector. 

     

      Fig.12. Recurrent Neural Network 
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4.2.4 Long Short Term Memory (LSTM) 

Long Short Term Memory Models (LSTMMs) are 
designed essential to tackle the long-term correlation 
issue that exists in recurrent neural networks due to the 
vanishing gradient troubles.To make more traditional 
feed forward neural network LSTMs have feed back 
connections. They process the sequence of data entirely 
without treating each point independently and the useful 
information is retained about the previous data and it 
helps for processing the new data points. For text, 
speech and general-time series LSTMs are good for 
such sequences of data. 
 
4.2.5 Deep Neural Networks 

For association of input and outputs deep learning 
algorithms are used along with networks. Deep refers to 
large amount of layers along with weights and biases 
can be able to solve for more complex functions. 

 

Fig.13. Deep Neural Networks 

4.3 Machine Learning Techniques 
 
Machine learning models used to anticipate crop growth 
include regression analysis, gradient boosting regressor 
model, random forest regressor model,  decision tree 
regressor modle, polynomial regression technique, and 
ridge regression technique.Out of all random forest 
regressor[3] and gradient boosting regressor[3] gives 
best accuracy with cross validation.  
 
4.3.1 Linear Regression Model 
 
It is just a sequential model that represents the linear 
relation among an input parameter (x) and a single 
output unit (y) for combinations of the input parameter 
(x) (y). Single input variable is considered as a simple 
linear regression and multiple input variable is 
considered as a multiple linear regression.Most common 
data and method is treat the ordinary least squares 
method. 
 
 
 

4.3.2 Gradient Boosting Regressor 
 
Gradient Boosting is a  kind of regression method. GB 
builds an ingredient model series of steps, letting the 
tuning of absolute discrete loss functions. A regression 
tree performs the amount of boosting phases in each 
phase by working on the negative slope of the given 
deficit. 
 
4.3.3 Random Forest Regressor 
 
So every decision tree has a large variance; 
nevertheless, when we incorporate them all at once, the 
eventual variance is lesser because each tree is wholly 
trained on suitable sample knowledge, and thus the 
outcome does not rely solely tree structure but on 
multiple call trees. In the occurrence of a classification 
error, the bulk vote classifier is used to produce the final 
output. In the scenario of a regression flaw, the final 
output is the mean of all the outcomes. Aggregation is 
the name given to this part of the equation. 
 
4.3.4 Decision Tree Regressor 
 
In attempt to provide tangible continuous output, 
decision tree predictor scrutinises an object's choices 
and trains a framework within the structure of a tree to 
anticipate knowledge in the future. Constant output 
insinuates that the emission is not distinguishable, that it 
cannot be characterised simply by a distinct, well-
known group of statistics or value systems.. 
 
4.3.5 Polynomial Regression 
 
Polynomial Regression is a common formula that does 
use an ordinal degree polynomial to quantify the 
relationship between a predicated (y) and an 
independent variable (x). The Unique Instance of 
Multiple Statistical Residuals in Cubic Cm is another 
name for it. As a result, in required to persuade the 
Multiple Statistical Coefficient of determination to 
Polynomial Correlation, we add some polynomial 
conditions to it. It is a linear classifier that has been 
improved in high precision. The mentoring set of data 
used in Polynomial regression is not deterministic. It 
hires a statistical regression model to adapt the tough 
and non-linear features and data sources. 
 
4.3.6 Ridge Regression 
 
Ridge regression is a concept standard setting technique 
that might be used to analyse any statistics that has 
experienced from repeated measures. This method 
employs L2 regularisation.once the problem of multiple 
regression happens, least-squares ar unbiased, and 
variances ar giant, this ends up in foreseen values to be 
far-flung from the particular values. 
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5. Comparision of crop yield prediction with 
    different models 
 
5.1 Artificial Neural Networks 
 
The table below contrasts R, MEA, as well as MSE[16] 
for crop varieties when using artificial neural systems 
imperialistic competitive optimization technique and 
grey wolf optimization method models to examine 
effectiveness.    
     

Table1. ANN-ICA and ANN-GWO with R, MEA and 
RMSE 

 
 
 
Crops 

R MEA (%) RMSE (%) 

ANN
-ICA 

ANN
-

GW
O 

ANN
-ICA 

ANN
-

GW
O 

ANN
-ICA 

ANN
-

GW
O 

Wheat 0.35 0.49 35.6 33.40 8.58 8.41 

Barley 
 

0.38 0.43 12.10 12.25 0.42 0.63 

Potato 0.81 0.81 22.8 22.25 0.78 0.76 

Sugar 
Beet 

0.24 0.26 39.0 39.12 3.35 3.44 

Averag
e 

0.45 0.50 27.3 26.68 3.30 3.29 

 
5.2 Deep Neural Networks 
 
The table compares different deep learning models 
based on response variable, training RMSE, validation 
RMSE, training and validation correlation coefficients 
for yield, check yield, and difference. 
 

Table 2.Training and validation comparisons of  different 
deep neural network algorithms 

 
 
Mod
el 

Respon
se 

variabl
e 

Traini
ng 
RMS

E 

Trainin
g 

correla
tion 

coeffici
ent(%) 

 

Valida
tion 

RMSE 

Validat
ion 

correla
tion 

coeffici
ent (%) 

DN
N 

Yield 10.53 88.31 12.8 82.91 

Check 
yield 

8.22 91.01 11.39 85.49 

Yield 
differen

ce 
11.80 45.89 12.50 29.31 

LAS
SO 

Yield 20.32 36.69 21.43 27.66 

Check 
yield 

18.87 28.51 19.89 23.01 

Yield 
differen

ce 
15.33 19.79 13.12 6.88 

SNN 

Yield 12.98 80.29 18.09 60.10 

Check 
yield 

10.25 71.19 15.15 60.50 

Yield 
differen

ce
9.98 58.76 15.16 11.36 

RT 

Yield 14.38 76.75 15.30 73.85 

Check 
yield

14.57 82.01 14.88 69.98 

Yield 
differen

ce
17.68 21.15 15.93 5.12 

 

 
Corn and soyabean crops are compared using Training 
and validation RMSE, training and validation 
correlation coeffients for CNN and RNN algorithms. 
 
Table 3. CNN and RNN comparing corn and soyabean crops 

 
 

5.3 Machine Learning 
 

When accuracy, recall, and F1-score are being used 
to make comparisons different algorithms such as 
logistic regression model , decision tree method, 
Random Forest model, and k nearest neighbour as well 
as svms, logistic regression  model performed the best. 

 

Resp
onse 

Model Trai
ning 
RMS

E 

Training 
correlati

on 
coefficie
nt(%) 

 

Validat
ion 

RMSE 

Validati
on 

correlati
on 

coefficie
nt(%) 

Corn 

CNN-
RNN 
(W)

17.15 89.02 24.79 72.18 

CNN-
RNN 
(S)

19.16 84.72 24.43 73.82 

CNN-
RNN 
(M)

27.77 69.59 34.03 33.99 

Avera
ge 

38.51 0.04 35.66 0.01 

Soya 
bean 

CNN-
RNN 
(W)

4.6 89.65 5.98 78.80 

CNN-
RNN 
(S)

5.64 83.26 5.94 81.28 

CNN-
RNN 
(M)

7.87 59.84 8.66 48.77 

Avera
ge 

10.29 0.01 10.11 0.05 
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Table 4. Machine learning algorithms accuracy comparison 
 

Algorithm Precision Recall  F1-Score Acc
ura
cy(1
00
%) 

Cl
ass 
0 

Cla
ss 1 

Cla
ss 0 

Cl
as
s 
1 

Cl
ass 
0 

Cla
ss 1 

Logistic 
Regression 

1 1 1 1 1 1 100 

Decision 
Tree 

1 0.90 0.83 1 0.9
1 

0.95 93.3 

Random 
Forest 

1 0.90 0.83 1 0.9
1 

0.95 93.3 

K Nearest 
Neighbor 

1 0.82 0.63 1 0.8
0 

0.90 86.6
6 

Support 
Vector 
Machine  

0 0.60 0 1 0 0.75 60 

 
Deep learing and machine learning algorithms        

comparison using mean absolute percentage error and 
finding the best performer algorithm using accuracy 
measure. 

 
Table 5.Various deep learning and ML algorithms comparison 

 
Model Accuracy 

Measure(%) 
MAPE(%) 

DRL 93.7 17 

BDN 92.1 20 

BAN 91.7 27 

IDANN 91 29 

RAE 90.7 32 

DL 91.85 28 

ANN 90.5 38 

RF 70.7 53 

GB 81.2 41 

 

 Table below shows Rice, millet and paddy crops 
comparison using different algorithms and choosing the 
best performer using accuracy among all the algorithms 
Random forest gives best result for prediction. 
 

Table 6. Comparing table for Rice, Millet and Paddy for 
                various Models 
 

Model Accuracy 
Measure (%) 

Crop 

Multilayer perceptron 97.5 Rice 

RBF Neural network 96.77 Rice 

Random forest classifier 99.74 Millet 

Deep reinforcement 
Learning 

93.7 Paddy 

 

6. Conclusion 
 

This paper gives a detailed  analysis of different 
approaches used for crop yield prediction.Various 
algorithms are mentioned along with the datasets and 
results. Different types of crops used for prediction 
purpose in different seasons are mentioned.various 
crops are used for prediction using different 
classification techniques, depending on the factors used 
more accurate results are generated. Climatic conditions 
plays a major role in yield. Crop yield prediction mainly 
depends on factors so while using any techniques need 
to consider the factors accurately gives effective results 
and helps in making good decisions for import and 
export and better pricing of respective crops. This work 
can be used to extend these approaches for and to 
achieve better results for future enhancements. 
 
7. Nomenclature 
 
CNN    -   Convolutional Neural Network 
RNN    -  Recurrent Neural Network 
RT       -  Regression tree 
DL       -    Deep Learning 
ANN    -  Artificial Neural Networks 
GB       -   Gradient Boosting  
DRL    -    Deep Reinforcement Learning 
ARIMA - AutoRegressive Integrated Moving Average 
LSTM  - Long Short Term Memory 
DNN    - Deep Neural networks 
MAPE  - Mean Absolute Percentage Error 
RMSE  - Root mean square error 
MEA   - Means end analysis 
MSE    -   Mean square error 
BDN    -   Deep Belief Network 
BAN    -  Born again neural networks 
IDANN -   Internal Deep Generative Artificial Neural  
                  Networks 
RAE      -   Robust Adaboost RT based Ensemble 
R            -   Range 
MODIS  -   Moderate Resolution Imaging Spectroradiometer 
LASSO  -   Least Absolute Shrinkage and Selection 
                   Operator 
ANN-ICA  - Artificial Neural Networks -imperialist  
                     competitive algorithm 
ANN-GWO  -    Artificial Neural Networks -Gray Wolf  
                           Optimizer of Neural Networks                   
CNN-RNN(W) - Convolutional Neural Networks-Recurrent  
                            Neural Networks( weather data) 
CNN-RNN(S)  -  Convolutional Neural Networks-Recurrent  
                            Neural Networks( soildata) 
CNN-RNN(M) -  Convolutional Neural Networks-Recurrent  
                            Neural Networks( managementdata) 
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Abstract-Prediction of Crop yield focuses primarily on agriculture research which will have a 
significant effect on making decisions such as import-export, pricing and distribution of specific crops. 
Predicting accurately with well-timed forecasts is important, but it is a difficult task due to numerous 
complex factors. Mostly crops like wheat, rice, peas, pulses, sugar cane, tea, cotton, green houses, corn, 
and soybean can all be used to forecast crop yields. We considered corn dataset to predict the yield for 
13 different states in United States. Crop development and progression are strongly affected by climatic 
changes and unpredictability. Predicting crop yield well before harvest time will support farmers for 
selling and storing their crops. Agriculture involves large datasets and knowledge processes. Factors 
such as Weather Components, Soil Components, Management practices, genotype and their interactions 
are used in predicting Corn Yield. Precise crop growth generally necessitates a complete overview of 
the functional correlations between yield and all these interactive variables, which necessitates the use 
of large datasets and complex algorithms to demonstrate. Various Machine Learning models, Deep 
Learning models, and Artificial Neural Network algorithms are used for predicting. Deep Neural 
Network Models such as Convolution Neural Networks (CNN), Spiking Neural Networks (SNN), and 
Recurrent Neural Networks (RNN) are used to assess corn yield. Integrating CNN, RNN and SNN 
models outperformed than individual model performance. 

Keywords � crop yield, spiking neural networks, prediction, recurrent neural networks. 

1. Introduction 
Crop yield forecasting plays a vital role for global food 
Production. To improve food and nutrition security, 
decision makers can use efficient process to make timely 
import and export choices. In order to breed better 
varieties for different types of environments, seed 
companies must forecast new hybrids. With the help of 
crop predictions farmers can be benefited to avoid the 
losses financially and can be known before what crop 
should be grown in which season and what are the 
precautions need to be taken according to the 
environment and soil interactions. 

 

Fig 1.Genotype, phenotype and environmental interactions 

Seed companies as well as farmers are going to get 
benefited ultimately with the help of forecasting. Crop 
yield forecasting can be done based on the respective 
factors like soil components, weather components, 
location, county, latitude and longitude, genotype and 
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phenotype characteristics etc. It should be known before 
that how much area should be taken to plant the crop and 
the plantation week should be noted up to how many 
months the crop should last all the measures needs to be 
analyzed before while planting the crops. What crops 
need to be grow and what crops cannot grow need to be 
considered based on the past years experiences and can 
also gather information from the companies like 
Syngenta[2] which is a global supplier of crop 
protection products like (herbicides, fungicides, and 
insecticides), seeds like (Rice and Corn) and other 
related products. Interactions between genotype and 
environment [1] are extremely complex. The term 
genotype refers to an individual's genetic characteristics 
for a specific trait, whereas phenotype refers to 
observable characteristics such as physical, 
physiological, biochemical, and behavioral 
characteristics. Plant length, for example, is a type of 
phenotype trait as shown in above Fig1 and below Fig 2 
 

 

Fig 2.Phenotype traits, Genes and Environment 

Millions of markers are usually present in high 
dimensional marker data, which is defined by genotype 
for every plant individual. It is important to compute the 
impact of genetic markers, which usually result in 
interactions with various environmental influences as 
well as field management activities. 

Alleles are another word for genes, and each 
individual inherits two alleles for each character, one 
from male and one from female. Two alleles can be the 
same (TT or tt) or different (TT or tt) (Tt).  
 

 

Fig 3. Dominant and Recessive alleles 

The dominant allele expresses itself, while the 
recessive allele does not. If the dominant and recessive 
alleles for a specific individual are known, phenotype 
prediction becomes simple. Environmental factors will 
have a significant impact on genotype. One of several 
explicit functions is phenotype, which is regarded 
as noise and is composed of genotype (G), environment 
(E), and their interrelations (G*E) as shown in above Fig 
3. 

 
Mega environments are groups of environments that 

share the same type of variation. The two main seasons 
for growing various crops are Kharif (July-October) and 
Rabi (March-June). We have different crops like Rice, 
maize, sorghum, bajra, ragi, pulses, soya bean, 
groundnut and cotton usually grown in kharif season 
where as Wheat, barley, oats, chick pea, mustard seeds 
are grown in Rabi season. Corn crop is considered for 
predicting in this paper and kharif is the season for 
growing corn.  

 
Soil components, Weather components are the 

factors for yield prediction. Different varieties of Soil 
components are considered like Bulk density, Cation 
exchange capacity pH7  , Coarse fragments, Clay, Total 
Nitrogen, Organic carbon density, organic carbon stock, 
PH in H20, Sand, Silt, Soil organic carbon and all of 
these inputs are measured with a 250 square 
meter resolution at six distinct depths (0-5cm, 5-15cm, 
15-30cm, 30-60cm, 60-100cm and 100-200cm).The 
different Climatic components used for estimating the 
yield are rainfall, radiation from the sun, Precipitation 
data equivalent, highest temperature conditions, lowest 
temperature conditions, and vapor pressure are all 
factors to consider. Climate components play an 
important role in predicting when compared with the 
Soil and other factors. Crop productivity, on the other 
hand, is nearly impossible due to a plethora of complex 
factors. Genotype and environmental factors, for 
example, frequently communicate with one another, 
making grain yield quite difficult. Atmospheric 
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conditions, for example, often have complicated 
dynamic impacts that are hard to calculate accurately. 

 
Crop productivity can be forecasted using machine 

learning models, Deep learning methods and artificial 
neural networks (Ann). Deep learning models [9] are 
classification learning methodologies because they have 
different levels of representation, each with nonlinear 
modules that change the representation at the present 
level, beginning with raw input and advancing to a 
progressively intuitive level. Deeper structures may also 
be affected by the vanishing gradient issue, that could be 
mitigated by using residual shortcut connections as well 
as numerous auxiliary heads (loss functions) for the 
network. To increase the accuracy of deep learning (dl) 
techniques, other techniques like a batch normalization, 
dropout, as well as stochastic gradient descent have been 
developed (SGD). In the literature, deep learning 
network techniques usually with more number of hidden 
layers gives good results than artificial neural network 
models with a single hidden layer. Deeper features, on 
either hand, are very complicate for training the model 
as well as necessitates more difficult hardware and 
optimization methods. Deep neural network loss 
functions, for instance, have a high dimensionality and 
are non-convex, making optimization quite difficult due 
to the existence of numerous local optima and saddle 
points. 

2. Related Work 
Soybean Flowering and Physiological Maturity 

Forecasted Using Neural Network Aspects [3] are 
founded on the hypothesis that computer simulation 
models of plant growth have been formulated; but the 
models are not always getting good results in plant 
developing assessment among various conditions. Field- 
observed flowering dates is being used by this study for 
���� ���	

�� �����	�� ���� ���� ������� ��� �����������
investigations in North Carolina, Gainesville, Quincy, 
Clayton and Florida. The neural network model was 
trained on the daily Higher and lower climatic 
conditions, season, and days after planting or flowering 
are all factors to consider. The sets of data were divided 
into two main categories: for training as model 
development as well as independent data sets for testing. 
The relative mean error of dataset testing for the purpose 
of flowering date forecasting was 0.143 days and for 
estimation of physiological maturity was +2.19 days. 
Plant continued growth estimations are useful in 
agricultural production because they allow the 
cultivators to enhance field operation planning and 
enhance net income as shown in below Fig 4 and Fig 5. 

 

Fig 4.Inputs, connections, and structure of a neural network 
model are depicted using 3 distinct hidden nodes. 

When seed germinates, the vegetative and 
reproductive development processes begin, and these 
processes end when the harvest matures. Temperature is 
a key climate variable influencing plant growth. 
Furthermore, duration, or the length of the daily light 
period, can influence increases the productivity in some 
species. Existing simulation models struggle to correctly 
estimate development in a variety of areas where either 
temperature or photoperiod varies. Extended 
preprocessing was required before feeding the data into 
the neural network models. The findings for the three 
thresholds in equations 7 through 10 were entirely 
dependent on pre - processing phase. It was not possible 
to conduct an intensive research of all threshold values 
and neural network requirements. 

In this study, we anticipate maize yields using linear 
regression models and artificial neural networks models 
[4]. From 1962 to 2004, multiple linear regression 
models (MLR) and non-linear artificial neural network 
model (ANN) designs were used in forecasting future 
maize crop in China's Jilin region, with climate and 
fertilizer as predictor variables. Production was set to be 
determined by July-August rainfall, September 
precipitation, and fertilizer application. Fertilizer is used 
as a dominant forecaster in the ANN model and was 
found to be non-linearly related to output. For obtaining 
the fertilizer data of maize there is a difficulty so the 
studies used previous years yield tested data. Estimation 
skill scores derived from cross- validation 
technique andretroactive validation technique revealed 
that ANN models perform better than MLR and 
persistence.  Due to the non-stationary nature of the data, 
in the analysis of forecasting skill, cross-validation 
method was found to be less reliable than retroactive 
evaluation. Researchers used two approaches to study 
crop productivity in relation to environmental variables: 
mechanistic models and empirical models. For 
analyzing relationships between crop, soil types, 
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climatic conditions, and ecology, mechanistic 
approaches that depend on physiological methods for 
crop development are best. Because non-linear 
relationships identified by an ANN model are more 
difficult to understand than linear relationships 
identified by MLR, ANN has been dubbed a "black box" 
technique. As a result, the ANN extrapolates with 
greater care than a linear function. ANN gives low 
values compared with MLR solution and hence decides 
that nonlinear relationship is better. In present research, 
where interpretation occurred, the ANN model's 
bounded functional shape gave ANN an added benefit 
over MLR. Machine Learning Methods for Efficient 
Forecasting in India [5] Amount of rain, atmospheric 
pressure, chemical fertilizer, pesticides, ph level, and 
other climate patterns and parameters all have an impact 
on crop production. After recognizing the linear 
relationship among yield and these parameters, reliable 
yield prediction is needed. 

 
Machine Learning techniques can improve by 

distinguishing and presenting the consistency and 
pattern of drive information, machine execution can be 
improved without the need for characterized computer 
programming. This survey used a variety of neural 
network models to assess crop yield on crop yield 
datasets from multiple areas and crops, including Linear 
Regression model, Gradient Boosting Regressor model, 
Random Forest Regressor model, Decision Tree 
Regressor model, Polynomial Regression model, and 
Ridge Regression model. Mean absolute error (MAE), 
mean squared error (MSE), root mean square error 
(RMSE), R-square, and cross validation are the 
measures used to compare the accuracy of these 
strategies. Findings indicate that the Gradient Boosting 
Regressor has a precision of 87.9 percent with cross 
validation runs. 

 
Deep Learning techniques in Agriculture [8] is a 

comparatively recent, cutting-edge image processing 
technique and data analysis technique with best 
outcomes and massive results. Deep learning technique 
has recently made its way into agriculture after being 
used efficiently in other fields. We assess the sustainable 
agricultural challenges under consideration, as well as 
the models and theories employed, information sources, 
nature, and pre-processing as well as the improved 
ability achieved based on the criteria used at each work 
under considering. In addition, we compare deep 
learning to other popular technologies in terms of 
classification or regression efficiency differences. 

 

Fig 5. CaffeNet, example CNN architecture 

 Deep learning outdoes prevailing commonly used 
image processing method in terms of accuracy, 
according to our findings. Images make up a sizable 
portion of the information gathered through remotely 
sensed data. Images provide a clear understanding of 
farming in many cases and can be used to address a 
variety of issues. As an outcome, imaging analysis has 
become an interesting subject in agriculture, and 
intelligent data collection methods are used in a wide 
range of farming applications for image identity 
verification, outlier detection, and so on. DL extends 
traditional ML by incorporating more "depth" 
(complexity) to the model and transforming data from 
multiple capabilities that allow data representation in a 
systematic order, through many levels of 
abstraction.Based on the network architecture, DL may 
contain a wide range of modules. A basic problem in 
computer vision, not just deep learning, is that data pre-
processing is frequently required and time-consuming, 
particularly when satellite and images are involved.The 
high dimensionality and slight number of training 
samples of hyper spectral data are two issues. Aside 
from that, existing datasets do not always effectively 
define the problem. When considering corn returns, for 
example, it was important to compensate in cultivation 
data such as fertilization and water management, 
external influences other than weather data can be 
considered. Convolutional Neural Networks (CNN) are 
used to capture similar spatial functioning of different 
features and combine them to model yield response to 
nutrient and grain rate management [6]. To define a new 
dataset for training and test sets the CNN model, nine 
on-farm corn field studies are used. When compared to 
multiple regression analysis, the test dataset RMSE is 
reduced by up to 68 percent, and by up to 29 percent 
when compared to a random forest. When we look at the 
harvest data collected within 50 meters of the field's 
boundaries, we can see that the input variables centered 
on such cells cover an area with no data.  

 
As shown in below Fig 6 and Fig 7, Fig 8,This 

survey modeled yield response to nitrogen and seed rate 
management using five different field features (nitrogen 
and grain rates, elevation map, soil electro conductivity, 
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and spatial data). Other risk factors and management 
techniques that have an effect on global field impacts 
gain response to site-specific planning. These 
parameters differ from field to field while changing 
progressively within the same field. 

 
Fig 6.Convolutional Neural Network 

Growing plants Date, Hybrid Maturity, and Weather 
Conditions Influence Corn Yield and Crop Stage [7] In 
Iowa, USA, we examined wheat crop and phenology 
data from a multi-location, year, hybrid comparative 
maturity, and planting date study. Our goals were to find 
the best combination of sowing date and comparable 
maturity to maximize corn seed yield per weather, as 
����� 	�� ��� ����
	��� ���� �������� ��� ���
� ����-season 
���������������	�������
������������	����������������
planting date. According to ANOVA, 70% of the 
variability in seed yield was directly related to planting 
date and only 10% to associated to maturity, stating that 
short and full-season hybrid relative maturity periods 
generated equivalent to seed yield regardless of when 
they were sown as long as the farms reached maturity 
prior to harvesting. According to our findings, the time 
to grain yield is a good predictor of expected higher 
yield, with a critical stage (after which yield is reduced) 
of 23 July for Iowa. Furthermore, we discovered that 
keeping a lower limit growing degree of 648°Cday as 
during the grain-filling period enhanced maize yield. 
Conclude, the studied information will help Iowans in 
making sowing date decisions on the basis on hybrid 
relative maturity. Throughout most of the growing 
season (April�October), weather conditions at our 
sampling locations were relatively inconsistent. The 
Northeast place had the coolest site-year in 2014, while 
the Southeast place had the hottest year in 2016. In 
aspects of rainfall, 62 percent of the site-years were wet, 
24 percent became dry, and 14 percent were indeed a 
mix of the two .  

Maize seed yield, silking time, and other 
considerations, as well as grain-filling duration, are all 
affected by the planting date. In terms of seed yield and 
phenology, PD had a bigger influence than RM. Farmers 
in Iowa will benefit much during the growing season if 
they plant full-season hybrids all year; nevertheless, the 
real effect of RM fades over time. Immigrants came to 

warmer climates with a longer growing season as 
southern climates warm. A shortened growing season 
was blamed for the harvest penalty associated with 
delayed planting. Farmers typically select a mixture 
relative maturity well in order to progress of planting; 
however, our research shows that combination RM has 
a very minor impact on grain yield for any given PD 
when harvested before planting. 

 
Grain yield estimation and climate making 

predictions using machine learning techniques 
for Assessment of the impacts on agriculture [9] 
Weather has a significant impact on crop productivity A 
increasing previous research models this transaction in 
order to estimate the threat of climate change on the 
industry. A yield modeling approach that makes use of 
a semi-parametric variant of a deep learning to account 
for nonlinear dynamic interactions in high-dimensional 
datasets, as well as known geometrical structure and 
unfathomable cross-sectional heterogeneity. We show 
that using corn yield data from the Midwest of the 
United States, this model outperformed both traditional 
statistical methods and entirely nonparametric neural 
networks in predicting yields of years denied during 
model training. We show that climate change has a 
major negative impact on corn prices, but it is less 
intense than the impacts projected using statistical 
models. Abatzoglou's gridded surface meteorological 
database (METDATA) is used to generate the 
meteorological data (2013). Bagging improved both the 
parameterization and the SNN's precision, but the 
bagged SNN consistently outperforms. Both OLS 
regression and the SNN were outpaced by the fully-
nonparametric neural net, which was learned in the same 
way as the SNN but lacked simulation terms. 

Incorporating machine learning and crop simulations 
improves crop yield estimation in the Corn Belt of the 
United States [ 10].The goal of this research is to see if 
merging crop modeling and machine learning (ML) 
tends to improve grain yield projections in the Corn Belt 
of the United States. The primary objectives were to 
identify whether such a hybrid approach would result in 
better assumptions, which hybrid model mixtures 
provide much more better estimates, and which crop 
modeling attributes are most effective when combined 
with ML for maize crop prediction. The researchers 
noted that using simulation crop modeling as input 
features in ML models can lessen yield estimation root 
mean squared error (RMSE) by 7 to 20%. Furthermore, 
we investigated the selective complicity of APSIM 
attributes in ML forecasting and concluded that soil 
moisture-related APSIM variables have the greatest 
impact on ML projections, followed by crop-related and 
weather-related APSIM variables. This finding implies 
that weather reports alone are inadequate, and that Ml 

 
 

E3S Web of Conferences 309, 01162 (2021)
ICMED 2021

https://doi.org/10.1051/e3sconf/202130901162

 
5



algorithms require more surface water inputs to produce 
more accurate yield forecasts. 

 
Estimation of crop prices using supervised machine 

learning methods [11] and our focus is primarily on 
agriculture. Farmers are the most important people in 
agriculture. Farmers face massive losses if the price falls 
after the cultivation. This paper proposes estimating and 
planning crop prices for the next 12 months. The 
information is provided to users via a Flask web page, 
which is powered by impactful machine learning 
techniques and innovations and has a user-friendly 
interface as a whole. The accumulated training datasets 
contain a wealth of information for forecasting market 
price and demand. The Decision tree Regressor 
supervised machine learning algorithm was used in our 
model. It has been honed on a number of Kharif and 
Rabi seasons to improve efficiency. 

Estimation of Crop Production by Robots [12] 
Cultivation is an entirely manual endeavour. The use of 
machine learning methods to implement any type of 
automation is still in its beginning phases. The focus of 
this article is to present a contextual approach for 
introducing machine learning methods into the cropping 
process. A comparison of machine learning algorithms 
was performed in order to determine which algorithm is 
the most accurate in predicting the best crop for a 
specific plot of land. The research looks at six major 
food crops in Bangladesh: Aman rice, Aus rice, Boro 
rice, potato, wheat, and jute. Multiple Linear Regression 
(MLR) produced the most accurate results during the 
evaluation and was implemented into an Android 
application. The android platform system can also 
generate a timeline of the entire farming process for a 
specific crop, including when to apply fertilizer. Except 
for wheat and potatoes, MLR offers greater prediction in 
this case. KNN yields superior performance for wheat 
and potato. Mostly as result, the error is 0.40 percent for 
one and 6.26 percent for the other.  

 
Deep Learning Methods for Yield Estimation [13]. 

Automatic crop monitoring and yield prediction are now 
possible thanks to artificial intelligence. The categories 
were created entirely around five networks: ANN, CNN, 
DNN, RNN, and combination networks. The feed 
forward's ANN and DNN were examined, and both 
offered an average predictive accuracy of 60-70 percent. 
The large proportion of agricultural processing was 
carried out using images and timely monitoring. CNN 
significantly outperformed both DNN and ANN models, 
with efficiency of 80-85 percent. The only drawback of 
CNN in this research was that its projections were based 
purely on training sample rather than real-time past 
results. A few work was aimed at improving the yield 
prediction even more and to avoid loss during the yield. 
The RNN makes use of an LSTM-LSTM combination, 

which allows for the addition of data storage. When 
particularly in comparison to the other three systems, it 
involves the feedback loop that CNN fails, evaluated to 
the high classification level's average estimation of 83 � 
89 percent. 

3. Proposed Work 
 
3.1 Dataset Description 
 
For Crop yield prediction we need to select the crop here 
we selected the crop called Corn and going to forecast 
the yield based on the dataset and the applied algorithms. 
Dataset is the first thing we need to select here we 
collected the dataset from various sources like Syngenta 
and it mainly consists of the variables like nw, ns, np, 
nss where the number of weather elements is nw, and 
the number of soil particles is ns. measured at different 
depth, np is the planting component and nss is the soil 
component measured at the surface The six weather 
components considered are rainfall, radiation from the 
sun, snow water equivalent, highest temperature, lowest 
temperature, and air humidity for csv files they are 
named as Wij where i is the weather component index 
and consider the six weather components i.e i=1, . . .6 
and j= index of  week of year for every year there are 52 
����������!"#$%&'%�*�����	���""�+��������������������
bulk density(bdod), Caption exchange capacity at 
Ph7(cec), Coarse fragments(cfvo), clay, Total nitrogen, 
Organic carbon density(ocd), Organic carbon 
stock(ocs), ph in H20(phh20), Sand, Silt, Soil organic 
carbon measured at six different depths(0-5cm, 5-15cm, 
15-30cm, 30-60cm, 60-100cm, 100-200cm) with 250 
square meter resolution in csv files they can be named 
as Sij  where i is the soil component i.e i=1,-----11 and j 
is the index of depth j=1,---6. Planting time component 
is considered as np in csv files they are named as pi 
where i is the index of the planting date week i=1,---16. 
The crop performance dataset includes the identified 
average yield for corn between 1980 and 2019 across 
1,176 countries for corn in 13 states including Indiana, 
Minnesota, Kansas, North Dakota, Missouri, Illinois, 
Iowa, Nebraska, South Dakota, Ohio, Kentucky, 
Michigan, and Wisconsin. Organizational data is 
generally the cumulative percentage of cultivated fields 
in each state each week starting in April of each year. 
Grid map approach is followed which means horizontal 
and vertical lines to identify locations on map. 
 
3.2 System Architecture 
 
The System Architecture of proposed work is like first 
consider the dataset and preprocesses the data then split 
into train and test data apply the classification 
techniques and predict the results. Here for this 
forecasting purpose Corn dataset is considered from 
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open source challenge platform like Syngenta [2]. 
Cleaning, integration, reduction, and transmission are all 
methods of data preprocessing. We need to get rid of any 
data that isn't absolutely necessary. The procedure of 
detecting and analyzing inaccurate or incorrect records 
from a dataset is known as data cleaning. Real-world 
data frequently contains noise and missing values, and it 
may be in an inaccessible format that cannot be actively 
used for DL models. Data preprocessing is required for 
cleaning preparation and analysis it for various Deep 
Learning concepts, which increases performance and 
reliability. Data that is preprocessed is categorized for 
training and testing. Training a data means to train the 
model and testing is for validation process where the 
unseen predictions are done. The act of segregating 
available data into two segments, typically for cross-
validator purposes, is known as data splitting. One set of 
data is used to create a forecasting model, while the 
other is used to evaluate the performance of the model. 
Data separation into training and test sets is a critical 
step in assessing data mining models. Training 
percentage is taken as 80 and test percentage is 20. 
When a data set is split into a training phase and a 
validation phase, the majority of information is used for 
training and only a small amount is used for test results. 
To train any model, no matter what type of dataset is 
used, the set of data must be divided into training and 
testing sets.In the analysis of forecasting skill, cross-
validation method was found to be less reliable than 
retroactive evaluation. Researchers used two approaches 
to study crop productivity in relation to environmental 
variables: mechanistic models and empirical models. 
For analyzing relationships between crop, soil types, 
climatic conditions, and ecology, mechanistic 
approaches that depends on physiological methods for 
crop development are best. 
 
 
4. Flowchart for Crop Yield Prediction 

 
 

5. Implementation 

5.1 Deep learning Methods  

Corn yield forecasting is done using Deep Learning 
(DL) models. Convolutional Neural Networks (CNN), 
Recurrent Neural Networks (RNN), and Spiking Neural 
Networks are some of the deep learning models used in 
this paper (SNN). Neural Networks are composed of 
three layers: input, hidden and output layer. Input Layer: 
In this level various types of data is provided to the 
model. Number of neuron indicates the total number of 
features in data. Hidden Layer: The output of the Input 
Layer is fed into the Hidden Layer. Depending on our 
model and the size of the data, there could be many 
hidden layers. So every hidden layer may contain a 
different number of neurons, which is usually greater 
than the number of characteristics. Each layer's output is 
calculated by multiplying the previous layer's output by 
the learnable weights of that layer, followed by addition 

Start 

Select corn dataset 

Clean dataset 

Classification 

Convolutional 
neural 

networks

Recurrent neural 
networks 

Spiking neural 
networks 

Conv-  hidden 
layer Pool- 

hidden layer 
Flat- hidden 
layer Dense- 
hidden layer

Sequential- 
input layer 

RELU- 6 hidden 
layers Sigmoid- 
1 output layer 

FLATTEN - input layer   
RELU - hidden layer   

Soft max- output layer 

Prediction: Accuracy, F1-
score 

Result 

Split dataset into training and testing 
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of transferable biases and an activation function, making 
the learning process non linear. 
 
Output Layer: The hidden layer's output is then placed 
into a logistic function, such as sigmoid or soft max, 
which converts each class's output into a probability 
score for each class. Classification is a method of 
determining which of a set of characteristics a new 
observation belongs to, based on a learning set of data 
containing observations with defined category 
membership. 

5.2 Convolution Neural Networks (CNN) 

ConvNets also ������ 	�� -11�+� ��������� ��� ��������
layers mainly used for image processing and object 
detection. It has a number of layers that process and 
extract data features. CNN has a convolution layer with 
several filters that performs the convolution operation. 
CNN image categories take an image representation and 
process it before categorizing it. An input image is 
perceived by computers as an array of pixels, the size 
that rely on the quality of image. Depending on the 
resolution of an image, it will see h x w x d (h = Height, 
w = Width, d = Dimension). For convolution Neural 
1�������� 2-11�+3� ��� ��� ���� ������� �	����� i.e. 
convolution layer, Pool layer, flat layer, Dense layer. 
Conv1D is used and in this the kernel moves only in one 
direction applicable for Time series data, input and 
output of Conv1D is two dimensional. Convolution is a 
mathematical operation performed on two objects to 
generate an output that expresses how the shape of one 
is modified by the other. This calculation finds a special 
functionality in the input data and needs to return a result 
enclosing that feature's relevant data. This is known as a 
feature map. The process of merging is known as 
pooling. So it's primarily for the purpose of reducing 
data size. Max pooling is considered which takes the 
highest value within the box. One �dimensional array is 
considered as a method of converting input data to next 
layer also treated as flattening. The convolutional layer 
outcome is flattened to produce a single long feature 
vector. It is also correlated to the final classification 
model, forming a fully-connected layer. We attach the 
final layer to a single line that contains all of the pixel 
data. Fully connected layer is a dense layer tells that 
neurons of one layer communicate with next. Adaptive 
Moment Estimation optimization is a stochastic gradient 
descent model which is based on adaptive estimation of 

first-order as well as second-order moments. Adaptive 
Moment Estimation is a deep neural network training-
specific adaptive learning rate considered as 
optimization algorithm. The technique makes use of the 
power of adaptive learning rate techniques to identify 
individual learning rates for each parameter. The 
average of the squared differences between the observed 
and predicted values is used to calculate the Mean 
Squared Error loss. The output is always positive, 
regardless of the sign of the predicted and actual values, 
and the value obtained is 0.0. 

 

Fig 7. Convolutional Neural Networks 

5.3 Recurrent Neural Networks (RNN): 

One type of artificial neural network is recurrent neural 
network that can perform operations on some files like 
audio files, data files etc. All input and output values are 
independent in neural networks whereas in RNN, the 
hidden layers remember the data that was done in a 
previous layer and give that remembered data to the next 
layer as input so that it can perform operations on data. 
This process is repeated until the desired output is 
obtained. The rectified linear activation function, 
abbreviated RELU, is a piecewise linear function that 
retrieves the user input if it is positive and indirectly if it 
is negative. It has become the default activation function 
for few types of neural networks and it is easier to train 
and frequently results in better performance. Activation 
functions for a Rectified Linear Unit with six hidden 
layers. In multi-layer networks, the vanishing gradient 
issue restricts the use of the sigmoid and hyperbolic 
tangent activation functions. The rectified linear 
activation function solves the vanishing gradient 
problem, allowing features to learn more quickly and 
work better. When building multilayer Perceptron and 
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convolutional neural network models, the rectified 
linear activation act as   standard activation. Input layer 
is sequential and output layer is sigmoid. 

  

Fig8. Recurrent Neural Networks 

5.4 Spiking Neural Networks (SNN): 

Spiking neural networks (SNNs) were artificial neural 
networks that resembled natural neural networks. SNNs 
incorporate time into their operating model in terms of 
neuronal and synaptogenesis state. According to the 
principle, the neurons in the SNN do not need to transmit 
data during every propagation cycle. Information is only 
sent when a membrane potential � an inherent property 
of the neuron associated to its electrical charge on the 
membrane � reaches a specified value known as the 
threshold. When the membrane potential reaches a 
certain threshold, the neuron fires and transmits the 
signal to other neurons, which modify their potentials in 
reactions to the signal. The input layer is flattening. 
Flattening is the process of converting data into a one-
dimensional array for input into the next layer. We 
flatten the layer output to create a unified long feature 
vector. It is also linked to the last classification model, 
resulting in a fully connected layer. The ReLU layer is 
the hidden layer. The rectified linear activation function 
(ReLU) is a piecewise linear function that, if the input is 
positive, effectively generates the input; otherwise, it 
outputs zero. The rectified linear activation function 
solves the vanishing gradient problem, allowing models 
to learn more quickly and function better. The output 
layer, the Softmax layer, broadens this concept into a 
multi-class work environment. The total of those 
decimal likelihoods must equal 1.0. The number of 
neurons in the Softmax layer must be the same as 
number of neurons in the output layer as shown in below 
Fig 9. 
 

 

Fig 9.Spiking Neural Networks 

6. Results 

Tensor flow, an open-source software library, was used 
to create the three deep neural networks in Python. The 
training phase for each neural network took about 1.4 
hours on a Tesla K20m GPU. For comparative analysis, 
we used three other well-known forecasting models: 
Convolutional Neural Network models (CNN), 
Recurrent Neural Network models (RNN), and Spiking 
Neural Networks models (SNN). To ensure better 
comparisons, we wrote all of these modeling techniques 
in Python and evaluated them in the same software and 
hardware environments. The overall classification and 
prediction will be used to generate the Final Result. The 
effectiveness of the proposed approach is assessed using 
metrics such as, the ability of a classifier is referred to 
as its accuracy Class label is predicted correctly and the 
accuracy tells how good a given predictor can guess the 
value of attribute for new data. 

AC= 
�����

�����������
 

F-measure=
���

���������
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6.1 Results for Convolutional Neural Network 

 

6.2 Results for Spiking Neural Network 

 

6.3 Results for Recurrent Neural Network 

 

6.4 Result Analysis 

The prediction accuracy of crop yield is compared with 
3 models and the results are depicted in Table1. 

 

 

 

Table 1: Comparing different measures for CNN, RNN, SNN 

 
7. Conclusion 

We described a deep learning-based framework for 
forecasting climate information and management in this 
study practices that successfully predicted corn yields 
across the entire Corn Belt in the United States. Most 
importantly, our approach went beyond estimation by 
providing major findings that aided in the explanation of 
yield estimation (variable importance by time period). 
The method  developed are convolutional neural 
networks (CNN) and Spiking neural networks (SNN). 
The CNN component of the framework was designed to 
capture the intrinsic temporal relationship of weather 
data as well as the spatial interconnections of soil data 
measured at different depths underground. The model's 
RNN component was designed to capture the rising 
trend in crop yield over time as part of ongoing 
improvements in plant reproduction and management 
practises. SNNs work with spikes, which are discrete 
events that happen at specific points in time, instead of 
continuous values. The occurrence of a spike is 
determined by nonlinear equations that depict various 
biological processes, the most significant of which is the 
membrane potential of a neuron. When a neuron attains 
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a certain potential, it spikes, and the potential of the 
neuron is reset. Several variables, including climatic 
conditions, soil, and management, had a large impact on 
the model's effectiveness. In unknown environments, 
the suggested framework accurately predicted yields, 
and it could thus be used in tasks requiring long-term 
yield forecasting. One of the most difficult aspects of 
deep learning techniques is their black box nature. To 
make the current proposal less of a black box and more 
concise, feature selection was back propagation method 
that is   used for trained CNN-RNN model. The feature 
selection model estimated the individual impact of 
weather components, soil type, and management 
variables, as well as the time span when these factors get 
to be significant, and that is a study development. This 
method could be used to solve other research issues. 
Similarly, a hybrid could be classified as low-yielding 
or high-yielding depends on the performance in 
comparison to other varieties in the same location. 
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Abstract. Prediction of a cardiovascular diseases has always a tedious challenge for doctors and medical 
practitioners. Most of the practitioners and hospital staff offers expensive medication, care and surgeries to treat the 
cardiovascular patients. At early-stage of prediction of heart-oriented problems will be giving a chance of survival by 
taking necessary precautions. Over the years there are different types of methodologies were proposed to predict the 
cardiovascular diseases one of the best methodologies is a Machine learning approach. These years many scientific 
advancements take place in the Artificial Intelligence, Machine learning, and Deep learning which gives an extra push 
up to help and implement the path in the field of medical image processing and medical data analysis. By using the 
enormous dataset from various medical experts used to help the researchers to predict the coronary problems prior to 
happening. Many researchers have tried and implemented different machine learning algorithms to automate the 
prediction analysis using the enormous number of datasets. There are numerous algorithms and procedures to predict 
the cardiovascular diseases and accessible to be specific Classification methods including Artificial Neural Networks 
(AI), Decision tree (DT), Support vector machine (SVM), Genetic algorithm (GA), Neural network (NN), Naive 
Bayes (NB) and Clustering algorithms like K-NN. A few examinations have been done for creating expectation 
models utilizing singular procedures and additionally concatenating at least two strategies. This paper gives a speedy 
and simple survey and knowledge of approachable prediction models using different researchers work from 2004 to 
2019. The examination indicates the precision of individual experiments done by various researchers. 

1 Introduction  

The heart is a significant organ which plays 
crucial part of every living being especially in humans. It 
pumps blood to all parts of our life systems. In case of 
failing to pumpor doesn’t work accurately, the mind and 
different organs will quit working, and inside couple of 
moments, the individual will pass on. Changes in way of 
life, business related pressure, and terrible food 
propensities add to the expansion in the pace of a few 
heart-related sicknesses. 

Heart sicknesses have arisen as perhaps the 
most unmistakable reasons for death all around the 
planet. The expanding populace in heftiness and 
smoking, the mortality from coronary sicknesses is 
slowly on the ascent, which has gotten the "best 
executioner" that compromises human wellbeing 
contrasted with malignant growth, Helps, and different 
illnesses, whatever age, character or area. As per WHO 
Coronary-related issues are responsible for the death of 
17.7 million people every year, around 31% of 
worldwide death mortality.Especially in India, coronary 
illness became primary cause of mortality. Coronary 
problems causes the death of 1.7 million in 2016, In 
2016 Global Burden of Disease Report, issued on 15th 
September 2017.  

Coronary illness analytics states that the 
expenditure on hospitalization and treatment is gradually 
increased compared to the previous years and also 
diminishesthe survival rate of a person. Evaluations of 
WHO, explains that in India cardiac patients has spent 
around $237 billion, in the span of 10 years from 2005-
2015. In this way, attainable and precise expectation of 
coronary related illness is vital. 

      The health care industry and health care 
research organisations collects the abundant data of 
patients,in which DM techniques are not used. The 
clinical data of the patients have covered up designs that 
are fundamental for data examination in the location of 
coronary illness. Coronary illness is a main source of 
death worldwide for as far back as 15 years. As the heart 
pumps the blood there is a possibility of on and off 
condition comes when the blood circulates inside the 
body which is inadequate, the rest of the organs inside 
the patient body especially brain and heart stops 
working, which causes the sudden death in few seconds. 
The importantelements are distinguished as age, 
hypertension, diabetes, family ancestry, tobacco, 
smoking, very high levels of cholesterol, daily routine of 
alcohol, actual dormancy, stoutness, chest torment, and 
eating junk food routine[1].  

Data gathered by inspecting the verified records 
of the inpatient.it is feasible to separate the details and 
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Abstract. Cardiovascular Diseases (CVDs) are the primary cause for the sudden death in the world today 
from the past few years the disease has emerged greatly as a most unpredictable problem, not only in India 
the whole planet facing the criticality. So, there is a desperate need of valid, accurate and practical solution 
or application to diagnose the CVD problems in time for mandatory treatment. Predicting the CVD is a 
great challenge in the health care domain of clinical data analysis. Machine learning Algorithms (MLA) and 
Techniques has been vastly developed and proven to be effective and efficient in predicting the problems 
using the past data. Using these MLA techniques and taking the clinical dataset which provided by the 
healthcare industry. Different studies were takes place and tried only a small part into predicting CVD with 
ML Algorithms. In this thesis, we propose the different novel methodology which concentrates at finding 
appropriate features by using MLA techniques resulting at finding out the accurate model to predict CVD. 
In this prediction model we are trying to implement the models with different combinations of features and 
several known classification techniques such as Deep Learning,  Random Forest, Generalised Linear Model, 
Naïve Bayes, Logistic Regression, Decision Tree, Gradient Boosted trees, Support Vector Machine, Vote 
and HRFLM and we have got an higher accuracy level and  of 75.8%, 85.1%, 82.9%, 87.4%, 85%, 86.1%, 
78.3%, 86.1%, 87.41%, and  88.4% through the prediction model for heart disease with the hybrid random 
forest with a linear model (HRFLM). 

 

1 Introduction 

It is hard to recognize Cardio vascular Diseases (CVD) 
because of a couple of contributory risk factors like 
raised cholesterol levels, diabetes, hypertension, 
dropping heart rate etc., like different problems. Various 
methods like Neural Networks(NN) and Data 
Mining(DM) techniques are used to get to know the 
intensity of CVD among different patients. The intensity 
of the problem is arranged depends on diverse strategies 
like Naive Bayes(NB), K-NN, Decision Tree(DT), and 
Genetic Algorithm(GA) [1]. The idea of CVD is 
unpredictable also, hence, the contamination ought to be 
dealt with circumspectly. Not doing as such may impact 
the heart or cause abrupt passing. The perspective of 
clinical science strategies and information digging are 
used for finding various types of metabolic issues. DM 
with arrangement has an immense impact in the 
conjecture of CVD and information assessment. We also 
observe DT be used to predict the accuracy of situations 
relevant to CVD [2]. 
Different strategies have been utilized for information 
deliberation by utilizing realized information digging 
techniques for anticipating CVD. In this work, various 

readings have been completed to create an expectation 
model utilizing particular procedures and relating at least 
two strategies. The combination of new procedures 
ordinarily known as half breed strategies [3]. We present 
neural networks utilizing pulse time arrangement. This 
strategy utilizes different clinical records for expectation, 
for example, Right pack branch block (RPBB), Left 
group branch block(LGBB), AFIB, NSR, SBR, AFL, 
PVC, and SDB to discover the specific state of the heart 
patient with CVD. The dataset with a spiral premise 
work organization RBFN is utilized for arrangement. 
The data further bifurcated into two parts as 70.0% of 
the data is considered for testing purpose and the rest of 
the 30% is considered for training purposes [4]. 

We additionally present a CADSS in the 
medication and examination field. In past work, the 
utilization of information mining strategies in the 
medical care departments has been appeared to set aside 
less effort for the forecast of illness with more precise 
outcomes [5]. We bring up the proposal which analyse 
the CVD utilizing the GA. This technique utilizes 
compelling affiliation rules deduced with the GA for 
competition choice, hybrid, and change which brings 
about the new proposed wellness work. For exploratory 
approval, we utilize the most popular dataset collected 
by UCI (Cleveland Dataset). We like to experiment and 
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see how outcomes end up being unmistakable when 
contrasted with a portion of by using supervised learning 
procedures. The most remarkable transformative 
calculation PSO is presented and a few standards are 
produced for CVD. The standards have been applied 
haphazardly with encoding methods which bring about 
the progress of the exactness generally speaking [6]. 
CVD is anticipated dependent on indications to be 
specific like sex, rate of heart, age, and numerous 
features. The ML algorithms combination of NN is 
presented, whose outcomes are more exact and 
dependable. 

NN are usually considered the best apparatus 
for the prediction like Cardiovascular and brain tumour 
diseases. The proposed technique we are taking 13 
features of CVD forecast. The outcomes show an 
improved degree of execution contrasted with the current 
techniques. The CAS has likewise become a 
predominant therapy mode in clinical industry in this 
decade. The CAS remind the event of major antagonistic 
cardiovascular occasions (MACE) of CVD patients that 
are older. Their assessment turns out to be vital. We 
create results using an ANN algorithm, which delivers 
great execution in the forecast of CVD. Neural 
organization strategies are presented, which join back 
probabilities as well as anticipated qualities from 
different archetype procedures. This model accomplishes 
an exactness level of up to 89.01% which is a solid 
outcome contrasted with past research. For all trials, the 
UCI’s Cleveland CVD dataset is utilized with NN 
algorithm to enhance the presentation of CVD in the 
papers [7] and [8]. 

We have additionally seen latest improvements 
in AI, ML strategies utilized for the IoT too [9]. Machine 
Learning strategies on online data appeared to provide a 
precise recognizable evidence of IoT devices which are 
related with a network. The researcher Meidan et al. took 
a data and marked as IoT online data from nine 
individual cell phones, Personal Computers, and IoT 
gadgets. Utilizing Supervised learning methods, to make  
a hybrid meta classifier [10]. In initial also crucial stage, 
the classifier can recognize traffic created by non-IoT 
and IoT gadgets. In the subsequent level, every IoT 
gadget is related to a particular IoT gadget class [10]. DL 
is a best strategy for getting précised data from all 
sensors of IoT gadgets conveyed in difficult conditions 
[11]. Based on its multi-layer-structure, DL is also a 
most suitable to the IoT edge computing [12]. 

In this research, we present a strategy which 
call's the main aspect of this experiment is to enhance the 
performance accuracy of CVD detection. Numerous 
examinations have been led that outcomes in limitations 
of highlight choice for algorithmic use. Interestingly, the 
HRFLM technique utilizes all highlights with no 
limitations of highlight determination. Here we direct 
analyses used to distinguish the highlights of an AI 
calculation with a crossover technique. The examination 
results indicates that our proposed method has more 
grounded capacity to anticipate CVD contrasted with 
existing strategies. 

Further, the research of this paper is coordinated as 
follows: Segment II explains about past CVD detection 
experiments, existing strategies, and methods accessible.  
Section III, explains the overview of methodology. The 
process of -‘HRFLM’ classification modelling, pre-
processing the data, performance measure and feature 
selection, classification and algorithms is discussed in 
segment -IV. In segment V discussed regarding the 
dataset and experiment interface and its evaluation. In 
segment-VI discussed the assessment of different 
modelling techniques and their results. Segment VII 
concludes the experimentation and a few details on a 
future research 

2 Related Work 

There are abundant previous researches in these 
fields mentioned in this research paper. ANN been 
acquainted to generate the great precision forecast in the 
healthcare research field [6]. The backpropagations of 
Multi-layer-Perceptron (MLP) and ANN is used for 
prediction of CVD. The achieved outcomes compared 
with the outcomes of already researched models on a 
same environment and inferred the model should be 
improved [13]. The CVD dataset of different cases 
collected by the UCI is used to find patterns using NN, 
SVM, DT, and NB. The experimental results are used to 
differentiate the overall performance of each model and 
accuracies of these algorithmic models. The proposed 
strategy(Hybrid model) returns outcome of 86.82% 
while working on the  F-measure model, also tried 
competing with other proposed techniques [14]. The 
image classification without segmenting the images 
CNN model is used. In this strategy takes theheart cycles 
into consideration with various starting positions using 
the Electrocardiogram-signals at the beginning stage. 
Convolutional Neural Network can produce features 
with different angles in the stage of testing the data [15]. 
A lot of information has not been utilized properly which 
was produced by the clinical practitioners. The 
introduction of new approaches mitigates the cost also 
enhance the prediction of CVD in a simple and powerful 
manner. The different distinctive exploration techniques 
are taken into consideration in this research for 
classification and prediction of CVD utilizing Machine 
Learning and DL algorithms are exceptionally accurate 
in establishing the viability of these techniques [16]. 

3 Overview of Methodology and Results 

Using HRFLM, we come up with a 
computational strategy with the 3 affiliation regulations 
of data mining in particular, Predictive, Apriori, and 
Tertius to discover the variables of CVD on the UCI 
dataset. The accessible data focuses to the allowance that 
females having a lesser degree of possibility for CVD 
contrasted with males. In CVD, exact analysis is 
essential. Be that as it may, the conventional 
methodologies are insufficient for precise prediction and 
analysis. 
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HRFLM utilizes Artificial Neural Networks 
with backpropagation alongside 13 medical features as 
input. The acquired outcomes are similarly breaking 
down against customary techniques [17]. The danger 
levels become high and various credits are utilized for 
exactness in the conclusion of the illness [18]. The 
complexity and nature of CVD require an effectual 
treatment plan. Information mining techniques help in 
therapeutic circumstances in the clinical field. The 
information mining strategies are additionally utilized 
thinking about NN, DT, KNN and SVM. Among a few 
utilized strategies, the outcomes from SVM end up being 
valuable in upgrading exactness in the expectation of 
infection. A module to check heart condition using a non 
linear methodology is acquainted which recognizes the 
arrhythmias which means tachycardia, bradycardia, atrial 
ventricular vacillates, atrial, and numerous others. The 
presentation viability of this strategy can be assessed 
from the exactness in the result results dependent on 
ECG information. ANN preparing is utilized for the 
exact finding of illness and the forecast of potential 
anomalies of the particular patient. 

Various data mining techniques and prediction 
strategies, for example, Linear Relapse K-Nearest 
Neighbours, Neural Network, Support Vector Machines, 
and Vote have been somewhat mainstream recently to 
distinguish and anticipate CVD. The tale strategy Vote 
related to a mixture approach utilizing Naïve Bayes and 
Linear Regression are used in this research. The dataset 
gathered from UCI  is utilized for directing the analyses 
the proposed strategy, which brought about 87.34% 
precision in the forecast of CVD. The PPCA strategy is 
bring forward for assessment, in view of three 
informational indexes of Switzerland, Hungarian, and 
Cleveland in UCI individually. The strategy extricates 
the vectors along with vector projection and high 
covariance is utilized for limiting the component 
measurement. The component determination with 
limiting measurement is given to an outspread premise 
work, which upholds SVM kernal. The aftereffects of the 
techniques are 85.820%, 91.310%, and 82.186% of UCI 
informational indexes of Hungarian, Switzerland, and 
Cleveland individually [19]. The half and half strategy 
joining MARS, LR, and ANN is presented with 
unpleasant set methods and the fundamental novel 
contribution in this research paper. The technique which 
brought forward is viably decreased the arrangement of 
basic credits. The leftover ascribes are contributions to 
ANN, therefore. The CVD datasets are utilized to show 
the viability of the improvement of the crossbreed 
approach. The CVD expectation with a multi-facet view 
proposing Neural Networks. This technique utilizes 13 
clinical quality highlights as the info and prepared by 
backpropagation are extremely exact outcomes in 
recognizing if the patient has CVD. 

We likewise present the Apriori calculation 
with Support Vector Machine and comparison with 9 
different classification techniques to anticipate CVD 
with more precision. The aftereffects of the order 
strategy have demonstrated a more serious level of 
precision and execution in the forecast of CVD 
contrasted with the other existing strategies. The 

component choice assumes a conspicuous part in the 
expectation of CVD. ANN with backpropagation is for 
better forecast of the sickness. The outcomes acquired 
from the use of ANN are profoundly exact and 
exceptionally exact. The hereditary calculation with 
fuzzy Neural Networks also known as RFNN is 
presented for the finding of CVD. 

From the UCI Dataset out of 297.00 record 
occurrence of patient data, altogether, are taken for 
experimentation out of which 250 records are separated 
for training purpose and the leftover for testing purposes 
considered. The outcomes have been situated to be 
fulfilling dependent on the appraisal. A CVD forecast 
with Support Vector Machines and ANN model is 
proposed in this research work. In this methodology, two 
techniques are utilized for the reason of the precision and 
testing time consumption. The proposed experimentation 
model organizes the clustered dataset into two separate 
classes in Support Vector Machine just as Artificial 
Neural Networks for additional investigation as 
demonstrated in [20]. The backpropagation of Neural 
Network with order technique is presented, where HGS 
is created and afterward, from there on the specific 
quality arrangement. The exhibition of the BPNN with 
the classification strategies has been estimated in the 
preparation stage just like testing stage with the different 
types of samples. The precision of this method has 
enhanced the uniformity of total number of available 
records. 

 
Figure 1. Work flow chart 

 
Table 1: UCI Dataset range and type 
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4 Methodology  

In this investigation, we have utilized and 
Python Jupyter Notebook platform to perform the 
classification of CVD using the UCI(Cleveland) dataset. 
Using the visualization libraries whichprovidesa beter 
perspective and visualization of data, , building the 
prescient examination, and working climate. Machine 
Learning measure begins from the data pre-processing 
stage followed by determination of features based on 
Decision Tree entropy, modelling performance 
assessment using classification, and the outcomes with 
improved exactness. The element choice and 
demonstrating continue rehashing for different blends of 
qualities. Table 1 shows the information type and scope 
of qualities. The exhibition of each method produced 
dependent on 13 highlights and Machine Learning 
procedures utilized for every emphasis and execution are 
recorded. Section 4.1 sums up the information pre-
preparing, Section 4.2 talks about the component choice 
utilizing entropy, in Section 4.3 clarifies the 
characterization with ML methods and Section 4.4 
introduced the presentation of the outcomes. 

4.1Pre-Processing 

CVD information is pre-handled after the assortment of 
different record types. An aggregate of 303 patient’s 
records contained in the dataset, out of those 6 records 
have few data values are missing. Those missing records 
in the data was deleted and the leftover patient’s 
records(297) are utilized for pre-processing. The binary 
classification and multi-class variable are presented for 
attributes in the dataset. In order to find out the absence 
or presence of CVD multi-class variable is utilized. For 
instance, when the patient has CVD the binary 
classification value is changed from 0 to 1, if not the 
value remains 0 which demonstrates the absence of CVD 
in patient. The data pre-processing carries out conversion 
of over clinical values as diagnostic values. Out of 297 
patient records demonstrates that 137 records are 
classified as 1 which resulted in data pre-processing 
setting up the presence of CVD while the rest of the 160 
as 0 which indicates an absence of CVD. 

4.2Feature Selection 

From the dataset out of 13, only two clinical 
attributes concerned to sex and age are used to find out 
the patient’s personal information. The rest of the 11 
attributes are examined as crucial clinical information. 
All these clinical records are very important for learning 
and diagnosis of the CVD. As explained earlier a lot of 
machine learning techniques are utilized to find out the 
CVD namely GLM, NB, DL, LR, RF, DT, SVM, and 
GBT. The research work was done repeatedly with all 
machine learning algorithms considering the 13 
attributes. In the below figure-2 flowchart shows the 
HRFLM prediction method. 

4.3Classification 

The dataset clustering is completed by taking the criteria 
and variables of Decision Tree features as basis. Later 
each clustered dataset is fed to the classifiers to measure 
the performance and the best algorithms are selected 
using the above outcomes based on very low error rate. 
Further optimization of performance using the decision 
tree cluster in which the error rate is high and respected 
feature extraction using classifiers. The classifier 
performance is furtherly examined for error mitigation 
on the opted dataset. 

 

Figure 2. CVD Predictionusing HRFLM 

4.4Performance Evaluation 

A several basic evaluations of performance 
metrics like precision, classification error and accuracy 
was taken into consideration for the performance 
computation efficiency of this research model. In this 
current scenario accuracy means the examples at what 
percentage rate accurately predicting out of all the 
instances available. The percentage of exact prediction is 
defined as precision in the true class of examples. The 
percentage of available errors or accuracy lacking are 
defined using the error. To distinguish the features of 
CVD, three performance variables are utilized which 
helps to understand better about the behaviour of the 
different blends of selecting the features. Machine 
Learning algorithms focuses on the model which 
performs the best contrasted with existing strategies. We 
are coming up to use HRFLM, which creates highly 
précised and less error rate classification to predict the 
CVD. The exhibition of all the classifiersisevaluated 
separately and outputs aresaved for future assessments. 

4.5 Algorithms 
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5. Experimentational Environment 

5.1Datasets 

CVD datasets were gathered from UCI AI 
repository. Further UCI have four different datasets 
available in their repository namely: Cleveland, the VA 
Long Beach, Switzerland, and Hungary. The Cleveland 
data set was chosen for this examination since it is a 
normally utilized information base for Machine Learning 
specialists with thorough and full-fledged records. In the 
repository dataset holds 303.00 patient records. The 

Cleveland dataset which is holding 76.00 variables, the 
informational index gave in the archive outfits data 
subset of just 14 variables. The below Table 1 portrays 
the depiction and kind of qualities. Total 13 attributes 
that include in the forecast of CVD, where just one 
quality fills in as the yield or the anticipated 
characteristic to find out the CVD in patient. 
 

The dataset consists various attributes to display 
the finding of CVD in patients on various measures, 
which starts 0 and ends at 4. In this kind of scenario, 0 
addresses the shortfall of CVD and every one of the 
qualities from 1 and ends at 4 addresses patients with 
CVD, where the measurements alludes to the seriousness 
of the infection 4 indicates most elevated. In Figure 1 
indicates the circulation of the attributes out of the 
recognized 303 records. 

 

Figure 3.Dataset Over all Error rate classification error rate 

 

5.2Experiment interface and Evaluation 

We have utilized anPython Jupyter Notebook to 
execute the CVD classification using the UCI dataset. 
Figure-1 portrays the assessment of the investigation 
step-by-step organizes. In the initial stage, the data is 
stacked and arranged for pre-processing. There are 13 
different attributes (AGE, EXANG, CP, SEX, CHOL, 
TREEBPS, RESTECG, FBS, OLDPEAK, THALACH, 
CA, SLOPE, TARGET, and THAL) is chosen among 
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the pre-processed dataset of CVD. The 3 different 
detection  models to find CVD are Decision Tree, 
Random Forest, and are utilized to build up the 
classification model. The assessment of the classification 
is done using confusion matrix. Absolutely, four results 
are created by the disarray framework, in particular FN 
(False Negative) TN (True Negative), FP (False 
Positive), and TP (True Positive).  

 
The accompanying measures are utilized for the 
estimation of the specificity, accuracy, and sensitivity. 

6 Evaluation Results 

The present CVD prediction system is structured using 
13 aspects and calculated the modelling techniques 
accuracy. The various classification model results are 
mentioned in Table 2, which portrays and differentiates 
the accuracy with other classification models along with 
the comparison of, classification error, Accuracy, F-
measure, Precision, specificity, and sensitivity. The most 
elevated accuracy is accomplished by the proposed 
classification method (HRFLM) algorithmic model is 
compared with other algorithms. 

 
Table 2: Results of differentalgorithmsalongwithproposed 

model 

 
 

Table 3: Results of different classification models and 
proposed model. 

 
 

Table 4: HRFLM Results 

 

7 Conclusion 

Recognizing the preparation of raw medical datasets of 
CVD will be useful in the future to save the life of 
human and also early detection of cardio vascular 
problems. Artificial Intelligence methods used in this 
research to so process the raw data to make sense and 
train the system to get to know the attributes of CVD. 
The CVD prediction is difficult also plays a crucial part 
in the medical science industries. Nonetheless, the death 
rate could be definitely controlled in case of the effect of 
sickness is identified at the starting stages and deterrent 
measures are received as quickly as time permits. 
Further augmentation of this experiment is profoundly 
attractive to take care of the assessments to real time 
datasets instead of basically speculative techniques and 
recreations. The proposed methodology called HRFLM 
approach is experimented to consolidate the variables of 
Linear Method (LM) and Random Forest (RF). HRFLM 
is proved up that the model is very accurate in the 
forecasting of CVD. The future enhancements of this 
model will be experimented using various other 
combinations of AI/ML/DL algorithms. Moreover, new 
element determination approaches would be created in 
order to get highly accurate perception of the crucial data 
to enhance the performance of CVD prediction. 
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Abstract.  Anomaly Detection on the real time road traffic has tremendous application possibilities in 

metropolitan road safety and traffic management. Due to the effect of numerous factors, for example: 

climate, viewpoints and road conditions in real-time traffic scene, Anomaly detection actually faces many 

difficulties. There are many reasons for vehicle accidents, for example: crashes, vehicle on flames and 

vehicle breakdowns, which exhibits distinctive and obscure behaviours. In this paper, we approached with 

a model to identify oddity in street traffic by monitoring the vehicle movement designs in two unmistakable 

���� ����	
����� ������ �
	�� 
�� ��� ���� ���
	����� �����
	� ����� ���� ��� ���� ���
	����� ����
	� �ode. The 

���
	����� ����
	� ����� 
�����
���
��� 
�� ��
���� ��
��� ���� ��	�������� ������
��� ������ ���� ����	�
��� ��� ��

vehicle, this strategy is useful to locate the unusual vehicle movement which keep still out and about. The 

dynamic mode vehicle examination is gained from identified and followed vehicle directions to locate the 

strange direction which is distorted from the predominant movement designs. The outcomes from the 

double mode investigations are at long last fused together by driven a distinguishing proof model to get the 

last peculiarity. For this research we are using traffic-net Dataset, VGG19 CNN model along with ImageNet 

weights and OpenCV. 

 1 Introduction  

An ever-increasing number of families presently have 

their own vehicles and going via vehicle has gotten an 

exceptionally normal and advantageous path in day-by-

day metropolitan life. The street condition consequently 

gets extraordinary consideration from the general 

population. Terrible street conditions can make monstrous 

misfortune to the social economy, and compromise the 

individual wellbeing of drivers out and about. With 

generally record the road situations by using traffic 

cameras, it is achievable. what's more, critical to build up 

a strategy to naturally discover the oddities on the streets 

utilizing PC vision procedures. A traffic checking 

framework furnished with these calculations will achieve 

numerous advantages and comforts. On one hand, when 

the inconsistencies occur, a programmed framework can 

advise the traffic police promptly, to tackle the oddities on 

streets at the earliest opportunity. Then again, when 

arranging an outing, data about street conditions can give 

accommodation to the two drivers and travellers.  

Notwithstanding, it is an exceptionally moving assignment 

to plan a PC vision calculation to recognize abnormalities 

in street traffic. One principal reason is that the 

development examples of vehicles on streets are generally 

exceptionally muddled, and distinctive irregular occasions 

may show complex practices. Simultaneously, the 

irregular occasion happens once in a while when 

contrasted with typical occasions. Accordingly, building 

up a productive and compelling clever calculation for 

programmed video abnormality location is a squeezing 

need. Numerous works of irregularity discovery in 

observation recordings must be applied to distinguish 

explicit strange occasions. For example, Mohammedi et al. 

build up a technique to distinguish human viciousness in 

recordings [4]. Additionally, the traffic finders just work 

in exceptionally restricted conditions [3]. With the 

improvement of traffic and video reconnaissance 

advancements, traffic the board frameworks dependent on 

video observation have gotten broadly utilized in rush hour 

gridlock the executives. In the canny preparing of traffic 

data, the discovery and acknowledgment of traffic 

inconsistencies, for example, securing, gridlock, car 

crashes, and unlawful driving have pulled in the 

consideration of numerous analysts because of its 

significance in rush hour gridlock the board. In any case, 

due to the intricacy of traffic camera feed, traffic 

reconnaissance video is helpless against outer factors, for 

example, light, climate, and checks. The constraints of 

existing picture preparing and investigation innovations 
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make the traffic boundaries (flow of the traffic, density of 

traffic, vehicle direction, speed, and so forth) in light of 

traffic video extremely dubious.   

Looking the problem, we noticed it a bit difficult for 

manual surveillance. So, we came up with a proposal 

which is a CNN based surveillance system designed to 

learn for detecting the anomalies in dense traffic 

conditions, which handles of both the dynamic and static 

vehicles. Typically, the vehicles should continue to 

proceed onward the streets aside from certain ordinary 

conditions (e.g., hanging tight for traffic signals). Thusly, 

the static vehicles have higher likelihood for being 

anomalous occasions. By and large, the majority of the 

anomalous occasions in street deals will cause vehicle 

halting. For instance, vehicle slowing down, car crash or 

vehicle sticking. In the interim, the static vehicles can give 

us the exact area of the atypical occasions. To recognize 

the static vehicles from the moving traffic, we acquaint a 

static mode technique with get the running normal of the 

edge succession. Additionally, roused by the incredible 

accomplishment of deep learning in PC vision field, we 

send the deep learning-based strategy for the static vehicle 

identification. Additionally, we designed to further 

recognize the vehicle pictures of accidental pictures  

2 Related Work   

Vehicle monitoring, identification and tracking is the 

essential part in the street traffic scenario examination and 

assumes a significant part in many related applications, for 

example, driver help frameworks. Because of the 

extraordinary achievement of DL innovation, we have 

acquired a gigantic enhancement in image detection fields 

[2] [3] [4]. In this paper, we additionally experimenting the 

DL algorithms for detecting the vehicles and following. 

The detection of anomalies in both dynamic videos of the 

moving vehicles and static images of the traffic dataset 

have been concentrated in the previous years because of 

the expanding revenue in open security [3]. The customary 

techniques typically gain proficiency with the hand-

created highlights to demonstrate the ordinary/anomalous 

occasion designs. As of late, deep learning innovation has 

been created for peculiarity detection as its 

accomplishment in the PC vision field [5].  

In [6], the researchers present a generative 
adversarial network (GAN) based technique to identify 

the inconsistencies in pictures, utilizing just typical 

information to prepare the models. For observation 

recordings, there are a few endeavours to identify human 

savagery or strange occasions in group scenes. a deep 

peculiarity positioning system is used to foresee anomalies 

while testing on the recorded datasets. Since street 

condition assumes a significant part in our day-by-day life, 

recognizing peculiarities on streets has stood out from 

numerous researchers. For this undertaking, the main 

objective is to discover where and when the 

inconsistencies happen.  

M. Schubert et al. [7] propose a mix of methods 

to foresee the event of street mishaps.  The researchers 

present a visual examination structure for the investigation 

of ordinary social models and the detection of peculiar 

occasions. Be that as it may, the new works are intended 

to distinguish a particular strange occasion, and this 

present reality irregularities on streets are convoluted and 

assorted. Subsequently, we plan a novel double model 

strategy to distinguish different street traffic odd occasions 

in genuine scenes, which can have wide use practically 

speaking. Few more pulled in numerous specialists to 

direct top to bottom examination on traffic irregularity 

detection. 

  In, [8] the authors proposed a vehicle vision 

monitoring calculation dependent on PC vision, which 

had high tallying exactness and improved the precision of 

traffic surveillance. Frejlichowski et al. [9] proposed 

another vehicle direction design acknowledgment 

calculation dependent on the Cam shift calculation, which 

can precisely dissect and recognize the illicit leaving or 

unlawful turning of vehicles. Yang [11] successfully 

distinguish traffic occurrences of turnpike scenes by 

utilizing fuzzy logic (FL) by consolidating FL and 

improved steady examination calculations in their 

proposed system. The system breaks down occasions by 

extricating traffic flow data and vehicle speed, yet the 

system detection has few restrictions because of the 

intricacy of conditions of a traffic. In [10] the researchers 

utilized the GPS information of a hire taxi, which also 

including direction and velocity, to recognize gridlock on 

metropolitan streets. Albeit the precision of GPS strategy 

is high, also it has the limitations of significant expense, 

which compelled its application. In-order to identify these 

problems, another calculation that incorporates more 

traffic boundaries is proposed in this paper. The proposed 

calculation cannot just recognize traffic anomalies all the 

more precisely and carefully yet additionally be viable in 

various circumstances.  

3 System Model  

3.1 VGG19 Architecture  

VGGNet is a CNN(Convolutional Neural Network) 

architecture proposed by Karen Simonyan and Andrew 

Zisserman from Oxford university in 2014. This paper 

principally centers around the impact of the CNN 

profundity on its precision. The contribution to VGG 

based convNet is a 224*224 RGB picture. Pre-processing 

layer takes the RGB picture with pixel esteems in the 

scope of 0�255 and deducts the mean picture esteems 

which are determined over the whole ImageNet training 

set. The input pictures subsequent to pre-processing are 

gone through these weight layers. The training pictures 

are gone through a stack of convolution layers. There is 

an aggregate of 13 convolutional layers and 3 fully 

connected layers in VGG16 engineering. VGG has more 

modest channels (3*3) with more profundity as opposed 

to having enormous channels. It has wound up having a 

similar powerful open field as though you just have one 7 

x 7 convolutional layers. Another model of VGGNet has 

E3S Web of Conferences 309, 01226 (2021)
ICMED 2021

https://doi.org/10.1051/e3sconf/202130901226

 

2



19 weight layers comprising of 16 convolutional layers 

with 3 fully connected layers and a similar 5 pooling 

layers. In the two varieties of VGGNet, there comprises 

of two Fully Connected layers with 4096 channels every 

which are trailed by another fully connected layer with 

1000 channels to foresee 1000 marks. The last 

fullyconnected layer utilizes a softmax layer for order 

purposes.  

  

The walk through of 19 layers as follows: The initial two 

layers are convolutional layers with 3*3 channels, and 

initial two layers utilize 64 channels that outcomes in 

224*224*64 volume as same convolutions are utilized. 

The channels are consistently 3*3 with step of 1.  

After this, pooling layer was utilized with max-pool of 2*2 

size and step 2 which lessens tallness and width of a 

volume from 224*224*64 to 112*112*64.   

This is trailed by 2 more convolution layers with 128 

channels. This outcomes in the new component of 

112*112*128.   

Subsequent to pooling layer is utilized, volume is 

decreased to 56*56*128.   

Two more convolution layers are added with 256 channels 

each followed by down inspecting layer that diminishes 

the size to 28*28*256.  

Two more stack each with 3 convolution layer is isolated 

by a maximum pool layer.   

  

  

Fig. 1. VGG19 Architecture  

After the last pooling layer, 7*7*512 volume is 

straightened into Fully Connected (FC) layer with 4096 

channels and softmax yield of 1000 classes.  

3.2 ImageNet  

ImageNet is a project which aims to provide a large image 

database for research purposes. It contains more than 14 

million images which belong to more than 20,000 classes 

(or synsets).   They also provide bounding box annotations 

for around 1 million images, which can be used in Object 

Localization tasks. It should be noted that they only 

provide urls of images and you need to download those 

images.  

3.3 Traffic Net Dataset  

The Traffic-Net dataset is a collection of traffic images 

that provide real-time monitoring, analytics, and alerts 

that will be used to provide a machine learning system 

with the data it needs to detect traffic conditions  [12].   

Using machine learning systems to accustom themselves 

to perception, understanding, and action in any 

environment is one of Deep Quest AI's goals  [12].  

4400 images are contained in the Traffic-Net dataset. The 

recent release includes the following classes: 

� Accident  

� Dense Traffic  

� Fire  

� Sparse Traffic  

The images are divided into different categories with 900 

images for training and 200 for testing. A new set of 

categories will be added in the future and the dataset will 

be improved  [12].  

 

  
Sparse Traffic: Sparse traffic dataset means less traffic or 

no traffic regions   

     

 

Fig. 3. Fire Accident  

Fire Accident: Fire accident dataset is the pictures of 

accidentally burned vehicles.  
  

 

  

Fig .   2 .   Sparse  Traffic   
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Fig. 4. Dense Traffic  

Dense Traffic: Dense traffic dataset is a heavy traffic 

regions dataset.  

  

  
Fig. 5. Accident dataset  
Accident Dataset: Accident vehicles dataset in different 

regions.  

3.4 Optimizer:  

Adam is a deep learning algorithm that replaces stochastic 

gradient descent for the purpose of training models. The 

Adam algorithm combines the qualities of the AdaGrad 

and RMSProp algorithms to produce an optimization 

algorithm capable of handling sparse gradients on noisy 

problems. Adam can be configured quite simply, with 

default parameters that work out most of the time.  

4. Proposed Method:  

 In this section, we are explaining the methodology 

followed to detect and classify the anomalies happened in 

various roads in various countries out of the varied traffic 

data-set. We are proposing an end-to-end deep learning 

architecture for traffic flow and anomalies detection and 

classification. We are experimenting using a VGG19 

Convolutional Neural Network and ImageNet pretrained 

weights to discover the static vehicles on streets, as the 

abnormalities normally lead to vehicle halting. Typically, 

the majority of the inconsistencies on streets are unusual 

vehicle slowing down or vehicle crashes, which both make 

the vehicles stop in/alongside the street. In light of this 

perception, we acquaint a movement investigation strategy 

with discover the static vehicles which are met with 

accidents sometimes which get caught on fire on streets 

and further perceive the anomalous occasions dependent 

on that. The pipeline of peculiarity detection dependent on 

the static vehicle is introduced in Figure 2, 3, 4 5. The 

dataset which is properly bifurcated the data into two 

separate folders i.e., one is test dataset and another one is 

train data set. In each of those training and test dataset is 

categorised the four different scenarios labelled namely 
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we took the training dataset to train the model to classify 

its type of class. In order to train the model, we read all the 

images in each category mentioned above in the training 

directory using the OpenCV library. After reading the 

whole dataset, the images are resized to same height and 

width in pixels. Here in this experiment, we are considering 

it as 300 x 300(height, width). To ease the process the 

whole dataset of images which has 3 channels of every 

image is converted into a binary scale image which means 

converting the image channel from RBG to binary image 

which is giving the range from Zero to One. In same way 

the test directory images also read and resized all the data 

into same shape and converted the images into binary 

images for validation purpose. After aligning the image 

data the pretrained VGG19 model and ImageNet weights 

are taken to create a model which is shown below in Fig.6.  

  

Instead of building the whole convolutional network from 

scratch and initializing weights to create a model we have 

chosen the pretrained model which is VGG19. Any model 

or classifier would at the initial stage be able to detect the 

slant lines whatever the class we expect to classify as the 

first step, according to the intuition of choosing the pre-

trained model. The training of those in every possible 

opportunity to create a Neural network makes no sense. 

The project details that need to be trained will determine 

the abilities of the final layer of the network to identify 

classes. And also, there is one more advantage for using 

pretrained models which is pretrained models are always 

trained on big datasets or data which are not usually 

available to everyone. An example is ImageNet, which 

contains approximately 14 million images, 1.2 million of 

which are assigned to one of 1,000 categories. Thus, we 

would benefit tremendously from making use of these 

models$�&�+��As with our previous experiment, instead of 

repeating the procedure for the first network and starting 

from scratch with random weight values, we can now use 

the saved weight values from the previous experiment as 

the initial weights for our new experiment. In this case, 

weights are initialized using pre-trained networks.  

  

So, here we are taking the pretrained model and on top of 

it we are adding Flatten layer and dense layer. Using 

flatten layer function we flattened all the convoluted 

layers into a 1dimensional linear vector. Later drop out 

technique is used to dropout the nodes of the dense layer 

which is in our case having 1024 neurons in a dense layer 

out of it 30% of the neurons are dropped out at fully 

connected layer-1 and again out of 512 neurons of dense 

layer at fully connected layer 30% of them is dropped out.  
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Fig. 6. VGG19 Pretrained Model  

  

As the data we have chosen is having 4 different classes, 

so that the model has to classify the image of which class 

it belongs to. In order to do that the final layer has chosen 

a dense layer again and used SoftMax activation function 

which is used in the output layer of convolutional neural 

network for multi class classification problems. The model 

summary is shown in above figure-7.  

To compile the model, we have chosen the Adam 

optimization algorithm for stochastic gradient decent the 

AdaGrad and RMSProp algorithms to provide an 

optimization algorithm which adjusts the weights and bias 

of the network to help learning and reduces the loss. We 

have then selected a loss function for our optimization 

function, which is categorical cross entropy, which is 

typically used in multi-class classification problems. The 

purpose of this measure is to compare the probability 

distributions of two events. After the loss function the 

whole agenda is to find out the accuracy and loss 

mitigation of the model we have chosen. To do that we 

have used model.fit() function for fitting the model in 

which we are separating the whole training dataset into 64 

batches and 10 epochs, which means the whole dataset into 

64 parts and passed through the network for 10 iterations.   

  
  

  

Fig. 7. VGG19 Model summary  

For each iteration the whole batch of images passes 

through the network and the optimization function adjusts 

the weights of the matrix and the loss function algorithm 

reduces the loss and checks with validation data. The 

Fitting model is shown in below figure-8.  

 

5. Results  

We successfully implemented the VGG19 model to 

detect the anomalies of the road and achieved model 

accuracy of 95.62% and model loss of 13% in the eighth 

iteration and  
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Fig.8. Trained model  

  

  
Fig. 9. Model Accuracy and Loss graph  

we have achieved the validation accuracy of 86% and 

accuracy loss 45%.  

 

6. Conclusion   

In this paper we present a VGG19 CNN model-based 

traffic anomalies detection in urban traffic environments 

and achieved the highest accuracy of 95.6%. As this 

model is very feasible and accurate, when implements it 

in cloud environments and used for traffic surveillance 

purposes there will be a great chance of communicating 

the helpline at desperate situations and also helps to 

decreases the accident probability.   

 

7. Future Scope  

This research work have a great scope towards self-

driving cars, video surveillance implementation and 

Accident detection system development in loop line 

areas, accident prone zone areas and Ghat roads. This 

research work is continued for further enhancements to 

implement in embedded hardware and cloud 

environments and optimize the code complexity to 

decrease the computing time.  
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Outlier Detection for IoT devices in Indoor Situating 
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Abstract- Internet of Things connects various physical objects and form a network to do the services 
for sensing the physical things without any human intervention. They compute the data, retrieve the 
data by the network connections made through IoT device components such as Sensors, Protocols, 
Address, etc., The Global Positioning System (GPS) is used for localization in outer areas such as 
roads, and ground but cannot be used for Indoor environment. So, while using Indoor Environment, 
finding or locating an object is not possible by GPS. Therefore by using IoT devices such as Wi-Fi 
routers in Indoor Environment can localize the objects. It can be done by using Received Signal 
Strengths (RSSs) from a Wi-Fi router. But by using RSSs in Wi-Fi, there are disturbances, reflections, 
interferences are caused. By using Outlier detection techniques for localization can identify the objects 
clearly without any interruptions, noises, and irregular signal strengths. This paper produces research 
about Indoor Situating Environment and various techniques already used for localization and form the 
effective solution. The several methods used are compared and form a result to make the further 
computation in the Indoor Environment. The Comparison is done in order to find the effective and 
more accurate Machine Learning algorithms used for Indoor Localization. 

1. Introduction 

Indoor Positioning System (IPS) is a technique in 
which locating of the objects or any person inside the 
buildings or indoor environment. Indoor environment 
includes Parking, Smart Cities, Buildings, Airports, 
Underground areas, etc. We already have a Global 
Positioning System (GPS) existing for locating objects 
or persons. But locating any particular thing in any 
location is possible only when that location is outside 
and outer areas. So locating anything inside a building 
or any closure area which have barriers cannot be 
possible. In order to find any particular thing or a 
person, in closed environment i.e. indoor environment, 
a particular mechanism called IoT is used. 

There are other ways which we can use to localize 
such as Bluetooth, GPS, etc., but they are easily 
diverted by the hardware barriers such as roofs, pillars 
and other components of Indoor systems. GPS and 
Bluetooth are accessed by using the signal coming 
from satellites. Those signals are only applicable when 

the connectivity is strong enough to sense the user’s 
location. But within a building or in any closure areas, 
the satellite signals are very weak and cannot be 
reachable. So using a new mechanism called IoT to 
make things easier and efficient. Because IoT devices 
can be kept in home or any buildings and are easy to 
produce a signal. So the signal is always available at 
any areas inside the closure environment. 

IoT devices are the ones which have multiple 
devices to be connected and form a whole big 
connection to make the sensing possible without 
involving any human senses. IoT devices have various 
parts such as Connection, Sensors, Processing and 
User Interfaces. These components help the devices to 
sense things and give result to user, finally contact to 
user for any customization of sensing & whole process. 
In indoor environment we use the IoT device such as 
Wi-Fi router and have access to Wi-Fi network 
Connectivity for locating. Using Wi-Fi connection can 
be done by the received signal strength indicator 
(RSSI) is standardized by IEEE 802.11 which are 

https://doi.org/10.1051/e3sconf/202130E3S Web of Conferences 309, 01024 (2021)
ICMED 2021

901024

   © The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the CreativeCommonsAttribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



already installed in devices such as smart phones, 
tablets, laptops, etc.  

Outliers are the ones which will be arise when 
machine fault, mechanical exceptions or present in 
abnormal locations. When a sample is located in 
unusual place and cannot be found is considered as an 
outlier. Outlier detection refers to detecting the 
abnormal location and find the exactness of it. Outlier 
detection acts as the finding algorithm which is 
unexpected or irrational data from the given IoT values 
of RSS. 

But using Wi-Fi as the case and with RSS values to 
compute the localization in Indoor environment, there 
are certain disadvantages involved. i) Difference in 
Accuracy ii) Radio Signals iii) Placing incorrectly. 

Difference in Accuracy means the positioning of 
Wi-Fi effects RSS values in receiving end. The uneven 
values of RSS will be received whenever there are any 
obstacles, disturbances. Signals coming from Wi-Fi 
connectivity are received in the form of Watts (W), 
milliWatts (mW) or decibel-milliWatts (dBm). 
Received Signals are effected by interventions, 
reflections, diversions, deflection, etc. So thus causing 
the signals to delay and the effect results attenuation of 
the signal inputted. The delay which is caused in the 
signals at received end are attenuated and thus forming 
the irregular RSS values in instance node. This 
irregular and uneven RSS values at receiver’s end will 
cause the accuracy of positioning to be very low.  

Radio Signals in Indoor environment tends to be 
effected by the physical obstacles such as roof tops, 
walls, pillars, etc. Wi-Fi uses the Radio Frequency 
Signals for network computations. Communications 
between connections are also done by Radio signals. 
Location of the node changes with the Signal strengths 
of the radio at the receiving end. 

Placing of Wi-Fi in indoor system have great 
impact on the locating of an object. The abnormal RSS 
values impact the locating in indoor environment. 
Positioning of the Wi-Fi may cause the major 
difference in identifying the object at distances. 
Whenever there is Wi-Fi installed in a building, 
position of it should be such that it can be available all 
over the building. Therefore differ in positioning of 
Wi-Fi follows differ in RSS values in indoor 
environment. So, outlier detection is to be done in 
order to detect these abnormalities and to localize the 
objects correctly.  

2. Methodology 

The related paper [1] introduces a completely unique 
proposal as regards up accuracy with cheap indoor 
positioning systems which are Wi-Fi-based. This can 
be carried out by choosing specific Wi-Fi signal 
channels that area unit not overlapping and area unit 

put through to least obstruction. The resultant received 
signal strength intensity (RSSI) is examined using 
machine learning algorithms like k- Nearest Neighbors 
(KNN), Support Vector Machine (SVM), Artificial 
Neural Networks (ANN), and the finest matched 
algorithmic rule is known. 

 

Fig. 1. Flow chart 

People in various positions in Wi-Fi-enabled 
regions can influence the transmission of channel state 
information (CSI) of Wi-Fi signals to varying degrees. 
As a result of area is split into many little regions, 
classification is used to locate them. As a result, the [2] 
paper recommends a completely unique localization 
algorithmic rule based on Deep Neural Networks 
(DNN) and a multi-model integration technique. There 
are three steps to the strategy. To rectify the aberrant 
data, the native outlier issue (LOF), an anomaly 
identification algorithmic software, is used first. 
Second, three DNN models are trained within the 
coaching section to classify the region fingerprints 
using the processed CSI information from three 
antennas. Finally, in the testing step, a model fusion 
technique known as cluster technique of information 
handling (GMDH) is used to combine three expected 
results from several models and provide the final 
position result. The test-bed experiment was carried 
out in an empty hallway, and the final positioning 
accuracy was at least 97%.  

 

Fig. 2. ModelF Structure 
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In [3], this paper describe the indoor positioning 
issue on the instance of user tracking, whereas 
mistreatment the Bluetooth Low Energy technology 
and received signal strength indicator (RSSI). Authors 
experimented and compared our easy handmade rules 
with the subsequent machine learning algorithms: 

Naive mathematician and Support Vector Machine. 
The goal was to spot actual position of active label 
among 3 possible statuses and deliver the goods most 
accuracy. Finally, they have a tendency to achieved 
accuracy of 0.95. 

Because of the requirement for low-cost indoor 
positioning systems (IPSs), some researchers have 
focused on Wi-Fi-based IPSs, which rely on wireless 
native space network received signal strength (RSS) 
data acquired at different places in inside environments 
known as reference points. 

A fresh new framework for centrosymmetric 
Bregman divergence was planned in this study [4], 
which includes k-nearest neighbour (kNN) 
classification in the signal house. Jensen-Bregman 
divergences, which unify the square geometer and 
Mahalanobis distances with information-theoretic 
Jensen-Shannon divergence measures, were used to 
calculate the target's coordinates as a weighted mixture 
of the closest fingerprints. The performance of the 
intended algorithmic rule was compared to that of the 
probabilistic neural network and variable Kullback-
Leibler divergence to validate the work. The 
established algorithmic rule had a spatial inaccuracy of 
roughly one meter. And the accuracy rate is 90%. 

 

Fig. 3. Location Wi-Fi-based fingerprinting architecture's 
offline and online stages. 

Because of its low cost and high accuracy, the Wi-
Fi process with received signal strength indicator 
(RSSI) has been widely utilized in large indoor 
localization systems.  

The fluctuation of wireless signal caused by 
atmospheric uncertainties, on the other hand, results in 
considerable changes in RSSIs, posing significant 
obstacles to finger print-based indoor localization in 
terms of positioning accuracy. They suggest a top-

down looking strategy using a deep reinforcement 
learning agent to deal with atmospheric dynamics in 
indoor placement using Wi-Fi fingerprints in their 
work [5]. The model learns an action policy that can 
pinpoint seventy-five percent of the targets in a 
25000m2 area within 0.55m2. As a result, the accuracy 
rate is 75%. 

 

Fig. 4. Indoor Localization using a Deep Q-Network 

Deep reinforcement learning (DRL) has recently 
shown to be successful in a variety of application 
domains. It's an appropriate methodology for IoT and 
smart city scenarios where auto-generated information 
is typically partially tagged by user feedback for 
coaching purposes. 

Author’s inclination to present a semi-supervised 
deep reinforcement learning model that meets good 
town applications in [6] paper because it consumes 
both tagged and untagged knowledge to increase the 
training agent's performance and accuracy. For 
generalizing leading policies, the model employs 
Variational Auto-encoders (VAE), which are a product 
of the reasoning engine. The projected model is the 
start inquiry that extends deep reinforcement learning 
to the semi-supervised paradigm, according to the 
simplest of our data. Authors tend to specialize in good 
buildings as a case study of smart town applications, 
and apply the predicted model to the issue of indoor 
localization supported by BLE signal strength. Because 
people spend so much time indoors, indoor localization 
is a critical component of good city services. When 
compared to the supervised DRL model, our model 
learns the simplest action rules that lead to a thorough 
estimation of the target locations with a twenty-third 
improvement in distance to the target and a minimum 
of sixty-seven a lot of received rewards. 
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Fig. 5. A variational autoencoder is a high-level notion used 
in deep reinforcement learning 

For IoT networks, comprehensive detection 
methods are no longer effective, necessitating the 
development of light-weight solutions. PCA 
approaches will assist in reducing computational 
complexity, hence anomaly detection techniques that 
support PCA have garnered a lot of attention in the 
past. PCA approaches, on the other hand, are not 
directly suited to IoT networks with limited resources 
and tightly controlled performance. 

PCA approaches for detective work aberrant 
network traffic in IoT networks are investigated in this 
research [7]. They developed a novel detection theme 
based on two levels of PCA algorithms. The first level 
is for quick detection with a limited number of 
principal elements, while the second level is for 
elaborate detection with a large number of principal 
elements. Authors frequently explore the parameters 
used in a long-distance calculation formula, relying on 
several tests to demonstrate the viability of the 
proposed theme.  

 

Fig. 6. The Detection Flow 

Machine learning (ML) technologies have been 
widely used in recent years to solve localization 
problems with reasonable success. The authors of the 
study [8] intend to provide a complete assessment of 
Machine learning assisted localization approaches that 

make use of common wireless technology. First, the 
authors provide a brief overview of indoor localization 
approaches. They then go over a number of machine 
learning (ML) techniques (supervised and 
unsupervised) that can be used to solve a variety of 
issues in indoor localization, such as the non-line-of-
sight (NLOS) issue, device heterogeneity, and 
environmental fluctuations, all while maintaining a 
high level of quality. The trade-offs among a slew of 
issues are discussed, with a variety of possible 
outcomes. The authors have a tendency to conjointly 
discuss how machine learning algorithms can be 
efficiently used to combine various technologies and 
algorithms to create a comprehensive IPS. In summary, 
this survey might serve as a resource for gathering up-
to-date information on recent advances in machine 
learning for accurate indoor location.  

 

 Fig. 7. Positioning using RSSI readings is graphic   
visualization 

 

Fig. 8. Trilateration-based positioning demonstration. 

The research [9] presents an outlier detection theme 
to reduce anomaly detector data by utilizing outlier 
detection techniques based on wireless sensor network 
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(WSN) based localization problems. The received 
signal strength (RSS), a low-cost and widely available 
activity approach, is commonly used in indoor 
localization systems, however RSS measurements are 
well-known to be sensitive to changes in the 
environment. In the work [9], an outlier detection 
theme is applied to treat aberrant RSS data in order to 
get a large number of reliable observations for 
localization. The usefulness of the planned technique is 
demonstrated in an indoor setting through an 
experiment.  

The study provides a degree outlier detection theme 
to perform internal control of the RSS info and 
knowledge filtering in period of time localization to 
account for the sophisticated RF propagation effects 
with limited resources in WSN-based indoor 
localization. The method [9] has been proved to be 
reliable and successful in handling knowledge that is 
subject to anomalies. According to the findings of the 
experiments, using the outlier detection theme 
improves localization accuracy by 13-30%. As a result, 
the outlier detection theme, as well as the localization 
system, will pave the way for a variety of WSN 
applications such as automated inspection, exploration, 
and context awareness. 

 

Fig. 9. Flowchart of fingerprinting method. 

In crowded urban canyons, the Global Navigation 
Satellite Systems (GNSS) suffer from deterioration and 
outages, making them almost unusable for indoor 
applications. Because of the growing desire for 
omnipresent positioning, designing indoor positioning 
systems has become a fascinating research issue.  

Indoor positioning services have been investigated 
for several years using wireless fidelity technology. In 
the literature, wireless fidelity indoor localization 
systems with a machine learning method are widely 
used. These methods establish up a match between the 
user's fingerprint and a pre-defined grid of grid points 
on the radio map. Fingerprints, on the other hand, are 
copied from accessible Access Points (APs) and 
interference, resulting in a greater variety of identical 
patterns when the user's fingerprint is used.  

The Principle Component Analysis (PCA) is 
utilized in this analysis [10], to improve the 
performance of the wireless fidelity indoor localization 
systems supported machine learning technique and 
reduce the computation value. All of the proposed 

methods were created and implemented using IEEE 
802.11 WLANs on an Android-based smart phone. In 
both static and dynamic modes, the experiment was 
carried out in a highly realistic interior setting. K-
Nearest Neighbors, Decision Tree, Random Forest, and 
Support Vector Machine classifiers were used to 
evaluate the projected methodology's performance. The 
results reveal that the intended methodology 
outperforms several indoor localization methods 
described in the literature. Once victimization Random 
Forest classifier was used in the static mode, the 
calculation time was decreased to seventieth, and once 
victimization KNN was used in the dynamic mode, the 
calculation time was cut in thirty third. 

 

Fig. 10. Proposed system architecture. 

Because of the strong complementarity between 
pedestrian dead reckoning (PDR) and LAN in 
smartphone indoor positioning, a hybrid fusion theme 
of the two is gaining traction. However, LAN outliers 
can decrease the theme's performance; to eliminate 
them, numerous studies are proposed, such as: 
increasing the LAN one by one or strengthening the 
theme. Because of the intrinsic received signal strength 
(RSS) change, the overall picture remains the same, 
but there are still some unremoved outliers. To address 
this issue, this work proposes a primary outlier 
detection and removal technique using Machine 
Learning (ML), dubbed WiFi-AGNES (Agglomerative 
Nesting), which is based on the retrieved LAN 
positional features when the pedestrian is stationary.  

After that, the research [11] provides a second 
outlier identification and elimination approach, dubbed 
WiFi-Chain, which aids in removing the LAN, PDR, 
and their reciprocal features once the pedestrian is 
walking. Finally, a hybrid fusion theme is projected, 
that integrates the 2 projected ways, WiFi, PDR with 
Associate in Nursing inertial-navigation-system-based 
(INS-based) perspective heading arrangement (AHRS) 
via Extended Kalman Filter (EKF), Associate in 
Nursing an Unscented kalman filter (UKF). The 
findings of the experiment reveal that the two proposed 
methods are both effective and powerful. The minimal 
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component of the maximum error (MaxE) is reduced 
by sixty-six percent when WiFi-AGNES is used. The 
MaxE of LAN is a very small quantity less than 4.3 m 
while employing the WiFi-Chain; moreover, the 
intended theme achieves the most effective 
accomplishment, where the base mean sq. error 
(RMSE) is 1.43 m. Furthermore, because 
characteristics are universal, the proposed theme, 
which combines the two characteristic-based 
approaches, has a strong foundation.  

 

Fig. 11. The planned hybrid fusion scheme's architecture. 

In most cases, fingerprint-based positioning is 
employed for indoor positioning. During this 
technique, a radio map is mistreated at the start. Values 
of Received Signal Strength (RSS) taken from 
specified reference points. Because the intended 
position is unknown during positioning, the best match 
between the detected RSS values and existing RSS 
values inside the radio map is determined. Machine 
learning methods are widely used in the positioning 
literature to estimate positions. Finding an adequate 
machine learning rule is one of the most difficult 
problems in indoor positioning systems. Various 
machine learning techniques are compared in terms of 
positioning accuracy and computation time in this 
article [12]. Indoor positioning data from 
UJIIndoorLoc is used in the tests. The k-Nearest 
Neighbor (k-NN) rule is the best matched one 
throughout the positioning, according to experimental 
data. urthermore, ensemble methods such as AdaBoost 
and material are used to improve the performance of 
the choice tree classifier, which is nearly identical to 
that of the k-NN, which is the best classifier for indoor 
placement. 

 

Fig. 12. The new attribute “cell” construction phase. 

3. Comparison 

Research made for the indoor localization environment 
which uses different types of algorithms to localize are 
differentiated and compared given in the following 
table:  

Table 1. Comparison of the Methods used 

Methods Algorithms Accuracy Reference 

IoT Finger 
Print 
device 

kNN, SVM, 
Artificial 
neural 
network

Each 
algorithm 
less than 
75%. 

Reference – 
[1] 

CSI based 
finger 
printing

Deep Neural 
Network 
(DNN)

95% in 
empty 
corridor 

Reference – 
[2] 

Bluetooth 
Low 
Energy 
technology 
and 
received 
signal 
strength 
indicator(R
SSI)

Naive Bayes 
and Support 
Vector 
Machine 

95% by 
using 
RSSI 
filtering 

Reference – 
[3] 

reference 
points, RSS 
values as 
well as 
finger 
prints 

From 
symmetric 
Bregman 
divergence 
and k-
nearest 
neighbor 
(kNN)

90% 
accurate 

Reference – 
[4] 

Wi-Fi 
Fingerprint
s

Top down 
Deep Q-
Network

75% 
accurate 

Reference – 
[5] 

Variational 
Autoencod
ers (VAE)

Semi-
Supervised 
Deep 

67% more 
than 
supervised 

Reference – 
[6] 

https://doi.org/10.1051/e3sconf/202130E3S Web of Conferences 309, 01024 (2021)
ICMED 2021

901024

6



Reinforceme
nt Learning 

learning 

PCs 
selection, 
distance 
measure, 
anomaly 
quick 
detection 

PCA 
techniques 

92% TPR Reference– 
[7] 

Non-line-
of-sight 
(NLOS) 

ML 
techniques 
(supervised 
and 
unsupervised
) 

87% Reference– 
[8] 

WSN-
based 
indoor 
localization 

Hampel 
filter, Kernel 
density 
estimator 
(KDE) 

13∼30% 
improved 
accuracy 
for outlier 
detection 

Reference– 
[9] 

Finger 
prints, pre-
defined 
radio map 

k-Nearest 
Neighbors 
(kNN), 
Decision 
Tree, 
Random 
forest (RF) 
and Support 
vector 
machine 
(SVM) 
classifiers 

Estimatio
n time 
reduced 
70% using 
Random 
Forest in 
static & in 
dynamic 
mode 
33% when 
using 
KNN 

Reference– 
[10] 

Outlier 
detection 
and WiFi-
AGNES 
(Agglomer
ative 
Nesting), 
WiFi-Chain 

Machine 
Learning 
(ML) 

Maximum 
error 
(MaxE) 
reduced 
by 66.5% 

Reference– 
[11] 

WiFi 
fingerprints 

k-Nearest 
Neighbor (k-
NN), J48, 
Naïve 
Bayes, 
Bayes Net 

99% by 
using 
various 
classifiers 

Reference– 
[12] 

 

4. Analysis 

So, by comparing all the methods used in the indoor 
localization environment, more accuracy is possible by 
using multiple algorithms and combination of different 
methods. But by using single methods which are very 
efficient and trendy, gives more accuracy for locating 
in Indoor environment. 

Multiple algorithms used for Indoor Position 
System are k-NN, SVM, Artificial Neural Network 
according to [1]. But it does not have more accuracy 
than 75%. Another reference [3] having multiple 

algorithms uses Naïve Bayes and SVM and have 
accuracy up to 95%. Another study [10] was conducted 
in both static and dynamic modes in a real indoor 
environment. K-Nearest Neighbors (kNN), Decision 
Tree, Random Forest (RF), and Support Vector 
Machine (SVM) classifiers were used to evaluate the 
performance of the suggested technique in [10].The 
research which uses single new algorithm for locating 
of the person or any object in Indoor localization 
environment uses complex deep neural networks. Such 
method is top-down Deep Q-Network in [5] having 
accuracy of 75%. Another research uses Deep Neural 
Network and have 95% accuracy in empty locations 
[2]. 

These methods also uses machine learning 
approaches such as kNN using symmetric Bregman 
Divergence in [4]. PCA techniques are also used for 
localization and got 92% of True Positive Rate (TPR) 
in [7]. 

The researches done in this paper include surveys 
to which all the different types of algorithms consists 
in machine learning are compared and accuracies are 
determined for individual algorithm so that the 
efficient algorithm which localize can be identified. 
The surveys papers [8] and [12] give the comparison of 
every machine learning algorithm and give the more 
accuracy algorithm. In [8] all the possible algorithms 
are mentioned for localization purpose. And in [12] 
some machine learning classifiers are used and are 
compared to find the efficient ones. 

In a real-time indoor localization context, the 
research [9] provides an outlier identification 
methodology for quality control of the RSS valued 
database and data purification. Research [11] consist of 
the outlier detection method by using machine learning 
algorithms and the detected outliers are removed in the 
process. WiFi-AGNES (Agglomerative Nesting) is the 
process used initially for static type of data. Second 
procedure used WiFi-Chain is the method for outlier 
detection and removal. 

5. Conclusion 

By using the surveys which are made in Indoor 
Locating Environment, various accuracies are 
observed. By using this comparison, which methods to 
be used in the indoor systems for available resources is 
found. By observing the differences of each algorithm 
used, accuracy for every method and to which extent 
the accuracy of location of a person or thing is located 
can be seen. So, the ideal algorithms used for Indoor 
Situating Environment for more accuracy and easy 
locating can be identified. Based on the survey 
mentioned in every reference, the possible algorithm 
combinations are also examined. Which will be used 
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for further review of the indoor environment and can 
be accessed using all possible methods. 
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I. Introduction
Indoor Positioning System (IPS) refers to the technology that find
out the location of persons and objects in indoors, similar to a
GPS for indoor surroundings. An IPS is a network of sensors
used to locate persons or things within multistory buildings,
airports, parking garages, and subterranean places. Indoor
object tracking is possible using technologies like Radio
frequency (RF) signals, computer vision, sensor-based
technologies, Wi-Fi, Bluetooth Low-Energy (BLE), Ultrasonic,
and Computer Vision, however building excellent indoor
positioning systems is difficult. The Global Positioning System
(GPS) is a satellite-based global navigation system that provides
information on position, velocity, and time. Due to the lack of
GPS signals and line of sight with circling satellites, navigation in
interior areas is more challenging than it is outside.
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Abstract: Parkinson's disease (PD) is a sophisticated anxiety malady that impairs movement. Symptoms 
emerge gradually, initiating with a slight tremor in only one hand occasionally. Tremors are prevalent, 
although the condition is sometimes associated with stiffness or slowed mobility. In the early degrees of PD, 
your face can also additionally display very little expression. Your fingers won't swing while you walk. 
Your speech can also additionally grow to be gentle or slurred. PD signs and symptoms get worse as your 
circumstance progresses over time. The goal of this study is to test the efficiency of deep learning and 
machine learning approaches in order to identify the most accurate strategy for sensing Parkinson's disease 
at an early stage. In order to measure the average performance most accurately, we compared deep learning 
and machine learning methods. 

1. Introduction 

Parkinson's disease (PD) was first described by Dr. 
Parkinson's as "trembling paralysis". Parkinson's disease 
may be a brain disease that can cause tremor, firmness, 
and staggering, balance, and coordination. The symptoms 
of Parkinson's disease usually develop gradually and get 
degraded over time. As the disease progresses, people 
may find it difficult to walk and talk. You will also 
experience psychological and behavioral changes, as well 
as sleep problems, despondency, unmind fullness and 
fatigue. Parkinson's disease can affect both men and 
women. They are 50% more likely to suffer from this 
disease than women. The main risk factor for Parkinson's 
disease is aging. Although most people get Parkinson's 
disease after the age of 60, there are still 5-10% of people 
who get Parkinson's disease before the age of 60. 50. 
Called "early onset" disease. 

PD occurs when nerve fibers or neurons near the 
brain that control gesture are damaged or die. These 
neurons usually release dopamine, which is an important 
neurotransmitter in the brain. When neurons die or 
become damaged, less dopamine is produced, which 
leads to exercise. Scientists are still not sure what causes 
the death of dopamine-producing cells. Actually, the 
amount of individuals suffering from PD has exceeded 10 
million worldwide. Parkinson’s disease starts with 

different kinds of tremors which are possibly hand 
tremors, limb rigidity and gait inconveniences. These 
tremors are generally distinguished into motor (i.e., 
movement related) and non-motor (i.e., non-movement 
related). Patients with motor symptoms are generally less 
affected than those with non-motor symptoms. Non-
motor symptoms include despondency, insomnia, 

Anosmia, and cognitive ailment. It is important to 
remember that early spotting of Parkinson's disease can 
help control and improve symptoms. The early stages are 
critical to slow down progress and allow patients to 
receive disease-modifying drugs when they are available. 
Early detection of Parkinson' unwellness is important for 
speed the disease' course. Several data-driven methods 
are developed over the years to boost the identification of 
Parkinson' disease. Machine learning, with its data-driven 
methodologies, had brought an amendment within the 
templet within the manner essential info in metallic 
element biomarkers is retrieved and analysed, since it's 
latterly emerged as a possible topic of analysis in each 
academe and trade for the identification of PD. 
Furthermore, machine learning approaches give critical 
information that aids in the classification and diagnosis of 
Parkinson' disease, permitting quicker decision-making. 
so as to resolve the PD detection challenge, several 
machine learning algorithms are utilized in the literature. 
Dysphonia measures, for example, have been used to 
discriminate patients with Parkinson's disease from able-
bodied ones. Because of its capability to extract 
nonlinearity by using nonlinear kernels, the support 
vector machine (SVM) is applied to solely four 
dysphonic options for palladium classification. On the 
idea of acoustic analysis of speech, 2 machine learning 
algorithms, Random Forest (RF) or Support Vector 
Machine (SVM), and a Convolutional neural network 
(CNN), a deep learning model, are wont to determine 
Parkinson' disease. Random forest (RF), Support Vector 
Machine (SVM), and Convolutional Neural Network 
(CNN) results are compared. Deep learning algorithms 
have attracted specific attention in palladium diagnosing 
and getting high accuracy with no assumptions on 
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information distribution due to their ability to manage 
giant amounts of data. 

 Meticulous monitoring of the pre-motor stage in PD 
ensures early identification of PD. Rapid Eye Movement 
(REM) sleep Behavior Disorder (RBD) and sensory 
system loss are common symptoms of this pre-motor 
stage, which differ from typical motor symptoms. This 
paper ambitions to offer a comparative evaluation 
evaluating the maximum superior facts-pushed prediction 
tactics in figuring out PD inside the facts-pushed 
methodologies. Machine studying-primarily based totally 
and deep studying-primarily based totally facts-pushed 
methodologies are contrasted on this paper. A deep 
studying version is created to differentiate regular 
humans from humans with Parkinson's disease. The 
number one purpose of this studies is to offer a 
comparative evaluation and shed mild at the efficacy of 
superior prediction algorithms whilst implemented to 
small PD facts sets. Parkinson's Progression Markers 
Initiative provided the PD data used in this study (PPMI). 
The results showed that when compared to machine 
learning models, developed deep learning has a better 
detection performance in distinguishing normal persons 
from Parkinson's disease patients. 

2. Previous Work/Related Work 

There are many researches going on Parkinson’s disease 

regarding the diagnosis at early stages and also symptoms 
identification through various techniques which can be 
useful for the initiation of therapeutic inventions at an 
early stage and also the strategies to manage them. 
Parkinson’s disease can be analysed by choosing people 

from various platforms such as social media platforms, 
tele-monitoring of the disease using the vocal features 
and also by gathering clinical visits of elder people who 
frequently visit for check-ups with high charges. The 
major goal to be about distinguishing abled-bodies from 
those who have Parkinson's disease. Different 
categorization approaches are also compared for effective 
PD diagnosis. 

[1], The Probabilistic Neural Network (PNN) is used 
in a study to distinguish persons with Parkinson's Disease 
from healthy ones. They primarily used three types of 
PNN models: incremental search (IS), Monte Carlo 
search (MCS), and hybrid search (hybrid search) (HS) 
and these models provided accuracies from 79% to 81% 
for diagnosis of the disease for the people who are not 
diagnosed before. 

The data set they considered is comprised of Bio-
medical vocal measures which are gathered from 31 
candidates among them 23 with the Parkinson’s malady. 
The primary goal of information process is to tell apart 
folks with Parkinson' un-wellness from healthy people, 
with the "status attribute" being changed to non-PD for 
healthy people and atomic number 46 for candidates who 
are diagnosed with Parkinson' disease, leading to a 
classification downside with 2 decisions. 

 
Figure 1. Neural Network Model (Ene, Marius 2008). 

[2], The work presented here is an assessment of the 
value that is applied in practise to current traditional and 
non-traditional metrics for distinguishing people with PD 
from those who are healthy by detecting dysphonia. They 
also introduced Pitch Period Entropy (PPE), a new 
estimate for dysphonia which is used for detecting the 
variations in the frequency of voice. In their research they 
collected Phonations from few people among them most 
of the candidates with PD. The kernel support vector 
machine achieved a 91.4 percent performance. They 
finally concluded that noise ratios when combined with 
non-standard methods are the best methods to 
differentiate PD patients from healthy ones. Though the 
chosen non-standard methods are sturdy when subjected 
to variations in acoustic world they are well suited to tele-
monitoring applications.  

[3], As in the previous work vocal features in 
measuring dysphonia play a major role and those features 
which are drawn out from voice are of various types and 
most of them  co-related their research is two folded 
where 1.Selecting minimal subset of features and 
2.Developing a low-bias predictive model. They used a 
interactive information metric with a permutation test to 
determine the pertinences. Also, in [2,] the standard 
deviation of a classifier's accuracy is exceptionally 
high(35.84%), implying that testing on relatively small 
samples, such as 6 or 7 samples, yielded results of nearly 
100%  accuracy or virtually zero, indicating an inferior 
standard deviation. This is the signal indicating 
acquisition of the training set. And they finally concluded 
that their method generalizes better to unseen tests. As 
per the results, their method performs better even though 
the performance of SVM is inflated when compare to the 
study [2].And the set of all four high ranked features 
which are identified by [2] are poor and also vocal 
features possess higher capability in PD assessment. 

[4], They in comparison many forms of categorization 
structures for correct prognosis of Parkinson's sickness on 
this study. Misdiagnosis is suggested to be excessive as 
25% of the instances because the prognosis of PD could 
be very difficult.The purpose of their research is to 
describe the various approaches to efficiently 
differentiate healthy people. They used SAS base 
software for applying classification methods in the 
diagnosis of PD.A comparative study was carried out by 
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applying 4 individual classification methods which are 
DMneural, Decision tree, Regression and Neural 
Networks. To compute the Performance of classification 
methods different evaluation methods are used. Their 
results proved that Neural Network classification model 
produces best outcomes and its overall performance is 
92.9%.They also compared their results to the outcomes 
that are yielded by kernel SVM’s. This records highest 

classification score than the previous researches. 

 

Figure 2. The applied methods for PD recognition (Das, Resul 
2010). 

[5], This work purpose is to differentiate the PD 
patients and the healthy individuals. Biomedical voice of 
human is used as Parkinson’s dataset. Artificial Neural 
Networks (ANN) are wide utilized within the medical 
specialty trade for modelling, information analysis, and 
diagnostic classification. the 2 varieties of ANNs utilised 
for classification are Multilayer Perceptrons (MLP) and 
Radial Basis operate (RBF) Networks. The choice 
methodology for feature choice from the dataset is that 
the adaptational Neuro-Fuzzy Classifier (ANFC) with 
linguistic hedges. The simplest results from the 
adaptational Neuro-Fuzzy Classifier with linguistic 
hedges are 95.38 % coaching and 94.72 percent testing. 

[6], The aim of this observe is to apply fuzzy c-means 
(FCM) clustering-primarily based totally characteristic 
weighting to come across Parkinson's sickness (PD) 
(FCMFW). Practical values of current conventional and 
non-well known measures had been implemented to the 
enter of FCMFW to differentiate healthful humans from 
people with PD through figuring out dysphonia. The 
essential dreams of the FCM clustering set of rules are to 
convert a linearly non-separable dataset right into a 
linearly separable dataset and to enhance elegance 
discriminating performance. The weighted PD dataset 
comes with a k-nearest neighbour (k-NN) category 
model. The pleasant k-cost became observed through 
searching at how k-values in a k-NN classifier modified 
while it became used to categorize Parkinson sickness 
datasets. Finally, they found that combining the proposed 
weighting approach dubbed FCMFW with the k-NN 
classifier produced the best results in the PD 
classification experiment. 

 
Figure 3. The block diagram of proposed method (Polat, Kemal 
2012). 

[7], In this study, feature selection is critical in 
classification to simplify the model and minimise the 
computational cost, especially when only a few inputs are 
required when the model is put to practical use. It's also 
utilised to make the model more transparent and 
understandable, allowing for a clearer explanation of 
potential diagnoses by removing irrelevant elements from 
the data set, which is a crucial necessity in medical 
applications. Noise can be decreased using the feature 
selection procedure to improve classification accuracy. 
They proposed a function choice method primarily based 
totally on fuzzy entropy measurements on this study, 
which turned into examined along a similarity classifier.  
The version is examined with 4 scientific statistics sets: 
dermatology, Pima-Indian diabetes, breast cancer, and 
Parkinson's disease. The researchers for this work tried to 
manage to get best results by only fewer features from the 
actual four data sets. Classification accuracy has been 
improved  significantly with Parkinson’s and 

dermatology data sets. With only two features out of 22 
original ones, the imply type accuracy with Parkinson's 
statistics set is 85.03 percentage, and with dermatology 
statistics set, the imply accuracy turned into 98.28 
percentage via way of means of using 29 capabilities in 
place of 34 authentic capabilities. Experiments have 
proven that once a function choice approach primarily 
based totally on fuzzy entropy measures is used with a 
similarity classifier, the outcomes are satisfactory. 

 [8], The study's important purpose is to apply a 
synthetic immune gadget to differentiate among 
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wholesome folks and sufferers with Parkinson's disorder 
(PD). Tele-tracking of the disorder making use of 
dysphonia (vocal characteristics) checks is essential with 
inside the premature identity of Parkinson's disorder 
(PD), because the signs of the disorder rise up in aged 
folks for whom direct visits to the health facility are 
bulky and costly. They attempted to capture the valuable 
features of automatic identification, learning, and 
adaptation by drawing inspiration from natural immune 
systems. Training bio inspired CLONCLAS is the base 
algorithm that the developed algorithms have. Satisfiable 
results are obtained from the results showing the 
substantial reliability of approach. Several characteristics 
from the artificial immune systems are extracted from the 
experiments established in this work. Hybridization of the 
immune system algorithms with other approaches such as 
Neural Network or genetic algorithm is the future scope 
for this research. 

 
Figure 4. The clonal selection algorithm (Kihel, Badra   
Khellat, and   Mohamed Benyettou 2011). 

 
Figure 5. Clonclas train (Kihel, Badra   Khellat, and   Mohamed 
Benyettou 2011). 

[9], Parkinson's disease is diagnosed using biomedical 
vocal measures acquired from incessant phonation 
samples. The six specific varieties of function choice 
techniques which are as compared of their studies to get 
the preferred effects are minimum-redundancy, 
maximum-relevancy(MRMR), Bhattacharyya, records 
gain, relief, t-test, and SVM (aid vector 
machine)techniques primarily based totally on recursive 
function elimination (SVM-RFE).Experiments conducted 
shown that 95.13% classification accuracy is obtained 
from SVM-RFE for Parkinson’s disease dataset 

[10], The degree and austerity of Parkinson's disease 
(PD) are essential standards to don't forget whilst making 
remedy selections. The mobility disorder Society-Unified 
Parkinson's Disease Rating Scale (MDS-UPDRS) is a 
beneficial device for assessing the maximum essential 
components of PD, but it does now no longer permit for 
PD staging. The Hoehn and Yahr (HY) scale offers 
staging, even though it does now no longer estimate 
numerous essential components of Parkinson's disease. 
They supplied a story and stronger staging for PD the 
usage of MDS-UPDRS characteristics, the HY scale, and 
developing prediction fashions on this study. They 
assessed the degree (normal, early, or moderate) and 
severity of PD the usage of ordinal logistic regression 
(OLR), guide vector machine (SVM), AdaBoost, and 
RUSBoost-primarily based totally classifiers. Aside from 
that, the price of Random forests functions in PD is 
estimated. The predictive fashions of SVM, Adaboost 
primarily based totally ensemble, Random forests, and 
probabilistic generative version that accomplished 
properly with the AdaBoost-primarily based totally 
ensemble had the nice accuracy of 97.forty six percentage 
of their studies. Body bradykinesia, tremor, facial 
[removed] hypomimia), fidelity of relaxation tremor, and 
handwriting are the maximum not unusualplace signs and 
symptoms of Parkinson's disease (micrographia). Finally, 
they located that once MDS-UPDRS is paired with 
classifiers, powerful equipment for predicting PD staging 
may be produced, which could resource therapists with 
inside the diagnostic process. 

[11], Early identification of Parkinson's malady (PD) 
is regarded critical since it allows for the early 
implementation of treatment therapies and management 
methods. During their study period, however, approaches 
for early diagnosis remained an unmet clinical need in 
PD. The Patient Questionnaire (PQ) phase of the 
Movement Disorder Society-Unified Parkinson's Disease 
Rating Scale (MDS-UPDRS) is used for his or her study. 
As a result, gadget getting to know procedures together 
with logistic regression, random forests, boosted trees, 
and assist vector gadget (SVM) have become more and 
more more distinguished in biomedicine for classifying 
PD from healthful people at an early stage. 

The researchers validate the machine learning 
approaches subject-by-subject and record-by-record. 
Their experiments classified early PD and healthy people 
with good accuracy and a large area under the ROC curve 
(both >95%). The logistic version indicates statistically 
large in shape to the data, suggesting its effectiveness as a 
prediction version. They determined that with the aid of 
using the usage of system mastering strategies to 
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hyperlink the objects of a questionnaire, prediction 
fashions have the capacity to useful resource clinicians 
with inside the prognosis process. 

[12], The primary aim of this look at is to examine 
and evaluate sentiment evaluation of sufferers with 
Parkinson's ailment the use of deep getting to know and 
phrase embedding fashions. This is the primary look at to 
apply phrase embedding fashions and deep getting to 
know algorithms to assess social media for Parkinson's 
ailment. Word2Vec, GloVe, and FastText are phrase 
embedding fashions that may be used to complement 
tweets in phrases of semantics, context, and syntax. 
These are used on this investigation. Convolutional 
Neural Networks (CNNs), Long Short-Term Memory 
Networks (LSTMs), and Recurrent Neural Networks 
(RNNs) are utilized to put into effect the type approach. 
It is concluded that analyzing people's attitudes with the 
aid of using explaining the performance of using phrase 
embedding fashions and deep getting to know algorithms 
affords a useful addition to the remedy technique with a 
93.sixty three percentage accuracy performance. This 
work's researchers additionally aimed to enhance a hybrid 
version that integrates textual and vocal facts recording 
facts if you want to useful resource with inside the early 
detection of Parkinson's ailment.  

[13], Preliminary detection of Parkinson's disease 
(PD) is essential to slow the progression of symptoms 
and ensure therapy for PD patients. The pre-motor stage 
of PD is carefully observed, and Deep Learning 
techniques are introduced based on these pre-motor traits 
to identify if an individual gets impacted with PD or not 
at an early stage.  Many signs used for preliminary 
detection of Parkinson's disease include rapid eye 
movement and loss of smell, dopaminergic imaging 
markers, and cerebrospinal fluid data. The researchers 
compared the recommended deep learning model with 
few machine learning and collaborative learning methods 
that use a tiny amount of data. Including 183 healthy 
people and 401 early-stage Parkinson's disease patients, 
the developed model showed the best detection 
efficiency, with standard accuracy rate of 96.45%. The 
consistency of the characteristics with the method of 
detecting EF is also determined by the amplification 
method. The research conducted in this study shows that 
the developed deep learning model is superior to 12 
machine learning models used to distinguish between 
abled-bodies and Parkinson's disease patients. 

 

Figure 6. Flowchart of the proposed PD detection procedure 
(Wu Wang, Junho Lee, Fouzi Harrou & Ying Sun). 

3. Comparison Study 

The Research works done on Detection of Parkinson’s 

Disease are compared and differentiated in the below 
tabular format. 

Table 1.Tabular Format to Compare and Differentiate the 
Research works done on PD. 

Related 
work 

Research 
purpose 

Algorithms Accuracy 
 

[1] 
 

PNN was 
used to 

distinguish 
persons with 
Parkinson's 

Disease from 
healthy 
persons. 

Three different 
PNN kinds 

were 
employed. 3 
hybrid search 
1. incremental 
search (IS) 2. 
Monte Carlo 
search (MCS) 

3. Hybrid 
search (HS). 

79% - 
81% 

[2] Pitch Period 
Entropy (PPE) 

is used to 
distinguish 

healthy 
persons from 
patients with 
Parkinson's 

disease (PD). 

Kernel support 
vector machine 

(SVM) 

91.4% 

[3] (1) to choose 
a limited 

number of 
features (2) to 

develop a 
bias-free 

forecasting 
model 

Machine to 
Support 

Vectors (SVM) 

92.75% 

[4] 
 

to efficiently 
distinguish 

healthy 
individuals 
from PD 
patients 

DMneural, 
Regression, 

Decision Tree 
and neural 
networks. 

92.9% 

[5] to distinguish There were two 95.38% 
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between 
persons who 
are healthy 

and those who 
have 

Parkinson's 
disease 

types of ANNs 
employed in 
this study. 

1.Multilayer 
Perceptrons 

(MLP) and 2. 
Radial Basis 

Function 
(RBF) 

Networks 

training 
and 

94.72% 
testing 

[6] To identify 
between 

persons who 
are healthy 

and those who 
have 

Parkinson's 
disease 

FCMFW and 
k-NN 

classifiers 

72.16% 
(raw PD 
dataset), 

97.93 
(weighted 

PD 
dataset) 

[7] Fuzzy entropy 
measures are 
used to pick 

features. 

Classifier for 
similarity 

98.28% 
 

[8] Utilizing the 
artificial 
immune 

system to 
distinguish 

between 
healthy ones 

and 
individuals 

with 
Parkinson's 

disease (PWP) 

Bio inspired 
CLONCLAS 

87.50%, 
88.54% 

[9] To compare 
feature 

selection 
strategies for 
Parkinson's 

malady 
diagnosis on 

vocal 
measures. 

Bhattacharyya, 
information 
gain, relief, 
minimum-
redundancy 
maximum-
relevancy 

(MRMR), t-
test, 

SVM,SVM-
RFE 

95.13% 

[10] Using the 
MDS-UPDRS 
features and 

the HY scale, 
present a new 
and better PD 

staging 
system. 

Random 
forests, SVM, 

Adaboost based 
ensemble, and 
probabilistic 
generative 

models. 

 
97.46%. 

[11] to create 
prediction 

models that 
can 

distinguish 
between early 

PD and 
healthy 
normal 

Random 
forests, boosted 

trees, and 
support vector 

machines 
(SVM) and 

logistic 
regression  

>95% 

[12] Using deep 
learning and 

word 
embedding 

models, 
analyse and 

Long Short-
Term Memory 

Networks 
(LSTMNs), 

Convolutional 
Neural 

93.63% 

compare 
people's 

sentiment 
analysis 

concerning 
Parkinson's 

disease. 

Networks 
(CNNs), and 

Recurrent 
Neural 

Networks 
(RNNs) and 
Long short-

term memory 
networks 
(LSTMs)  

[13] to determine 
if a person has 

Parkinson's 
disease or not 
based on pre-

motor 
characteristics 

twelve machine 
learning and 

ensemble 
learning 

methods, as 
well as a deep 
learning model 

96.45% 

From the above comparison table, 
 In the study [1], PNN was used to distinguish persons 

with Parkinson's Disease from healthy persons. Three 
different PNN kinds were employed 1. incremental 
search (IS) 2. Monte Carlo search (MCS) 3.  Hybrid 
search (HS). Among these Hybrid Search has the best 
accuracy with Training accuracy as (81.74 %) Testing 
accuracy as (81.28 %).  

In the study [2], Pitch Period Entropy (PPE) is used to 
distinguish healthy persons from patients with 
Parkinson's disease (PD).  91.4% of classification 
performance is achieved through kernel SVM.  

In the study [3], the research purpose is (1) to choose 
a limited number of features (2) to develop a bias-free 
forecasting model. 92.75% of accuracy is achieved 
through SVM.  

In the study [4], the purpose of the research is to 
efficiently distinguish healthy individuals from PD 
patients by using classification methods like DMneural, 
Regression, and Decision Tree and neural networks. 
92.9% of classification accuracy is achieved through 
neural networks from the above four classification 
methods. 

 In the study [5], There were two types of ANNs 
employed Networks 1. Multilayer Perceptrons (MLP) and 
2. Radial Basis Function (RBF) Networks. 95.38% 
training and 94.72% testing accuracies are achieved for 
the method ANFC-LH.and the total classification 
accuracy achieved through ANFC-LH is 96.77%.  

In the study [6], FCMFW and k-NN classifiers are 
used. FCMFW has achieved classification accuracies 
72.16% with raw PD dataset and 97.93% with weighted 
PD dataset.  

In the study [7], Fuzzy entropy measures are used to 
pick features. 98.28% mean accuracy is achieved through 
similarity classifier with 29 features. 

In the study [8], by Utilizing the artificial immune 
system to distinguish between healthy ones and 
individuals with Parkinson's disease (PWP) the Bio 
inspired CLONCLAS is trained and the results shown are 
100%,100% as training accuracies and 87.50% and 
88.54% as testing accuracies for Euclidian and hamming 
affinities respectively. 

In the study [9], To compare feature selection 
strategies for Parkinson's malady diagnosis on vocal 
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measures the methods used are Bhattacharyya, 
information gain, relief, minimum-redundancy 
maximum-relevancy (MRMR), t-test, SVM, SVM-RFE. 
95.13% is the best accuracy achieved through SVM-RFE. 

In the study [10], the purpose is Using the MDS-
UPDRS features and the HY scale and to present a new 
and better PD staging system. The methods used are 
Random forests, SVM, Adaboost based ensemble, and 
probabilistic generative model are all examples of 
probabilistic generative models. 97.46% is the highest 
accuracy achieved through Adaboost algorithm. 

In the study [11], the purpose is to create prediction 
models that can distinguish between early PD and healthy 
normal. The methods used are Random forests, boosted 
trees, and support vector machines (SVM’s) and logistic 
regression. All these methods produce highest accuracy 
and highest with both greater than 95% under the curve 
ROC.  

In the study [12], the purpose is, using deep learning 
and word embedding models, analyse and compare 
people's sentiment analysis concerning Parkinson's 
disease. Long Short-Term Memory Networks (LSTMNs), 
Convolutional Neural Networks (CNNs), and Recurrent 
Neural Networks (RNNs) and Long short-term memory 
networks (LSTMs). 93.63% of performance is achieved 
by utilizing word embedding models and deep learning 
models in sentiment analysis. 

In the study [13], the purpose is to determine if a 
person has Parkinson's disease or not based on pre-motor 
characteristics. Twelve machine learning and ensemble 
learning methods, as well as a deep learning models are 
used. 96.45% is the highest average accuracy achieved on 
all the models. 

In all the above research works the main focus is to 
distinguish parkinson’s subjects from the healthy ones 

majorly. But the study [13] focuses mainly on early 
detection of PD and feature importance. Though study 
[13] focuses on early detection there is no particular 
method proved to give the best results. So, the future 
work can be focused on the research of the specific 
method which gives highest performance when different 
types of methods such as deep learning models, 
ensembling models and machine learning models are 
considered. 

The following graph shows the accuracy for the 
research works contributed before for diagnosing PD 
using various approaches and various methods as 
described in the above tabular form in correspondence 
with the study. 

 

Figure 7. Graph showing accuracy in correspondence with 
studies from [1] to [13] in PD detection. 

4. Conclusion/Future Work 

According to the literature review, earlier research on 
Parkinson's Disease (PD) has primarily focused on 
distinguishing healthy persons from Parkinson's Disease 
sufferers. PNN, SVMs, Regression models, Decision 
trees, artificial immune systems (CONCLAS), ANN, k-
NN, FCMFW, and other methods are utilised to 
distinguish healthy people from PD patients. And 
additionally models are developed to spot Parkinson’s 

unwellness at AN early stage corresponding to SVM’s, 

CNN, RNN, LSTM’s, ensemble strategies and so on it's 
inferred that within the recent works published, although 
numerous methods are used for detective work palladium 
at an early stage, the performance measures may be valid 
as a key side in with efficiency distinctive the palladium 
at an early stage.So, the future work can be contributed 
with enhanced performance measures than the previous 
ones depicting that it was the best desired model in PD 
detection. Apart from this feature selection and feature 
importance can also be considered as the major scope of 
work to be concentrated as considerably less work is 
contributed in this aspect. The main focus of future work 
can be on evaluating the performance metrics for the 
Machine learning models, deep learning models and 
some ensembling techniques and the best performance is 
to be evaluated by considering the evaluation metrics and 
the method which gives highest accuracy can be 
considered as the best method in early detection of PD 
disease. Feature importance is also to be concentrated for 
future work as it has broader scope in research aspects in 
detecting PD accurately. 
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I. Introduction
Dr. Parkinson was the first to discover Parkinson's disease (PD).
Parkinson's disease is described as "paralysis." Parkinson's
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Parkinson's disease can strike anyone, regardless of gender.
They are 50 percent more prone than women to develop this
condition. The major cause of Parkinson's disease is age. 5-10%
of people have the PD before 60 which is "early onset" disease.
But majority of individuals develop PD after the age 60.
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I. INTRODUCTION
White cells of various kinds are present in the human body.
Leukemia is a platelet-damaging condition marked by an
increase in the number of white blood cells, the majority of those
are young adult cells, which corrupts other cells. In today's world,
lab studies take a longer duration to break down leukemia
conditions, which is also dull, monotonous, and tedious. The ratio
of white platelets to RBC in the human body is 1000:1, which
implies that for every thousand RBC, one white platelet is
produced. As a result, the quantity of white platelets in the blood
rapidly grows, and the person is diagnosed with leukemia. When
the number of white cells in the body increases, these young
cells begin to annihilate the rest of the body's cells.
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Abstract. Prediction of a cardiovascular diseases has always a tedious challenge for doctors and medical 
practitioners. Most of the practitioners and hospital staff offers expensive medication, care and surgeries to treat the 
cardiovascular patients. At early-stage of prediction of heart-oriented problems will be giving a chance of survival by 
taking necessary precautions. Over the years there are different types of methodologies were proposed to predict the 
cardiovascular diseases one of the best methodologies is a Machine learning approach. These years many scientific 
advancements take place in the Artificial Intelligence, Machine learning, and Deep learning which gives an extra push 
up to help and implement the path in the field of medical image processing and medical data analysis. By using the 
enormous dataset from various medical experts used to help the researchers to predict the coronary problems prior to 
happening. Many researchers have tried and implemented different machine learning algorithms to automate the 
prediction analysis using the enormous number of datasets. There are numerous algorithms and procedures to predict 
the cardiovascular diseases and accessible to be specific Classification methods including Artificial Neural Networks 
(AI), Decision tree (DT), Support vector machine (SVM), Genetic algorithm (GA), Neural network (NN), Naive 
Bayes (NB) and Clustering algorithms like K-NN. A few examinations have been done for creating expectation 
models utilizing singular procedures and additionally concatenating at least two strategies. This paper gives a speedy 
and simple survey and knowledge of approachable prediction models using different researchers work from 2004 to 
2019. The examination indicates the precision of individual experiments done by various researchers. 

1 Introduction  

The heart is a significant organ which plays 
crucial part of every living being especially in humans. It 
pumps blood to all parts of our life systems. In case of 
failing to pumpor doesn’t work accurately, the mind and 
different organs will quit working, and inside couple of 
moments, the individual will pass on. Changes in way of 
life, business related pressure, and terrible food 
propensities add to the expansion in the pace of a few 
heart-related sicknesses. 

Heart sicknesses have arisen as perhaps the 
most unmistakable reasons for death all around the 
planet. The expanding populace in heftiness and 
smoking, the mortality from coronary sicknesses is 
slowly on the ascent, which has gotten the "best 
executioner" that compromises human wellbeing 
contrasted with malignant growth, Helps, and different 
illnesses, whatever age, character or area. As per WHO 
Coronary-related issues are responsible for the death of 
17.7 million people every year, around 31% of 
worldwide death mortality.Especially in India, coronary 
illness became primary cause of mortality. Coronary 
problems causes the death of 1.7 million in 2016, In 
2016 Global Burden of Disease Report, issued on 15th 
September 2017.  

Coronary illness analytics states that the 
expenditure on hospitalization and treatment is gradually 
increased compared to the previous years and also 
diminishesthe survival rate of a person. Evaluations of 
WHO, explains that in India cardiac patients has spent 
around $237 billion, in the span of 10 years from 2005-
2015. In this way, attainable and precise expectation of 
coronary related illness is vital. 

      The health care industry and health care 
research organisations collects the abundant data of 
patients,in which DM techniques are not used. The 
clinical data of the patients have covered up designs that 
are fundamental for data examination in the location of 
coronary illness. Coronary illness is a main source of 
death worldwide for as far back as 15 years. As the heart 
pumps the blood there is a possibility of on and off 
condition comes when the blood circulates inside the 
body which is inadequate, the rest of the organs inside 
the patient body especially brain and heart stops 
working, which causes the sudden death in few seconds. 
The importantelements are distinguished as age, 
hypertension, diabetes, family ancestry, tobacco, 
smoking, very high levels of cholesterol, daily routine of 
alcohol, actual dormancy, stoutness, chest torment, and 
eating junk food routine[1].  

Data gathered by inspecting the verified records 
of the inpatient.it is feasible to separate the details and 
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Abstract: Solar power is the conversion of sunlight into electricity using solar photovoltaic cells as a source 
of energy. There are various applications for solar power; here is information on PV cell generation. We seek 
to understand the behavior of solar power plants through the data generated by the photovoltaic modules and 
the power generation in different weather conditions in India. The goal of this survey is to give a thorough 
assessment and study of machine learning, deep learning and artificial intelligence. Artificial intelligence (AI) 
models as well as information preprocessing techniques, parameter selection algorithms and predictive 
performance evaluations are used in machine learning and deep learning models for predicting renewable 
energies. But in case of time series data we can predict only the errors using a linear regression model, we can 
also calculate things like root mean square error (RMSE), mean absolute error (MSE), mean bias error (MBE) 
and mean absolute percentage error (MAPE). By the analysis of weather condition also we can predict the 
consumption of current by solar for every 15 minutes, 1day, and 1week or even for 1 month and find the 
accuracy.

1. Introduction

Solar energy has many benefits, including its sensitivity to 
imitative circumstances such as increasing oil prices, its 
renewable nature, and its ability to reduce imports and 
dependence on foreign resources. Despite the fact that 
photovoltaic cells are recognized as the significant source 
of potential energy production, their low return on 
investment and high upfront costs keeps them from 
becoming widely used. Since photovoltaic cells generate 
electricity by converting solar energy into electrical 
energy, the amount of solar energy produced every day is 
important to the size of the photovoltaic system, because 
the amount of solar radiation determines the amount of 

electricity produced every day. This is influenced by 
factors such as place, time, and weather patterns. Solar 
irradiance is the power obtained per unit area from the Sun 
via electromagnetic radiation in the wavelength range of 
the solar cell that is in use [13].  

Here we seek and analyzed India as a place and the 
temperature power plants as consideration based on 
weather condition in India. According to power generation 
commissioning statistics, solar plants have the largest 
installed capacity growth dynamics among renewable 
energy power plants. Making realistic solar generation 
projections for the day ahead view is becoming an 
increasingly critical issue in many places throughout the 
world at the current level of power system development.

Major grid [17] integration is difficult because renewable 
energy is irregular and uncontrollable. Households in India 
can now use almost any amount of energy due to the recent 
electric grid at any moment, but it is not equipped for large 
quantities of uncontrollable generation [10] at this time. As 
it is converting solar radiance into power we don’t get that 
how much power is emitted for different location, time, and 
weather. For this type of clarification machine learning 
techniques are used in order to differentiate it for different 
conditions.  

Machine-learning techniques are wide applied to 
several fields where it can separate the weather based 
power. Machine-learning techniques are wide applied to 
several fields related to data-driven issues. Machine-
learning techniques embrace several knowledge domain 
areas, like statistics, arithmetic, Ann, data processing, 
optimization, and computation are all terms that come to 
mind when thinking about artificial neural networks [18].  

Deep learning, a sub-field of machine learning, has 
been blooming recently due to the rapid expansion of data 
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technology in hardware and code. Deep Learning 
calculations have only been used sparingly in the past for 
determining environmentally friendly power plants. We 
present these amazing calculations in the field of 
sustainable power determining by utilizing distinct Deep 
learning and ANN[16] calculations, such as DBN, Auto 
Encoder, and LSTM. In our tests, we integrated these 
calculations to show how effective they are in calculating 
the energy yield of solar-powered power plants as 
compared to a traditional MLP and an actual anticipating 
model. Our outcomes utilizing Deep Learning calculations 
show a better determining execution thought about than 
Artificial Neural Networks, like other reference models 
including such actual models, are artificial neural networks. 
In the literature, these models are compared with selected 
machine learning methods and are available predictive 
models. Using the mean square error, the proposed cloud 
classification ensemble model reduces the mean square 
error by 10.49%, 7.78% and 7.95% respectively, with deep 
belief networks, support vector regression and random 
forest [15] regression models. The use of weather 
parameters to forecast solar power generation is suggested 
as an Artificial Neural Network (ANN). This discussion 
describes the techniques used to predict renewable energy 
in machine learning models, including data preprocessing 
techniques, parameter selection algorithms, and predictive 
performance measurement. 

2. Related Work 

Energy is now the primary source of socioeconomic 
growth. However, because of the increasing rate of 
environmental concern, renewable energy is attracting a lot 
of attention. Related to the ongoing depletion of fossil 
fuels, this alternative energy source is gaining in 
popularity. That is the energy that comes from the sun, 
wind, rain, and other natural sources [3].To generate 
electricity at power plants, electromechanical generators 
are used, and they are mostly driven by chemical 
combustion or even nuclear fission heat engines, but also 
by alternative energy sources such as kinetic energy from 
flowing water and wind. There are numerous other 
technologies, such as solar photovoltaic and geothermal 
power, can and are used to produce electricity. Using 
thermal power: This method is used in thermocouples, 
thermopiles, and thermionic converters to convert 
temperature differences directly to power. Thermal power 
station is a power plant with a steam-driven primary 
mover. The water is heated and turned into steam, which 
powers an electrical generator by spinning a steam turbine. 
The steam is concentrated in a condenser and returned to 
where it was heated after passing through the turbine; this 
is known as the Rankine cycle. Using Wind power: The 
development of either lift or drag force is one of the two 
primary physical values by which energy can be extracted 
from the wind. Hydrostatic pressure, which are the forces 

felt by a person exposed to the wind, are the most obvious 
means of propulsion. Buzz forces are the most effective 
mode of propulsion, but they are less well known than drag 
forces due to their sensitivity. Using Nuclear power: 
Charged particles are created and accelerated (examples: 
beta voltaic or alpha partial emission. In a nuclear power 
plant, uranium is first formed into pellets, then into long 
rods. Submerging the uranium rods in water keeps them 
cold. When they are taken out of the water, a nuclear 
reaction occurs, resulting in heat. Rising and lowering the 
thermostat regulates the amount of heat necessary. Using 
solar power: The photoelectric effect, as seen in solar cells, 
is responsible for converting light into electrical energy. 
Since the solar array will stay aligned to the sun, solar 
monitoring allows for further energy production. To 
improve performance, a solar system's power production 
should be maximized. To get the most power out of your 
solar panels, make sure they're aligned with the sun. 

Cluster analysis [8] using nRMSE (Normalized Root 
Mean Square Error), nMAE (Mean Absolute Error) and 
nMBE (Mean bias error) solar generation 8.80, 4.06 and -
1.01. By using successful feature selection or extraction, 
you can boost the forecasting efficiency even more. In 
addition, a [12] new hybrid forecasting method is being 
developed and tested, which integrates well-known 
forecasting strategies [7]. The mixed model is created after 
no discrete method is better than all four seasons. 
According to RSME, the error of all simulations is 7.210% 
in summer, 6.921% in early autumn, 8.62% in spring and 
9.37% in winter. The results show that a simple 
combination of many excellent models can provide more 
reliable predictions than either method. We’ve got been 
ready to cut back the error rate from concerning within the 
persistent ideal, to 15.1% from the Foreign Intelligence 
Service model, and to 11.8% from the cnn. Similarity 
features, which are effective in the SVR model, do not 
improve the deep learning model [9]. 

For example we take the north china place the winter 
days based on the climatic characteristics of North China. 
For each classification, a random forest algorithm-based 
forecasting model is created [10]. Separately, three other 
models in addition to the one proposed. Methods for 
predicting regular power generation and evaluate the 
performance of the Zhonghu PV station in northern China 
are described. The model achieves mean absolute 
percentage errors of less than 2.831 % and 3.1 percent in 
empirical data due to its capacity to by balancing decision 
trees, you can reduce the risk of overfitting. The following 
conclusions are based on empirical findings:   
(1) The projected model's MAPE standards for both sunny 
and cloudy days square measure as low as 2.831 % and 
3.890 %.   
(2) When it's raining or snowing, the prediction errors of 
the projected model square measure are greater than they 
are in other circumstances. In those days, the prediction 
exactitude may increasing the size coaching samples and 
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playing subdivision will help. (3) Manual interference with 
neighbor classifications can increase the accuracy of 
prediction for sorting transformation days. 
(4) In practically every classification, for nearly all error 
analysis metrics, the predicted model outperforms the other 
three strategies. 

Both the artificial neural network and deep neural 
network models studied outperform the PPVFM in terms of 
efficiency [1]. The Auto-LSTM[11] is the best DNN 
model. With an average RMSE of 0.071, an average MAE 
of 0.036, and an average absolute deviation of 0:2765, it 
has the highest score. The greatest BIAS values are seen in 
the MLP. Using current air temperature and mean daily 
solar irradiance, they employed Multi-Layer Perceptron 
(MLP) to estimate the hourly forecast of solar radiation 
[13]. On unseen test data, the DBN achieves the best 
correlation, while the Auto-LSTM achieves the best 
correlation on training data. 

Whereas the cloudy version suits the overall sample of 
the climate, it often predicts incorrectly. When the climate 
shifts, which occurs nearly each day, PPF's effects are 
inaccurate [2]. SVM-RBF with decreased features, on the 
alternative hand, produces a miles extra correct version. 
The RMSE mistakes for every version imply this: SVM-
RBF with 4 dimensions has an RMS-Error of 128 amps, at 
the same time as hazy and PPF have RMS-Errors of a 
hundred seventy five and 261, respectively. As a 
consequence, the 4-dimensional SVM-RBF version is 27% 
extra correct than the easy cloudy version and 50.9% extra 
correct than the PPF version [3]. Using the fuzzy logic 
method, the average error was calculated is 1.92 %, while 
the average error obtained using the ANN method is 2.62 
%. 

Random forest is part of machine learning algorithm a 
random forest is an estimator of some sort, that can fit 
several decision trees for different sub-samples of a dataset 
[4]. To get the best algorithm parameters, the hyper 
parameters tuning in Random Forest Classification 
approach was utilized [15]. In our case, both the number of 
decision trees in a forest and the number of landscapes 
fitted by a single decision tree are hyper parameters. This 
algorithm is sufficiently accurate, with a state recognition 
accuracy of 73%.  

The Kernel function is used in Support Vector 
Regressor (SVR) to map input forms into a higher-
dimensional space where output patterns can be found and 
become linearly divisible, allowing pattern extraction by 
fitting linearly. The aim is to find the best possible match, 
which can be challenging [9]. Assumed the shape of an 
optimization problem. Similar weather conditions, 
according to KNN, may result in alike PV power 
generation. As a result, the historical dataset can be viewed 
as a series of cause-and-effect relationships. Predicting 
future Photovoltaic power generation can be reduced to 
finding K feature vectors in the past database that are the 
closest neighbors to those who were present at the time 

interest. Knn has a lower percentage of error than nrsme, 
which is around 6.2 % and provides an approximate 
accuracy of 70% to 80%. A fixed input network with a 
single hidden layer is used as a back propagation neural 
network [14]. The input and output vectors' dimensions can 
be used to measure the neurons in the input and output 
layers automatically [1]. The initialization of weights and 
thresholds is performed at random, with an error rate of 
8%. 

To combine the outcomes of approximately the well-
performing uncorrelated techniques into a weighted 
average as a single forecast the first step is to implement 
and evaluate all ten forecasting models. The hybrid model 
has the highest average performance of all the methods, 
with a yearly nRMSE of just 6.74 percent. CNNs have also 
been shown to improve efficiency while requiring less 
memory, all neurons in adjacent layers are connected in 
completely connected neural networks [8]. As a result, 
completely related neural networks have an enormous 
number of model parameters.  

Long short term memory (LSTM) is a recurrent neural 
network (RNN) type that has successfully addressed the 
conventional RNN's vanishing gradient problem, which 
makes it difficult to detect and use useful features 
occurring early in input sequences. Here the combination 
of cnn+lstm gives MAPE 19.2%.The most basic 
methodology for estimating the next day's power 
production is calculated using linear or non-linear 
regression methods such as logistic regression or SVR and 
is dependent on inputs such as irradiation, temperature, and 
power output obtained the day before. Whereas svr is 
having a MAPE of 49.1%. 

3. Flow chart for solar power generation  

 

Fig.1 Flow chart 
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4. Methodology 

4.1 Deep Learning Techniques 

Consumption of power has become as additional and there 
are more regenerative generators included into the power 
grid, there has been an increase of interest in methods for 
regenerative power forecasting over the last decade [1]. 

4.1.1Auto LSTM:  

The Auto-LSTM algorithm blends an Auto Encoder’s 
function learning with an LSTM's temporal context 
utilization. The Auto-error LSTM's increases as more time 
measures are considered during the forecast. It's worth 
noting that when two previous time phases are factored into 
the prediction, the RMSE jumps dramatically [1].CNN is a 
deep learning neural network used to process organized 
data matrices, such as views. Lines, gradients, circles, and 
even eyes and faces are very effective in recognizing the 
design in the input image [5]. 

 

 

Fig.2 CNN and LSTM architecture 

4.1.2 Deep Neural Networks: 

 DNN has proven its worth in a variety of fields, including 
representation learning and time series forecasting. To 
name a few, DNN claims Speech and picture recognition, 
machine translation, and financial time series forecasting 
are just a few of the applications. It is used to forecast solar 
power output [11]. 

 

Fig.3 Layers differentiation of DNN 

4.1.3 Deep Belief Network (DBN): 

Deep belief network (DBN) models began to gain 
popularity. To forecast monthly solar power output data, a 
seasonal deep belief network (SDBN) was created in this 
study. By merging the seasonal decomposition approach 
and the DBN, the SDBN was created. Furthermore, data on 
monthly solar power generation was employed in this 
study. 

Foretelling is a two-step approach [1]: 
1) To reduce the dimensionality of the input data set, the 
DBN uses feature learning. 
2) To perform forecasting, a new layer is added, such as the 
linear layer. 

 

Fig.4 Deep belief network model 

4.2 Machine Learning Techniques 

4.2.1 Support Vectors Machine: 

Then, we investigate a variety of supervised learning 
methods based on SVM. These methods, which create 
hyperplanes in a multidimensional space, have currently 
been approved to be used in indexing and regression 
analysis. The kernel function and parameters used 
determine the accuracy of svm regression. In our work, we 
investigated three distinct SVM kernel functions are Linear 
Kernel, a Polynomial Kernel and a Radial Basis Function 
(RBF) kernel [2].  
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Fig.5 Hyperplane separating data points in SVM 

4.2.2 K Nearest Neighbors (Knn):  

KNN assumes that similar temperature variations will 
occur in the future. Would result in PV energy clusters that 
are comparable. Forecasting future PV power generation 
with an accuracy of about 81 % can be reduced to 
searching the past database for K feature vectors that are 
closest neighbors to those of the time of interest.  
     

 

Fig.6 Partition and finding the nearest value in KNN 

4.2.3 Random Forest:  

Random Forest is an ensemble technique that can be used 
to classify or predict data productivities of a variety of 
unrelated decision tree subsystems. The random forest 
estimates that the precision is about 79%. These techniques 
can be used to map nonlinear interactions again [19]. 

 

Fig.7 Random forest final results based on decision trees 

4.2.4 Linear Regression Model:  

Linear regression is a machine learning approach for 
supervised learning. It performs a regressive mission. 
Using the independent variables as a guide, regression 
models attempt to predict the value. Its main use is for 
forecasting and determining the relationship between 
variables. 

 

Fig.8 Linear regression model 
 
4.3 Artificial Neural Networks 
 
 MATLAB was used to carry out the research. Fuzzy logic 
and Ann techniques[18] were both found to be effective in 
that their findings matched the characteristic of a real solar 
PV array [3]. These will be put to use to forecast and test 
the overall reliability of the solar power plant. They 
perform on three sets of data: training, testing, and 
validation. The MLR model's performance is substantially 
improved when classification variables and interactions 
between variables are used, but this is not the case with the 
ANN model [7]. 
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4.3.1 Fuzzy Logic: 

 When combined with high-performance computer 
processors, allows for reasonable accuracy estimates of 
solar plant outputs while also allowing for system 
flexibility to adjust for natural events. The MATLAB 
software was used to construct the load forecasting system, 
which is based on fuzzy logic. The model has two inputs 
and one output and represents solar irradiance, ambient 
temperature, humidity and output power [3]. 

 

Fig.9 Fuzzy logic model 

4.3.2 Multiple Linear Regression: 

An ANN[16], as opposed to a multiple linear regression 
(MLR) model, a statistical method for assessing a non-
linear connection between one or more inputs and 
outcomes. The artificial neural network[6] has been used to 
model, identify, and forecast complex systems. 
     

 

Fig.10 Multi linear regression 

5. Comparison 

5.1 Comparison of methods used: 

Table 1. Model Prediction of RMSE, MAE, MAPE, and MBE 

Model  RMSE  MAE 
MAP

E 
MBE 

Referen
ce 

MLP(mul 0.0889  -  -  -  1

tilayer 
perceptro

n) 
LSTM 0.0816 - -  - 1

Clusterin
g based 
on solar 

generatio
n 

8.80  4.60   -1.01  5 

Clusterin
g based 

on 
weather 
variables 

8.61  3.77  -  -0.53 

5

 

 

ANN 0.067 - -  -- 6

MLR(mu
lti linear 
regressio

n) 

0.738  -  -  -  6 

SVR(sup
port 

vector 
regressor

) 

0.122  0.099  40.03  -  8 

RFR(ran
dom 

forest 
regressor

) 

0.178  0.1378  67.58  -  8 

CNN+LS
TM 

0.098  0.0568  13.42  -  8 

SP(SMA
RT 

PERSIST
NACE) 

0.135  0.071   0.023  11 

DBN(dee
p belief 

network) 
0.0390  0.0138   

0.002
44 

11 

SVM(sup
port 

vector 
machine) 

0.034  0.012   
0.007

77 
11 

RF(Rand
om 

Forest) 
0.033  0.0099   

0.000
351 

11 
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5.2 Graphs comparison based on weather conditions 
with temperature values:  
 

 

Fig.11 Mean of solar radiance in summer season. 

 

 

Fig.12 Mean of solar radiance in rainy season 

 

 

Fig.13 Mean of solar radiance in winter season 

Here fig 11, 12, 13 gives the comparative analysis of 
different models that are used like fuzzy logic, artificial 
neural network, support vector machine, random forest, 
multiple linear regressor and Convolutional Neural Network 
results for different temperature based on seasonal effects  with 
power generated for each day. 

7. Conclusion 

In this we conclude that it gives the partial analysis of solar 
power generation or forecasting based on different weather 
conditions. Different types of solar and wind dataset are 
considered for different seasons like summer (April to 
June), rainy (July to November) and winter (December to 
January) these are all about Indian weather condition. In 
order to get best results for diverse climatic condition for 
every hour for future betterment of analyzing power 
generation in different climatic condition machine learning 
give better results according to deep learning and artificial 
intelligence. 
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Abstract: Solar power is the conversion of sunlight into electricity using solar photovoltaic cells as a source 
of energy. There are various applications for solar power; here is information on PV cell generation. We seek 
to understand the behavior of solar power plants through the data generated by the photovoltaic modules and 
the power generation in different weather conditions in India. The goal of this survey is to give a thorough 
assessment and study of machine learning, deep learning and artificial intelligence. Artificial intelligence (AI) 
models as well as information preprocessing techniques, parameter selection algorithms and predictive 
performance evaluations are used in machine learning and deep learning models for predicting renewable 
energies. But in case of time series data we can predict only the errors using a linear regression model, we can 
also calculate things like root mean square error (RMSE), mean absolute error (MSE), mean bias error (MBE) 
and mean absolute percentage error (MAPE). By the analysis of weather condition also we can predict the 
consumption of current by solar for every 15 minutes, 1day, and 1week or even for 1 month and find the 
accuracy.

1. Introduction

Solar energy has many benefits, including its sensitivity to 
imitative circumstances such as increasing oil prices, its 
renewable nature, and its ability to reduce imports and 
dependence on foreign resources. Despite the fact that 
photovoltaic cells are recognized as the significant source 
of potential energy production, their low return on 
investment and high upfront costs keeps them from 
becoming widely used. Since photovoltaic cells generate 
electricity by converting solar energy into electrical 
energy, the amount of solar energy produced every day is 
important to the size of the photovoltaic system, because 
the amount of solar radiation determines the amount of 

electricity produced every day. This is influenced by 
factors such as place, time, and weather patterns. Solar 
irradiance is the power obtained per unit area from the Sun 
via electromagnetic radiation in the wavelength range of 
the solar cell that is in use [13].  

Here we seek and analyzed India as a place and the 
temperature power plants as consideration based on 
weather condition in India. According to power generation 
commissioning statistics, solar plants have the largest 
installed capacity growth dynamics among renewable 
energy power plants. Making realistic solar generation 
projections for the day ahead view is becoming an 
increasingly critical issue in many places throughout the 
world at the current level of power system development.

Major grid [17] integration is difficult because renewable 
energy is irregular and uncontrollable. Households in India 
can now use almost any amount of energy due to the recent 
electric grid at any moment, but it is not equipped for large 
quantities of uncontrollable generation [10] at this time. As 
it is converting solar radiance into power we don’t get that 
how much power is emitted for different location, time, and 
weather. For this type of clarification machine learning 
techniques are used in order to differentiate it for different 
conditions.  

Machine-learning techniques are wide applied to 
several fields where it can separate the weather based 
power. Machine-learning techniques are wide applied to 
several fields related to data-driven issues. Machine-
learning techniques embrace several knowledge domain 
areas, like statistics, arithmetic, Ann, data processing, 
optimization, and computation are all terms that come to 
mind when thinking about artificial neural networks [18].  

Deep learning, a sub-field of machine learning, has 
been blooming recently due to the rapid expansion of data 
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technology in hardware and code. Deep Learning 
calculations have only been used sparingly in the past for 
determining environmentally friendly power plants. We 
present these amazing calculations in the field of 
sustainable power determining by utilizing distinct Deep 
learning and ANN[16] calculations, such as DBN, Auto 
Encoder, and LSTM. In our tests, we integrated these 
calculations to show how effective they are in calculating 
the energy yield of solar-powered power plants as 
compared to a traditional MLP and an actual anticipating 
model. Our outcomes utilizing Deep Learning calculations 
show a better determining execution thought about than 
Artificial Neural Networks, like other reference models 
including such actual models, are artificial neural networks. 
In the literature, these models are compared with selected 
machine learning methods and are available predictive 
models. Using the mean square error, the proposed cloud 
classification ensemble model reduces the mean square 
error by 10.49%, 7.78% and 7.95% respectively, with deep 
belief networks, support vector regression and random 
forest [15] regression models. The use of weather 
parameters to forecast solar power generation is suggested 
as an Artificial Neural Network (ANN). This discussion 
describes the techniques used to predict renewable energy 
in machine learning models, including data preprocessing 
techniques, parameter selection algorithms, and predictive 
performance measurement. 

2. Related Work 

Energy is now the primary source of socioeconomic 
growth. However, because of the increasing rate of 
environmental concern, renewable energy is attracting a lot 
of attention. Related to the ongoing depletion of fossil 
fuels, this alternative energy source is gaining in 
popularity. That is the energy that comes from the sun, 
wind, rain, and other natural sources [3].To generate 
electricity at power plants, electromechanical generators 
are used, and they are mostly driven by chemical 
combustion or even nuclear fission heat engines, but also 
by alternative energy sources such as kinetic energy from 
flowing water and wind. There are numerous other 
technologies, such as solar photovoltaic and geothermal 
power, can and are used to produce electricity. Using 
thermal power: This method is used in thermocouples, 
thermopiles, and thermionic converters to convert 
temperature differences directly to power. Thermal power 
station is a power plant with a steam-driven primary 
mover. The water is heated and turned into steam, which 
powers an electrical generator by spinning a steam turbine. 
The steam is concentrated in a condenser and returned to 
where it was heated after passing through the turbine; this 
is known as the Rankine cycle. Using Wind power: The 
development of either lift or drag force is one of the two 
primary physical values by which energy can be extracted 
from the wind. Hydrostatic pressure, which are the forces 

felt by a person exposed to the wind, are the most obvious 
means of propulsion. Buzz forces are the most effective 
mode of propulsion, but they are less well known than drag 
forces due to their sensitivity. Using Nuclear power: 
Charged particles are created and accelerated (examples: 
beta voltaic or alpha partial emission. In a nuclear power 
plant, uranium is first formed into pellets, then into long 
rods. Submerging the uranium rods in water keeps them 
cold. When they are taken out of the water, a nuclear 
reaction occurs, resulting in heat. Rising and lowering the 
thermostat regulates the amount of heat necessary. Using 
solar power: The photoelectric effect, as seen in solar cells, 
is responsible for converting light into electrical energy. 
Since the solar array will stay aligned to the sun, solar 
monitoring allows for further energy production. To 
improve performance, a solar system's power production 
should be maximized. To get the most power out of your 
solar panels, make sure they're aligned with the sun. 

Cluster analysis [8] using nRMSE (Normalized Root 
Mean Square Error), nMAE (Mean Absolute Error) and 
nMBE (Mean bias error) solar generation 8.80, 4.06 and -
1.01. By using successful feature selection or extraction, 
you can boost the forecasting efficiency even more. In 
addition, a [12] new hybrid forecasting method is being 
developed and tested, which integrates well-known 
forecasting strategies [7]. The mixed model is created after 
no discrete method is better than all four seasons. 
According to RSME, the error of all simulations is 7.210% 
in summer, 6.921% in early autumn, 8.62% in spring and 
9.37% in winter. The results show that a simple 
combination of many excellent models can provide more 
reliable predictions than either method. We’ve got been 
ready to cut back the error rate from concerning within the 
persistent ideal, to 15.1% from the Foreign Intelligence 
Service model, and to 11.8% from the cnn. Similarity 
features, which are effective in the SVR model, do not 
improve the deep learning model [9]. 

For example we take the north china place the winter 
days based on the climatic characteristics of North China. 
For each classification, a random forest algorithm-based 
forecasting model is created [10]. Separately, three other 
models in addition to the one proposed. Methods for 
predicting regular power generation and evaluate the 
performance of the Zhonghu PV station in northern China 
are described. The model achieves mean absolute 
percentage errors of less than 2.831 % and 3.1 percent in 
empirical data due to its capacity to by balancing decision 
trees, you can reduce the risk of overfitting. The following 
conclusions are based on empirical findings:   
(1) The projected model's MAPE standards for both sunny 
and cloudy days square measure as low as 2.831 % and 
3.890 %.   
(2) When it's raining or snowing, the prediction errors of 
the projected model square measure are greater than they 
are in other circumstances. In those days, the prediction 
exactitude may increasing the size coaching samples and 
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playing subdivision will help. (3) Manual interference with 
neighbor classifications can increase the accuracy of 
prediction for sorting transformation days. 
(4) In practically every classification, for nearly all error 
analysis metrics, the predicted model outperforms the other 
three strategies. 

Both the artificial neural network and deep neural 
network models studied outperform the PPVFM in terms of 
efficiency [1]. The Auto-LSTM[11] is the best DNN 
model. With an average RMSE of 0.071, an average MAE 
of 0.036, and an average absolute deviation of 0:2765, it 
has the highest score. The greatest BIAS values are seen in 
the MLP. Using current air temperature and mean daily 
solar irradiance, they employed Multi-Layer Perceptron 
(MLP) to estimate the hourly forecast of solar radiation 
[13]. On unseen test data, the DBN achieves the best 
correlation, while the Auto-LSTM achieves the best 
correlation on training data. 

Whereas the cloudy version suits the overall sample of 
the climate, it often predicts incorrectly. When the climate 
shifts, which occurs nearly each day, PPF's effects are 
inaccurate [2]. SVM-RBF with decreased features, on the 
alternative hand, produces a miles extra correct version. 
The RMSE mistakes for every version imply this: SVM-
RBF with 4 dimensions has an RMS-Error of 128 amps, at 
the same time as hazy and PPF have RMS-Errors of a 
hundred seventy five and 261, respectively. As a 
consequence, the 4-dimensional SVM-RBF version is 27% 
extra correct than the easy cloudy version and 50.9% extra 
correct than the PPF version [3]. Using the fuzzy logic 
method, the average error was calculated is 1.92 %, while 
the average error obtained using the ANN method is 2.62 
%. 

Random forest is part of machine learning algorithm a 
random forest is an estimator of some sort, that can fit 
several decision trees for different sub-samples of a dataset 
[4]. To get the best algorithm parameters, the hyper 
parameters tuning in Random Forest Classification 
approach was utilized [15]. In our case, both the number of 
decision trees in a forest and the number of landscapes 
fitted by a single decision tree are hyper parameters. This 
algorithm is sufficiently accurate, with a state recognition 
accuracy of 73%.  

The Kernel function is used in Support Vector 
Regressor (SVR) to map input forms into a higher-
dimensional space where output patterns can be found and 
become linearly divisible, allowing pattern extraction by 
fitting linearly. The aim is to find the best possible match, 
which can be challenging [9]. Assumed the shape of an 
optimization problem. Similar weather conditions, 
according to KNN, may result in alike PV power 
generation. As a result, the historical dataset can be viewed 
as a series of cause-and-effect relationships. Predicting 
future Photovoltaic power generation can be reduced to 
finding K feature vectors in the past database that are the 
closest neighbors to those who were present at the time 

interest. Knn has a lower percentage of error than nrsme, 
which is around 6.2 % and provides an approximate 
accuracy of 70% to 80%. A fixed input network with a 
single hidden layer is used as a back propagation neural 
network [14]. The input and output vectors' dimensions can 
be used to measure the neurons in the input and output 
layers automatically [1]. The initialization of weights and 
thresholds is performed at random, with an error rate of 
8%. 

To combine the outcomes of approximately the well-
performing uncorrelated techniques into a weighted 
average as a single forecast the first step is to implement 
and evaluate all ten forecasting models. The hybrid model 
has the highest average performance of all the methods, 
with a yearly nRMSE of just 6.74 percent. CNNs have also 
been shown to improve efficiency while requiring less 
memory, all neurons in adjacent layers are connected in 
completely connected neural networks [8]. As a result, 
completely related neural networks have an enormous 
number of model parameters.  

Long short term memory (LSTM) is a recurrent neural 
network (RNN) type that has successfully addressed the 
conventional RNN's vanishing gradient problem, which 
makes it difficult to detect and use useful features 
occurring early in input sequences. Here the combination 
of cnn+lstm gives MAPE 19.2%.The most basic 
methodology for estimating the next day's power 
production is calculated using linear or non-linear 
regression methods such as logistic regression or SVR and 
is dependent on inputs such as irradiation, temperature, and 
power output obtained the day before. Whereas svr is 
having a MAPE of 49.1%. 

3. Flow chart for solar power generation  

 

Fig.1 Flow chart 
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4. Methodology 

4.1 Deep Learning Techniques 

Consumption of power has become as additional and there 
are more regenerative generators included into the power 
grid, there has been an increase of interest in methods for 
regenerative power forecasting over the last decade [1]. 

4.1.1Auto LSTM:  

The Auto-LSTM algorithm blends an Auto Encoder’s 
function learning with an LSTM's temporal context 
utilization. The Auto-error LSTM's increases as more time 
measures are considered during the forecast. It's worth 
noting that when two previous time phases are factored into 
the prediction, the RMSE jumps dramatically [1].CNN is a 
deep learning neural network used to process organized 
data matrices, such as views. Lines, gradients, circles, and 
even eyes and faces are very effective in recognizing the 
design in the input image [5]. 

 

 

Fig.2 CNN and LSTM architecture 

4.1.2 Deep Neural Networks: 

 DNN has proven its worth in a variety of fields, including 
representation learning and time series forecasting. To 
name a few, DNN claims Speech and picture recognition, 
machine translation, and financial time series forecasting 
are just a few of the applications. It is used to forecast solar 
power output [11]. 

 

Fig.3 Layers differentiation of DNN 

4.1.3 Deep Belief Network (DBN): 

Deep belief network (DBN) models began to gain 
popularity. To forecast monthly solar power output data, a 
seasonal deep belief network (SDBN) was created in this 
study. By merging the seasonal decomposition approach 
and the DBN, the SDBN was created. Furthermore, data on 
monthly solar power generation was employed in this 
study. 

Foretelling is a two-step approach [1]: 
1) To reduce the dimensionality of the input data set, the 
DBN uses feature learning. 
2) To perform forecasting, a new layer is added, such as the 
linear layer. 

 

Fig.4 Deep belief network model 

4.2 Machine Learning Techniques 

4.2.1 Support Vectors Machine: 

Then, we investigate a variety of supervised learning 
methods based on SVM. These methods, which create 
hyperplanes in a multidimensional space, have currently 
been approved to be used in indexing and regression 
analysis. The kernel function and parameters used 
determine the accuracy of svm regression. In our work, we 
investigated three distinct SVM kernel functions are Linear 
Kernel, a Polynomial Kernel and a Radial Basis Function 
(RBF) kernel [2].  
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Fig.5 Hyperplane separating data points in SVM 

4.2.2 K Nearest Neighbors (Knn):  

KNN assumes that similar temperature variations will 
occur in the future. Would result in PV energy clusters that 
are comparable. Forecasting future PV power generation 
with an accuracy of about 81 % can be reduced to 
searching the past database for K feature vectors that are 
closest neighbors to those of the time of interest.  
     

 

Fig.6 Partition and finding the nearest value in KNN 

4.2.3 Random Forest:  

Random Forest is an ensemble technique that can be used 
to classify or predict data productivities of a variety of 
unrelated decision tree subsystems. The random forest 
estimates that the precision is about 79%. These techniques 
can be used to map nonlinear interactions again [19]. 

 

Fig.7 Random forest final results based on decision trees 

4.2.4 Linear Regression Model:  

Linear regression is a machine learning approach for 
supervised learning. It performs a regressive mission. 
Using the independent variables as a guide, regression 
models attempt to predict the value. Its main use is for 
forecasting and determining the relationship between 
variables. 

 

Fig.8 Linear regression model 
 
4.3 Artificial Neural Networks 
 
 MATLAB was used to carry out the research. Fuzzy logic 
and Ann techniques[18] were both found to be effective in 
that their findings matched the characteristic of a real solar 
PV array [3]. These will be put to use to forecast and test 
the overall reliability of the solar power plant. They 
perform on three sets of data: training, testing, and 
validation. The MLR model's performance is substantially 
improved when classification variables and interactions 
between variables are used, but this is not the case with the 
ANN model [7]. 
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4.3.1 Fuzzy Logic: 

 When combined with high-performance computer 
processors, allows for reasonable accuracy estimates of 
solar plant outputs while also allowing for system 
flexibility to adjust for natural events. The MATLAB 
software was used to construct the load forecasting system, 
which is based on fuzzy logic. The model has two inputs 
and one output and represents solar irradiance, ambient 
temperature, humidity and output power [3]. 

 

Fig.9 Fuzzy logic model 

4.3.2 Multiple Linear Regression: 

An ANN[16], as opposed to a multiple linear regression 
(MLR) model, a statistical method for assessing a non-
linear connection between one or more inputs and 
outcomes. The artificial neural network[6] has been used to 
model, identify, and forecast complex systems. 
     

 

Fig.10 Multi linear regression 

5. Comparison 

5.1 Comparison of methods used: 

Table 1. Model Prediction of RMSE, MAE, MAPE, and MBE 

Model  RMSE  MAE 
MAP

E 
MBE 

Referen
ce 

MLP(mul 0.0889  -  -  -  1

tilayer 
perceptro

n) 
LSTM 0.0816 - -  - 1

Clusterin
g based 
on solar 

generatio
n 

8.80  4.60   -1.01  5 

Clusterin
g based 

on 
weather 
variables 

8.61  3.77  -  -0.53 

5

 

 

ANN 0.067 - -  -- 6

MLR(mu
lti linear 
regressio

n) 

0.738  -  -  -  6 

SVR(sup
port 

vector 
regressor

) 

0.122  0.099  40.03  -  8 

RFR(ran
dom 

forest 
regressor

) 

0.178  0.1378  67.58  -  8 

CNN+LS
TM 

0.098  0.0568  13.42  -  8 

SP(SMA
RT 

PERSIST
NACE) 

0.135  0.071   0.023  11 

DBN(dee
p belief 

network) 
0.0390  0.0138   

0.002
44 

11 

SVM(sup
port 

vector 
machine) 

0.034  0.012   
0.007

77 
11 

RF(Rand
om 

Forest) 
0.033  0.0099   

0.000
351 

11 
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5.2 Graphs comparison based on weather conditions 
with temperature values:  
 

 

Fig.11 Mean of solar radiance in summer season. 

 

 

Fig.12 Mean of solar radiance in rainy season 

 

 

Fig.13 Mean of solar radiance in winter season 

Here fig 11, 12, 13 gives the comparative analysis of 
different models that are used like fuzzy logic, artificial 
neural network, support vector machine, random forest, 
multiple linear regressor and Convolutional Neural Network 
results for different temperature based on seasonal effects  with 
power generated for each day. 

7. Conclusion 

In this we conclude that it gives the partial analysis of solar 
power generation or forecasting based on different weather 
conditions. Different types of solar and wind dataset are 
considered for different seasons like summer (April to 
June), rainy (July to November) and winter (December to 
January) these are all about Indian weather condition. In 
order to get best results for diverse climatic condition for 
every hour for future betterment of analyzing power 
generation in different climatic condition machine learning 
give better results according to deep learning and artificial 
intelligence. 
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Abstract: Solar power is the conversion of sunlight into electricity using solar photovoltaic cells as a source 
of energy. There are various applications for solar power; here is information on PV cell generation. We seek 
to understand the behavior of solar power plants through the data generated by the photovoltaic modules and 
the power generation in different weather conditions in India. The goal of this survey is to give a thorough 
assessment and study of machine learning, deep learning and artificial intelligence. Artificial intelligence (AI) 
models as well as information preprocessing techniques, parameter selection algorithms and predictive 
performance evaluations are used in machine learning and deep learning models for predicting renewable 
energies. But in case of time series data we can predict only the errors using a linear regression model, we can 
also calculate things like root mean square error (RMSE), mean absolute error (MSE), mean bias error (MBE) 
and mean absolute percentage error (MAPE). By the analysis of weather condition also we can predict the 
consumption of current by solar for every 15 minutes, 1day, and 1week or even for 1 month and find the 
accuracy.

1. Introduction

Solar energy has many benefits, including its sensitivity to 
imitative circumstances such as increasing oil prices, its 
renewable nature, and its ability to reduce imports and 
dependence on foreign resources. Despite the fact that 
photovoltaic cells are recognized as the significant source 
of potential energy production, their low return on 
investment and high upfront costs keeps them from 
becoming widely used. Since photovoltaic cells generate 
electricity by converting solar energy into electrical 
energy, the amount of solar energy produced every day is 
important to the size of the photovoltaic system, because 
the amount of solar radiation determines the amount of 

electricity produced every day. This is influenced by 
factors such as place, time, and weather patterns. Solar 
irradiance is the power obtained per unit area from the Sun 
via electromagnetic radiation in the wavelength range of 
the solar cell that is in use [13].  

Here we seek and analyzed India as a place and the 
temperature power plants as consideration based on 
weather condition in India. According to power generation 
commissioning statistics, solar plants have the largest 
installed capacity growth dynamics among renewable 
energy power plants. Making realistic solar generation 
projections for the day ahead view is becoming an 
increasingly critical issue in many places throughout the 
world at the current level of power system development.

Major grid [17] integration is difficult because renewable 
energy is irregular and uncontrollable. Households in India 
can now use almost any amount of energy due to the recent 
electric grid at any moment, but it is not equipped for large 
quantities of uncontrollable generation [10] at this time. As 
it is converting solar radiance into power we don’t get that 
how much power is emitted for different location, time, and 
weather. For this type of clarification machine learning 
techniques are used in order to differentiate it for different 
conditions.  

Machine-learning techniques are wide applied to 
several fields where it can separate the weather based 
power. Machine-learning techniques are wide applied to 
several fields related to data-driven issues. Machine-
learning techniques embrace several knowledge domain 
areas, like statistics, arithmetic, Ann, data processing, 
optimization, and computation are all terms that come to 
mind when thinking about artificial neural networks [18].  

Deep learning, a sub-field of machine learning, has 
been blooming recently due to the rapid expansion of data 
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technology in hardware and code. Deep Learning 
calculations have only been used sparingly in the past for 
determining environmentally friendly power plants. We 
present these amazing calculations in the field of 
sustainable power determining by utilizing distinct Deep 
learning and ANN[16] calculations, such as DBN, Auto 
Encoder, and LSTM. In our tests, we integrated these 
calculations to show how effective they are in calculating 
the energy yield of solar-powered power plants as 
compared to a traditional MLP and an actual anticipating 
model. Our outcomes utilizing Deep Learning calculations 
show a better determining execution thought about than 
Artificial Neural Networks, like other reference models 
including such actual models, are artificial neural networks. 
In the literature, these models are compared with selected 
machine learning methods and are available predictive 
models. Using the mean square error, the proposed cloud 
classification ensemble model reduces the mean square 
error by 10.49%, 7.78% and 7.95% respectively, with deep 
belief networks, support vector regression and random 
forest [15] regression models. The use of weather 
parameters to forecast solar power generation is suggested 
as an Artificial Neural Network (ANN). This discussion 
describes the techniques used to predict renewable energy 
in machine learning models, including data preprocessing 
techniques, parameter selection algorithms, and predictive 
performance measurement. 

2. Related Work 

Energy is now the primary source of socioeconomic 
growth. However, because of the increasing rate of 
environmental concern, renewable energy is attracting a lot 
of attention. Related to the ongoing depletion of fossil 
fuels, this alternative energy source is gaining in 
popularity. That is the energy that comes from the sun, 
wind, rain, and other natural sources [3].To generate 
electricity at power plants, electromechanical generators 
are used, and they are mostly driven by chemical 
combustion or even nuclear fission heat engines, but also 
by alternative energy sources such as kinetic energy from 
flowing water and wind. There are numerous other 
technologies, such as solar photovoltaic and geothermal 
power, can and are used to produce electricity. Using 
thermal power: This method is used in thermocouples, 
thermopiles, and thermionic converters to convert 
temperature differences directly to power. Thermal power 
station is a power plant with a steam-driven primary 
mover. The water is heated and turned into steam, which 
powers an electrical generator by spinning a steam turbine. 
The steam is concentrated in a condenser and returned to 
where it was heated after passing through the turbine; this 
is known as the Rankine cycle. Using Wind power: The 
development of either lift or drag force is one of the two 
primary physical values by which energy can be extracted 
from the wind. Hydrostatic pressure, which are the forces 

felt by a person exposed to the wind, are the most obvious 
means of propulsion. Buzz forces are the most effective 
mode of propulsion, but they are less well known than drag 
forces due to their sensitivity. Using Nuclear power: 
Charged particles are created and accelerated (examples: 
beta voltaic or alpha partial emission. In a nuclear power 
plant, uranium is first formed into pellets, then into long 
rods. Submerging the uranium rods in water keeps them 
cold. When they are taken out of the water, a nuclear 
reaction occurs, resulting in heat. Rising and lowering the 
thermostat regulates the amount of heat necessary. Using 
solar power: The photoelectric effect, as seen in solar cells, 
is responsible for converting light into electrical energy. 
Since the solar array will stay aligned to the sun, solar 
monitoring allows for further energy production. To 
improve performance, a solar system's power production 
should be maximized. To get the most power out of your 
solar panels, make sure they're aligned with the sun. 

Cluster analysis [8] using nRMSE (Normalized Root 
Mean Square Error), nMAE (Mean Absolute Error) and 
nMBE (Mean bias error) solar generation 8.80, 4.06 and -
1.01. By using successful feature selection or extraction, 
you can boost the forecasting efficiency even more. In 
addition, a [12] new hybrid forecasting method is being 
developed and tested, which integrates well-known 
forecasting strategies [7]. The mixed model is created after 
no discrete method is better than all four seasons. 
According to RSME, the error of all simulations is 7.210% 
in summer, 6.921% in early autumn, 8.62% in spring and 
9.37% in winter. The results show that a simple 
combination of many excellent models can provide more 
reliable predictions than either method. We’ve got been 
ready to cut back the error rate from concerning within the 
persistent ideal, to 15.1% from the Foreign Intelligence 
Service model, and to 11.8% from the cnn. Similarity 
features, which are effective in the SVR model, do not 
improve the deep learning model [9]. 

For example we take the north china place the winter 
days based on the climatic characteristics of North China. 
For each classification, a random forest algorithm-based 
forecasting model is created [10]. Separately, three other 
models in addition to the one proposed. Methods for 
predicting regular power generation and evaluate the 
performance of the Zhonghu PV station in northern China 
are described. The model achieves mean absolute 
percentage errors of less than 2.831 % and 3.1 percent in 
empirical data due to its capacity to by balancing decision 
trees, you can reduce the risk of overfitting. The following 
conclusions are based on empirical findings:   
(1) The projected model's MAPE standards for both sunny 
and cloudy days square measure as low as 2.831 % and 
3.890 %.   
(2) When it's raining or snowing, the prediction errors of 
the projected model square measure are greater than they 
are in other circumstances. In those days, the prediction 
exactitude may increasing the size coaching samples and 
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playing subdivision will help. (3) Manual interference with 
neighbor classifications can increase the accuracy of 
prediction for sorting transformation days. 
(4) In practically every classification, for nearly all error 
analysis metrics, the predicted model outperforms the other 
three strategies. 

Both the artificial neural network and deep neural 
network models studied outperform the PPVFM in terms of 
efficiency [1]. The Auto-LSTM[11] is the best DNN 
model. With an average RMSE of 0.071, an average MAE 
of 0.036, and an average absolute deviation of 0:2765, it 
has the highest score. The greatest BIAS values are seen in 
the MLP. Using current air temperature and mean daily 
solar irradiance, they employed Multi-Layer Perceptron 
(MLP) to estimate the hourly forecast of solar radiation 
[13]. On unseen test data, the DBN achieves the best 
correlation, while the Auto-LSTM achieves the best 
correlation on training data. 

Whereas the cloudy version suits the overall sample of 
the climate, it often predicts incorrectly. When the climate 
shifts, which occurs nearly each day, PPF's effects are 
inaccurate [2]. SVM-RBF with decreased features, on the 
alternative hand, produces a miles extra correct version. 
The RMSE mistakes for every version imply this: SVM-
RBF with 4 dimensions has an RMS-Error of 128 amps, at 
the same time as hazy and PPF have RMS-Errors of a 
hundred seventy five and 261, respectively. As a 
consequence, the 4-dimensional SVM-RBF version is 27% 
extra correct than the easy cloudy version and 50.9% extra 
correct than the PPF version [3]. Using the fuzzy logic 
method, the average error was calculated is 1.92 %, while 
the average error obtained using the ANN method is 2.62 
%. 

Random forest is part of machine learning algorithm a 
random forest is an estimator of some sort, that can fit 
several decision trees for different sub-samples of a dataset 
[4]. To get the best algorithm parameters, the hyper 
parameters tuning in Random Forest Classification 
approach was utilized [15]. In our case, both the number of 
decision trees in a forest and the number of landscapes 
fitted by a single decision tree are hyper parameters. This 
algorithm is sufficiently accurate, with a state recognition 
accuracy of 73%.  

The Kernel function is used in Support Vector 
Regressor (SVR) to map input forms into a higher-
dimensional space where output patterns can be found and 
become linearly divisible, allowing pattern extraction by 
fitting linearly. The aim is to find the best possible match, 
which can be challenging [9]. Assumed the shape of an 
optimization problem. Similar weather conditions, 
according to KNN, may result in alike PV power 
generation. As a result, the historical dataset can be viewed 
as a series of cause-and-effect relationships. Predicting 
future Photovoltaic power generation can be reduced to 
finding K feature vectors in the past database that are the 
closest neighbors to those who were present at the time 

interest. Knn has a lower percentage of error than nrsme, 
which is around 6.2 % and provides an approximate 
accuracy of 70% to 80%. A fixed input network with a 
single hidden layer is used as a back propagation neural 
network [14]. The input and output vectors' dimensions can 
be used to measure the neurons in the input and output 
layers automatically [1]. The initialization of weights and 
thresholds is performed at random, with an error rate of 
8%. 

To combine the outcomes of approximately the well-
performing uncorrelated techniques into a weighted 
average as a single forecast the first step is to implement 
and evaluate all ten forecasting models. The hybrid model 
has the highest average performance of all the methods, 
with a yearly nRMSE of just 6.74 percent. CNNs have also 
been shown to improve efficiency while requiring less 
memory, all neurons in adjacent layers are connected in 
completely connected neural networks [8]. As a result, 
completely related neural networks have an enormous 
number of model parameters.  

Long short term memory (LSTM) is a recurrent neural 
network (RNN) type that has successfully addressed the 
conventional RNN's vanishing gradient problem, which 
makes it difficult to detect and use useful features 
occurring early in input sequences. Here the combination 
of cnn+lstm gives MAPE 19.2%.The most basic 
methodology for estimating the next day's power 
production is calculated using linear or non-linear 
regression methods such as logistic regression or SVR and 
is dependent on inputs such as irradiation, temperature, and 
power output obtained the day before. Whereas svr is 
having a MAPE of 49.1%. 

3. Flow chart for solar power generation  

 

Fig.1 Flow chart 
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4. Methodology 

4.1 Deep Learning Techniques 

Consumption of power has become as additional and there 
are more regenerative generators included into the power 
grid, there has been an increase of interest in methods for 
regenerative power forecasting over the last decade [1]. 

4.1.1Auto LSTM:  

The Auto-LSTM algorithm blends an Auto Encoder’s 
function learning with an LSTM's temporal context 
utilization. The Auto-error LSTM's increases as more time 
measures are considered during the forecast. It's worth 
noting that when two previous time phases are factored into 
the prediction, the RMSE jumps dramatically [1].CNN is a 
deep learning neural network used to process organized 
data matrices, such as views. Lines, gradients, circles, and 
even eyes and faces are very effective in recognizing the 
design in the input image [5]. 

 

 

Fig.2 CNN and LSTM architecture 

4.1.2 Deep Neural Networks: 

 DNN has proven its worth in a variety of fields, including 
representation learning and time series forecasting. To 
name a few, DNN claims Speech and picture recognition, 
machine translation, and financial time series forecasting 
are just a few of the applications. It is used to forecast solar 
power output [11]. 

 

Fig.3 Layers differentiation of DNN 

4.1.3 Deep Belief Network (DBN): 

Deep belief network (DBN) models began to gain 
popularity. To forecast monthly solar power output data, a 
seasonal deep belief network (SDBN) was created in this 
study. By merging the seasonal decomposition approach 
and the DBN, the SDBN was created. Furthermore, data on 
monthly solar power generation was employed in this 
study. 

Foretelling is a two-step approach [1]: 
1) To reduce the dimensionality of the input data set, the 
DBN uses feature learning. 
2) To perform forecasting, a new layer is added, such as the 
linear layer. 

 

Fig.4 Deep belief network model 

4.2 Machine Learning Techniques 

4.2.1 Support Vectors Machine: 

Then, we investigate a variety of supervised learning 
methods based on SVM. These methods, which create 
hyperplanes in a multidimensional space, have currently 
been approved to be used in indexing and regression 
analysis. The kernel function and parameters used 
determine the accuracy of svm regression. In our work, we 
investigated three distinct SVM kernel functions are Linear 
Kernel, a Polynomial Kernel and a Radial Basis Function 
(RBF) kernel [2].  
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Fig.5 Hyperplane separating data points in SVM 

4.2.2 K Nearest Neighbors (Knn):  

KNN assumes that similar temperature variations will 
occur in the future. Would result in PV energy clusters that 
are comparable. Forecasting future PV power generation 
with an accuracy of about 81 % can be reduced to 
searching the past database for K feature vectors that are 
closest neighbors to those of the time of interest.  
     

 

Fig.6 Partition and finding the nearest value in KNN 

4.2.3 Random Forest:  

Random Forest is an ensemble technique that can be used 
to classify or predict data productivities of a variety of 
unrelated decision tree subsystems. The random forest 
estimates that the precision is about 79%. These techniques 
can be used to map nonlinear interactions again [19]. 

 

Fig.7 Random forest final results based on decision trees 

4.2.4 Linear Regression Model:  

Linear regression is a machine learning approach for 
supervised learning. It performs a regressive mission. 
Using the independent variables as a guide, regression 
models attempt to predict the value. Its main use is for 
forecasting and determining the relationship between 
variables. 

 

Fig.8 Linear regression model 
 
4.3 Artificial Neural Networks 
 
 MATLAB was used to carry out the research. Fuzzy logic 
and Ann techniques[18] were both found to be effective in 
that their findings matched the characteristic of a real solar 
PV array [3]. These will be put to use to forecast and test 
the overall reliability of the solar power plant. They 
perform on three sets of data: training, testing, and 
validation. The MLR model's performance is substantially 
improved when classification variables and interactions 
between variables are used, but this is not the case with the 
ANN model [7]. 
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4.3.1 Fuzzy Logic: 

 When combined with high-performance computer 
processors, allows for reasonable accuracy estimates of 
solar plant outputs while also allowing for system 
flexibility to adjust for natural events. The MATLAB 
software was used to construct the load forecasting system, 
which is based on fuzzy logic. The model has two inputs 
and one output and represents solar irradiance, ambient 
temperature, humidity and output power [3]. 

 

Fig.9 Fuzzy logic model 

4.3.2 Multiple Linear Regression: 

An ANN[16], as opposed to a multiple linear regression 
(MLR) model, a statistical method for assessing a non-
linear connection between one or more inputs and 
outcomes. The artificial neural network[6] has been used to 
model, identify, and forecast complex systems. 
     

 

Fig.10 Multi linear regression 

5. Comparison 

5.1 Comparison of methods used: 

Table 1. Model Prediction of RMSE, MAE, MAPE, and MBE 

Model  RMSE  MAE 
MAP

E 
MBE 

Referen
ce 

MLP(mul 0.0889  -  -  -  1

tilayer 
perceptro

n) 
LSTM 0.0816 - -  - 1

Clusterin
g based 
on solar 

generatio
n 

8.80  4.60   -1.01  5 

Clusterin
g based 

on 
weather 
variables 

8.61  3.77  -  -0.53 

5

 

 

ANN 0.067 - -  -- 6

MLR(mu
lti linear 
regressio

n) 

0.738  -  -  -  6 

SVR(sup
port 

vector 
regressor

) 

0.122  0.099  40.03  -  8 

RFR(ran
dom 

forest 
regressor

) 

0.178  0.1378  67.58  -  8 

CNN+LS
TM 

0.098  0.0568  13.42  -  8 

SP(SMA
RT 

PERSIST
NACE) 

0.135  0.071   0.023  11 

DBN(dee
p belief 

network) 
0.0390  0.0138   

0.002
44 

11 

SVM(sup
port 

vector 
machine) 

0.034  0.012   
0.007

77 
11 

RF(Rand
om 

Forest) 
0.033  0.0099   

0.000
351 

11 
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5.2 Graphs comparison based on weather conditions 
with temperature values:  
 

 

Fig.11 Mean of solar radiance in summer season. 

 

 

Fig.12 Mean of solar radiance in rainy season 

 

 

Fig.13 Mean of solar radiance in winter season 

Here fig 11, 12, 13 gives the comparative analysis of 
different models that are used like fuzzy logic, artificial 
neural network, support vector machine, random forest, 
multiple linear regressor and Convolutional Neural Network 
results for different temperature based on seasonal effects  with 
power generated for each day. 

7. Conclusion 

In this we conclude that it gives the partial analysis of solar 
power generation or forecasting based on different weather 
conditions. Different types of solar and wind dataset are 
considered for different seasons like summer (April to 
June), rainy (July to November) and winter (December to 
January) these are all about Indian weather condition. In 
order to get best results for diverse climatic condition for 
every hour for future betterment of analyzing power 
generation in different climatic condition machine learning 
give better results according to deep learning and artificial 
intelligence. 
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Abstract:  Solar power is generated using photovoltaic (PV) systems all over the world. Because the output 

power of PV systems is alternating and highly dependent on environmental circumstances, solar power 

sources are unpredictable in nature. Irradiance, humidity, PV surface temperature, and wind speed are only 

a few of these variables. Because of the unpredictability in photovoltaic generating, it's crucial to plan ahead 

for solar power generation as in solar power forecasting is required for electric grid. Solar power generation 

is weather-dependent and unpredictable, this forecast is complex and difficult. The impacts of various 

environmental conditions on the output of a PV system are discussed. Machine Learning (ML) algorithms 

have shown great results in time series forecasting and so can be used to anticipate power with weather 

conditions as model inputs. The use of multiple machine learning, Deep learning and artificial neural 

network techniques to perform solar power forecasting. Here in this regression models from machine 

learning techniques like support vector machine regressor, random forest regressor and linear regression 

model from which random forest regressor beaten the other two regression models with vast accuracy.

1 Introduction: 

Solar energy has many benefits, but also have their 

initial investment for installing solar panels is quite high, 

and not everyone will be able to afford them. 

Unfortunately, this is a downside of solar panels; 

nevertheless, as prices continue to decline, the future 

looks bright. Solar panels are currently relatively costly; 

but, new government programs and cutting-edge 

technology are making them cheaper. Despite the fact 

that photovoltaic cells are recognized as the significant 

source of potential energy production, their low return 

on investment and high upfront costs keeps them from 

becoming widely used.The high initial cost prevents 

them from becoming widely used. Because photovoltaic 

cells convert solar energy into electrical energy, the 

amount of solar energy produced each day influences the 

size of the photovoltaic system, just as the amount of 

solar radiation influences the amount of electricity 

produced each day. This is influenced by factors such as 

location, time, and weather patterns. Solar irradiance is 

the power obtained per unit area from the Sun via 

electromagnetic radiation in the wavelength range of the 

solar cell in use. 

Major grid integration is difficult because renewable 

energy is irregular and uncontrollable. Households can 

now use almost any amount of energy due to the recent 

electric grid at any moment, but it is not equipped for 

large quantities of uncontrollable generation at this time. 

As it is converting solar radiance ����� ���	
� �	� ������

get that how much power is emitted for different 

location, time, and weather. For this type of clarification 

machine learning techniques are used in order to 

differentiate it for different conditions. Machine-learning 

techniques are wide applied to several fields where it can 

separate the weather based power.  

 The amount of energy a PV system generates is 

proportional to meteorological parameters including 

cloud cover, sun intensity, and site-specific conditions, 

among other [3]. Solar panel works differently for 

different weather conditions. In case if its summer 

seasons then the amount of energy consumed by the 

panel from sun is very much more. But in case of rainy 

and windy conditions the energy consumed is pretty 

much different. Power generation mostly depends on 

weather conditions so they take weather forecasting into 

consideration. As a result, the amount of electricity 

generated is determined by solar irradiance on a given 

day, which is determined by a number of factors such as 

location, time, and weather patterns. We concentrate on 

the problem of automatically generating models that 

accurately predict renewable generation based on 

National Weather Service forecasts (NWS). Using 

historical NWS forecast data and data generated by solar 

panels, we experiment with a variety of machine 

learning techniques to develop prediction models. 
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Meteorological data, including ambient temperature, 

humidity, and solar radiation, will be collected by 

meteorological monitoring stations every three hours. 

Machine-learning techniques have been widely used 

in a range of fields involving data-driven problems in 

recent decades. Machine-learning approaches encompass 

a wide range of interdisciplinary topics, including 

statistics, mathematics, artificial neural networks, data 

mining, optimization, and artificial optimization. With or 

without mathematical problem forms, machine learning 

approaches attempt to find a relationship between input 

and output data. The process of analysing data is known 

as data analyzation. ML employs statistical approaches 

���	���	�������	
�������	
����
��������������������

to be explicitly programmed. Machine learning has two 

main application categories: regression and 

classification. Solar power forecasting necessitates the 

use of regression methods. Some of the ML regression 

algorithms that can be used for time series forecasting 

are Linear Regression (LR), Support Vector Machine 

Regression (SVMR), and Random Forest (RF). 

Weather and physical elements influence the 

electrical power output of a solar photovoltaic (PV) 

panel. Solar irradiance, cloud cover, humidity, and 

ambient temperature are the main meteorological factors 

that influence solar power generation. Predicted weather 

parameters can be used as model inputs, while solar 

power forecasts can be used as the model output. 

Because of its ongoing training nature, the ML algorithm 

adjusts to physical parameters. 

In machine learning SVM plays a major role in order 

to classify the data and monitor weather condition 

according. Combining data from photovoltaic power 

generation with meteorological conditions, according to 

the positive position of photovoltaic power generation. 

For every 3 hours svm gives analyzed data for 

classification and regression analysis. Using hyperplane 

we can classify the accurate results from solar panel 

based on the weather conditions.Random forest, on the 

other hand, is a classification strategy that uses many 

decision trees to classify data. In order to generate an 

uncorrelated forest of trees whose committee forecast is 

more trustworthy than that of any single tree, bagging 

and feature randomization are utilised in the 

development of each individual tree. It gives multiple 

decisions tress it merges all the decision tress into one 

��
������	��������
		����� for different climatic conditions 

such as for summer, rainy, winter seasons. Error 

statistics such as mean bias error (MBE), mean absolute 

error (MAE), root mean square error (RMSE), relative 

MBE (rMBE), mean percentage error (MPE), and 

relative RMSE are used to assess the model's validity 

(rRMSE). Linear regression is a supervised learning-

based machine learning approach. It does a regression 

analysis. Based on independent variables, regression 

models a goal prediction value. It's generally used in 

forecasting to figure out how variables are related. 

Regression models differ in terms of the sort of link 

examined between dependent and independent variables, 

as well as the number of independent variables used. 

2. Related Work:  

Solar energy forecasts can be categorised in a variety of 

ways. The persistence or smart persistence model, which 

uses historical data to forecast future power generation 

over a short period of time, is the most basic method (2-3 

hours). This method can be used to set a standard against 

which other forecasting methods can be measured. In 

most cases, a prediction is completed in two stages. A 

NWP is designed for a specified time period and location 

to begin with. The generated NWP is then utilised to 

forecast power generation using forecasting algorithms. 

It is possible to employ a physical model, a statistical 

method, or a machine learning methodology [1].For 

prediction, ML algorithms are compared to the Smart 

Persistence (SP) approach, with ML models 

outperforming the SP model. The unpredictability of 

solar resources has hampered grid management as solar 

diffusion rates have increased. Unpredictability and 

intermittent electricity delivery are two of the most 

difficult aspects of integrating renewables into the 

system. As a result, solar power forecasting is becoming 

increasingly important for grid stability, optimal unit 

commitment, and cost-effective dispatch. To overcome 

the problem, we employ machine learning techniques to 

sift through extraordinary solar radiation predicting 

models. For developing prediction models, a variety of 

regression algorithms are tested, including linear least 

squares and support vector machines with various kernel 

functions. We use day-ahead sun radiation data forecasts 

in these tests to show that a machine learning approach 

can correctly anticipate short-term solar power [2]. A 

hybrid or mixed forecasting method was developed by 

combining clustering, classification, and regression 

approaches to produce a forecasting model. Based on the 

weather forecast for the next day, the model (with the 

closest weather condition) is chosen to forecast the 

power output using cluster-wise regression [3]. 

Renewable energy sources are progressively being 

integrated into electric networks alongside nonrenewable 

energy sources, posing significant issues due totheir 

sporadic and erratic nature In order to address these 

issues, soft-computing solutions for energy prediction 

are essential.We apply a number of data mining 

methodologies, including preparing historical load data 

and analysing the features of the load time series, 

because electricity consumption is entangled with the 

usage of other energy sources like natural gas and oil. 

The trends in power consumption from renewable and 

nonrenewable energy sources were examined and 

contrasted. A novel machine learning-based hybrid 

technique (SVR) uses multilayer perceptron (MLP) and 

support vector regression [5].Using SVM regression, 

solar power generation produces acceptable results [6]. 

However, it lacks a detailed examination of solar power 

generation and meteorological data, and hence is 

restricted in its capacity to accurately predict other data 

sets by merely using different SVM kernels after some 

basic statistical data processing [8]. 

To study the association between expected weather 

conditions and power output created as a historical time 

series, artificial intelligence (AI) approaches are applied. 
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AI approaches use algorithms that can implicitly 

characterise the nonlinear and highly intricate 

relationship between input data (NWP predictions) and 

output power instead of formal statistical analysis. The 

ANN is a brain model that is based on biology. They're 

employed in a range of applications that use AI 

approaches including supervised, unsupervised, and 

reinforcement learning. The ANN learns from data in the 

supervised learning approach by being trained to 

approximate and estimate the function or relationship. 

[6]. 

Their models have been improved to predict PV plant 

power generation [4�7]. Even with the cloud graph from 

synchronous meteorological satellites, the significant 

unpredictability in critical components, particularly the 

diffuse component from the sky hemisphere, makes solar 

irradiance far less predictable than temperature. PV 

systems including a large number of different tiles 

deployed over a large area have additional challenges 

[12]. Because it is impossible to examine all connected 

meteorological forecasts in a practical context, many 

alternative alternatives have been devised. Weather 

forecasts from meteorological websites [8] were 

considered by some. Others used nonlinear modelling 

approaches like artificial neural networks to try to 

simplify the solar forecast model (ANN). Two types of 

networks are commonly used to forecast global solar 

radiation, solar radiation on titled surfaces, daily solar 

radiation, and short-term solar radiation: radial basis 

function (RBF) and multilayer perception (MLP). 

In a three-layer feed forward model, back-

propagation is the neural network training technique. To 

reduce forecast error, the input layer provides an error 

correction factor depending on the projected output for 

the previous 5 minutes. 

An LSTM network will learn a function that accepts 

a sequence of previous solar irradiance values as input 

and returns a solar irradiance value as output. Deep 

neural networks, such as the Deep Belief Network 

(DBN), will learn a function that takes a sequence of 

historical sun irradiance values as input and outputs a 

solar irradiance value. If a series of observations are 

converted into a variety of occurrences, an LSTM 

network can learn from them. The sequence is 

partitioned using LSTM for prediction purposes. 

3 PROPOSED WORK: 

For knowing how much power is generated from solar 

we have the dataset showing daily average temperature 

in Celsius, distance from solar noon, wind speed, wind 

direction, sky cover, and humidity and then the power 

generated. Here we are calculating how much power is 

generated in different weather condition for India dataset 

. We have taken Indian dataset with different 

temperature readings. The available dataset is based on 

hourly weather parameter values. To convert the data to 

mean values per day, the average of the 24-hour data 

was used. From 2019 to 2020, several weather factors 

were collected to investigate the relationship between 

mean solar irradiance and meteorological data in order to 

accurately estimate power generated. 

The proposed work's System Architecture is to first 

consider the dataset and preprocess the data, then divide 

it into train and test data, apply classification techniques, 

and predict the results. Solar power weather dataset is 

used for forecasting purposes in this case. Data 

preprocessing methods include cleaning, integration, 

reduction, and transmission. We must purge any data 

that is no longer absolutely necessary. Data cleaning is 

the process of identifying and removing inaccurate or 

incorrect records from a dataset. Data from the real 

world frequently contains noise and missing values, and 

it may be in an unusable format that cannot be directly 

used for DL models. Data preprocessing is required to 

clean data and prepare it for various Deep Learning 

models, increasing accuracy and efficiency. Training and 

testing data are separated from the preprocessed data. 

The model is trained using training data, and its 

predictions are validated using testing data. Data 

splitting is the process of dividing available data into two 

halves, usually for cross-validator purposes. The first set 

of data is used to build a predictive model, while the 

second set is used to evaluate the model's performance. 

In analyzing data mining algorithms, separating data into 

training and testing sets is crucial. The training 

percentage is set at 80% and the test percentage is set at 

20%. When a data set is divided into a training set and a 

testing set, the majority of the data is used for training 

and only a small portion is used for testing. To train any 

model, no matter what type of dataset is used, the dataset 

must be divided into training and testing data. The 

dataset will be examined for null values and outliers 

during the data preprocessing step, and the model will be 

trained using three hours of data before being used to 

forecast solar power generation value. The power 

generated radiance phase will be estimated using 

machine learning (ML) methods (e.g., support vector 

regression, linear regression, elastic net regression, and 

random forest) as shown in below Fig 1. 
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Fig.1 Flow chart for solar power generation 

4. Methodology:  

The current dataset is based on hourly weather parameter 

values. To convert the data to mean values per day, the 

average of the 3-hour data was used. Various weather 

characteristics were gathered in order to investigate the 

relationship between mean solar irradiance and 

meteorological data in order to accurately estimate mean 

solar irradiance. The average daily values of air 

temperature, humidity, wind speed, wind direction, 

visibility, average pressure, average wind speed, and 

electricity generated are among the data collected. The 

direction of the wind, on the other hand, indicates how 

high the sun is. It's also expressed in degrees. 

Machine Learning (ML) Models are used for 

forecasting the solar power generation weather analysis. 

The Regression techniques here proposed are Support 

Vector Machine, Random Forest, Linear Regression are 

various ML Models used in this paper.  

4.1 Forecasting models: 

In this study, we used the chosen dataset to evaluate 

individual performance using a number of 

meteorological attributes utilising three commonly used 

machine learning algorithms. The output of the unseen 

test sample is predicted to be the mean of these K closest 

matches because our prediction variable is continuous 

valued. We investigated a variety of K values, however 

only the results for K=3 and K=5 are presented. When K 

is more than 3, the RMS error increases. 

Support vector regression (SVR) using a radial basis 

function as the kernel and random forest (RF) 

approaches are used to create the models. Because of the 

non-linearity of the dataset, we used the models 

indicated above instead of linear models. The most basic 

and widely used regression method is linear regression 

(LR) [10].It uses linear predictor functions to represent 

the relationship between the input and output variables, 

and a least squares approach is used to estimate the 

unknown model parameters from the data. A set of linear 

equations or an iterative method like gradient descent 

can be used to estimate parameter values. We employed 

the characteristics provided in the, followed by feature 

scaling, to standardise the input data. SVR's precision 

varies depending on the kernel function and other 

variables. To discover the optimal settings, we employed 

the Grid search approach. To evaluate the models' 

performance on the test set, we computed the Root-

Mean-Square Error (RMSE) and R squared values. 

Before choosing the models with the lowest root mean 

squared error and highest R squared values, we fine-

tuned the model hyperparameters. Nonlinear 

relationships can be mapped using these methods. In 

data science challenges of various kinds, methods 

including decision trees, RF, and gradient boosting are 

commonly utilised.The RF method is a tree-based 

machine learning approach that can be used for 

regression and classification. It also performs 

dimensional reduction, controls missing and outlier 

values, and performs a variety of additional data 

exploration activities. The bagging approach is used to 

train RFs. This method allows for the usage of numerous 

instances for the training stage because the dataset is 

sampled with a replacement. Linear regression is a 

method for demonstrating the link between a dependent 

variable and one or more independent variables by using 

the best-fit linear curve. It is concerned with determining 

the best-fit line with the data by attaining a perfect slope 

and intercept value.The best model for forecasting solar 

power system output based on numerous weather 

parameters was then created. The models that gave the 

greatest results on the dataset were support vector 

regression, random forests, and linear regression, and 

these models were then utilized to anticipate PV system 

performance for 2019. Thanks to the predictive analysis, 

the estimated production in this situation ranges from 0 

to 1000 Watt hours. These models were then evaluated 

using the test data. The SVR model has an RMSE of 

135.7, while the random forest model has an RMSE of 

28.62 and the SVR model has an RMSE of 58.24. The 

random forest model's points are close to the regressed 

diagonal line, however the SVR model's points are not. 

5 RESULTS: 

A matrix of pair correlation coefficients is generated for 

a set of features under investigation in order to find 

collinear factors as shown in below Fig 1, Fig 2,Fig 3 

and Fig 4. 
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Fig 2 correlation matrix  

 

Fig 3:summer season  analysis  

 

Fig 4: rainy season analysis 

 

Fig 5: winter season analysis 

 

Fig 6: moderate analysis 

 

Fig7����	
����	����������
���	������� 

Here fig6 shows that how power is generated 

comparatively in different weather conditions where the 

x axis shows the power generated and y axis shows the 

distance from solar noon. It is nothing more than Solar 

noon occurs when the Sun passes through a location's 

meridian (a meridian is an imaginary line that runs from 

the North Pole to the South Pole along the Earth's 

surface.) and ascends to its highest point in the sky. In 

most cases, it does not occur at 12 p.m and as shown in 

above Fig 5 and Fig 6 and Below Fig 7. 
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Fig 8: Different temperature analysis results of how much 

power is generated. 

Fig6 says the power generated is read as Jules here 

where as temperature as in summer, rainy, winter and the 

moderate is said as the different weather condition. 

Dataset considered is the numerical dataset so we 

replaced them with string type where in dataset it is 

shown as 0 for rainy 1 for winter, 2 for moderate,3 for 

summer as shown in below Fig 9 and Fig 10. 

 

Fig 9: score of all the three model used in solar power analysis. 

 This fig8 shows that score of three different models 

used in this paper for solar power generation 

 

Fig 10: temperature difference and their power generated 

percentage accordingly. 

This shows that how much percentage of power is 

generated ass the temperature rises less than 46 Celsius 

�������������	�
�����	�����	��	
��
	���!���"!�#	������

��� $� ������ ����	
� �	���� temperature,56 to 66C is 2 

������ ���	
�	� �	��	
��
	� ��� !!� ��� &+#� ��� /� ������

summer season and as shown in below Table 1. 

Table 1: Model Prediction of RMSE, MAE, MAPE, and MBE 

and Accuracy 

Model RMSE MAE MSE Accuracy 

Support 

vector 

machine 

regressor 

131.44 77.16 172.76 -44.92 

Linear 

regression 

58.57 48.39 343.08 72.4 

Random 

forest 

regressor 

27.32 12.45 746.48 94.01 

6. Conclusion:  

We presented a machine learning-based approach for 

solar power generation analysis in this paper, which 

accurately forecasts power generated across India's states 

based on environmental data. Most importantly, our 

methodology went beyond prediction by delivering key 

results that aided in the understanding of solar power 

analysis (variable importance by time period). By a wide 

margin, the proposed method outperformed other 

popular methods, such as Random forest. The proposed 

models are SVR, LR, and RF. Compared to the 

temperature with the given data. 56-55F --30% power 

generation is increasing compared to other temperatures. 

Temperature <46F is 17% temperature average of it. As 

the above results, we can see that Random Forest 

Regressor model is performing better with 94.01% 

accuracy and hence that model is preferred for 

deployment.  
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Abstract:  Solar power is generated using photovoltaic (PV) systems all over the world. Because the output 

power of PV systems is alternating and highly dependent on environmental circumstances, solar power 

sources are unpredictable in nature. Irradiance, humidity, PV surface temperature, and wind speed are only 

a few of these variables. Because of the unpredictability in photovoltaic generating, it's crucial to plan ahead 

for solar power generation as in solar power forecasting is required for electric grid. Solar power generation 

is weather-dependent and unpredictable, this forecast is complex and difficult. The impacts of various 

environmental conditions on the output of a PV system are discussed. Machine Learning (ML) algorithms 

have shown great results in time series forecasting and so can be used to anticipate power with weather 

conditions as model inputs. The use of multiple machine learning, Deep learning and artificial neural 

network techniques to perform solar power forecasting. Here in this regression models from machine 

learning techniques like support vector machine regressor, random forest regressor and linear regression 

model from which random forest regressor beaten the other two regression models with vast accuracy.

1 Introduction: 

Solar energy has many benefits, but also have their 

initial investment for installing solar panels is quite high, 

and not everyone will be able to afford them. 

Unfortunately, this is a downside of solar panels; 

nevertheless, as prices continue to decline, the future 

looks bright. Solar panels are currently relatively costly; 

but, new government programs and cutting-edge 

technology are making them cheaper. Despite the fact 

that photovoltaic cells are recognized as the significant 

source of potential energy production, their low return 

on investment and high upfront costs keeps them from 

becoming widely used.The high initial cost prevents 

them from becoming widely used. Because photovoltaic 

cells convert solar energy into electrical energy, the 

amount of solar energy produced each day influences the 

size of the photovoltaic system, just as the amount of 

solar radiation influences the amount of electricity 

produced each day. This is influenced by factors such as 

location, time, and weather patterns. Solar irradiance is 

the power obtained per unit area from the Sun via 

electromagnetic radiation in the wavelength range of the 

solar cell in use. 

Major grid integration is difficult because renewable 

energy is irregular and uncontrollable. Households can 

now use almost any amount of energy due to the recent 

electric grid at any moment, but it is not equipped for 

large quantities of uncontrollable generation at this time. 

As it is converting solar radiance ����� ���	
� �	� ������

get that how much power is emitted for different 

location, time, and weather. For this type of clarification 

machine learning techniques are used in order to 

differentiate it for different conditions. Machine-learning 

techniques are wide applied to several fields where it can 

separate the weather based power.  

 The amount of energy a PV system generates is 

proportional to meteorological parameters including 

cloud cover, sun intensity, and site-specific conditions, 

among other [3]. Solar panel works differently for 

different weather conditions. In case if its summer 

seasons then the amount of energy consumed by the 

panel from sun is very much more. But in case of rainy 

and windy conditions the energy consumed is pretty 

much different. Power generation mostly depends on 

weather conditions so they take weather forecasting into 

consideration. As a result, the amount of electricity 

generated is determined by solar irradiance on a given 

day, which is determined by a number of factors such as 

location, time, and weather patterns. We concentrate on 

the problem of automatically generating models that 

accurately predict renewable generation based on 

National Weather Service forecasts (NWS). Using 

historical NWS forecast data and data generated by solar 

panels, we experiment with a variety of machine 

learning techniques to develop prediction models. 
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Meteorological data, including ambient temperature, 

humidity, and solar radiation, will be collected by 

meteorological monitoring stations every three hours. 

Machine-learning techniques have been widely used 

in a range of fields involving data-driven problems in 

recent decades. Machine-learning approaches encompass 

a wide range of interdisciplinary topics, including 

statistics, mathematics, artificial neural networks, data 

mining, optimization, and artificial optimization. With or 

without mathematical problem forms, machine learning 

approaches attempt to find a relationship between input 

and output data. The process of analysing data is known 

as data analyzation. ML employs statistical approaches 

���	���	�������	
�������	
����
��������������������

to be explicitly programmed. Machine learning has two 

main application categories: regression and 

classification. Solar power forecasting necessitates the 

use of regression methods. Some of the ML regression 

algorithms that can be used for time series forecasting 

are Linear Regression (LR), Support Vector Machine 

Regression (SVMR), and Random Forest (RF). 

Weather and physical elements influence the 

electrical power output of a solar photovoltaic (PV) 

panel. Solar irradiance, cloud cover, humidity, and 

ambient temperature are the main meteorological factors 

that influence solar power generation. Predicted weather 

parameters can be used as model inputs, while solar 

power forecasts can be used as the model output. 

Because of its ongoing training nature, the ML algorithm 

adjusts to physical parameters. 

In machine learning SVM plays a major role in order 

to classify the data and monitor weather condition 

according. Combining data from photovoltaic power 

generation with meteorological conditions, according to 

the positive position of photovoltaic power generation. 

For every 3 hours svm gives analyzed data for 

classification and regression analysis. Using hyperplane 

we can classify the accurate results from solar panel 

based on the weather conditions.Random forest, on the 

other hand, is a classification strategy that uses many 

decision trees to classify data. In order to generate an 

uncorrelated forest of trees whose committee forecast is 

more trustworthy than that of any single tree, bagging 

and feature randomization are utilised in the 

development of each individual tree. It gives multiple 

decisions tress it merges all the decision tress into one 

��
������	��������
		����� for different climatic conditions 

such as for summer, rainy, winter seasons. Error 

statistics such as mean bias error (MBE), mean absolute 

error (MAE), root mean square error (RMSE), relative 

MBE (rMBE), mean percentage error (MPE), and 

relative RMSE are used to assess the model's validity 

(rRMSE). Linear regression is a supervised learning-

based machine learning approach. It does a regression 

analysis. Based on independent variables, regression 

models a goal prediction value. It's generally used in 

forecasting to figure out how variables are related. 

Regression models differ in terms of the sort of link 

examined between dependent and independent variables, 

as well as the number of independent variables used. 

2. Related Work:  

Solar energy forecasts can be categorised in a variety of 

ways. The persistence or smart persistence model, which 

uses historical data to forecast future power generation 

over a short period of time, is the most basic method (2-3 

hours). This method can be used to set a standard against 

which other forecasting methods can be measured. In 

most cases, a prediction is completed in two stages. A 

NWP is designed for a specified time period and location 

to begin with. The generated NWP is then utilised to 

forecast power generation using forecasting algorithms. 

It is possible to employ a physical model, a statistical 

method, or a machine learning methodology [1].For 

prediction, ML algorithms are compared to the Smart 

Persistence (SP) approach, with ML models 

outperforming the SP model. The unpredictability of 

solar resources has hampered grid management as solar 

diffusion rates have increased. Unpredictability and 

intermittent electricity delivery are two of the most 

difficult aspects of integrating renewables into the 

system. As a result, solar power forecasting is becoming 

increasingly important for grid stability, optimal unit 

commitment, and cost-effective dispatch. To overcome 

the problem, we employ machine learning techniques to 

sift through extraordinary solar radiation predicting 

models. For developing prediction models, a variety of 

regression algorithms are tested, including linear least 

squares and support vector machines with various kernel 

functions. We use day-ahead sun radiation data forecasts 

in these tests to show that a machine learning approach 

can correctly anticipate short-term solar power [2]. A 

hybrid or mixed forecasting method was developed by 

combining clustering, classification, and regression 

approaches to produce a forecasting model. Based on the 

weather forecast for the next day, the model (with the 

closest weather condition) is chosen to forecast the 

power output using cluster-wise regression [3]. 

Renewable energy sources are progressively being 

integrated into electric networks alongside nonrenewable 

energy sources, posing significant issues due totheir 

sporadic and erratic nature In order to address these 

issues, soft-computing solutions for energy prediction 

are essential.We apply a number of data mining 

methodologies, including preparing historical load data 

and analysing the features of the load time series, 

because electricity consumption is entangled with the 

usage of other energy sources like natural gas and oil. 

The trends in power consumption from renewable and 

nonrenewable energy sources were examined and 

contrasted. A novel machine learning-based hybrid 

technique (SVR) uses multilayer perceptron (MLP) and 

support vector regression [5].Using SVM regression, 

solar power generation produces acceptable results [6]. 

However, it lacks a detailed examination of solar power 

generation and meteorological data, and hence is 

restricted in its capacity to accurately predict other data 

sets by merely using different SVM kernels after some 

basic statistical data processing [8]. 

To study the association between expected weather 

conditions and power output created as a historical time 

series, artificial intelligence (AI) approaches are applied. 
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AI approaches use algorithms that can implicitly 

characterise the nonlinear and highly intricate 

relationship between input data (NWP predictions) and 

output power instead of formal statistical analysis. The 

ANN is a brain model that is based on biology. They're 

employed in a range of applications that use AI 

approaches including supervised, unsupervised, and 

reinforcement learning. The ANN learns from data in the 

supervised learning approach by being trained to 

approximate and estimate the function or relationship. 

[6]. 

Their models have been improved to predict PV plant 

power generation [4�7]. Even with the cloud graph from 

synchronous meteorological satellites, the significant 

unpredictability in critical components, particularly the 

diffuse component from the sky hemisphere, makes solar 

irradiance far less predictable than temperature. PV 

systems including a large number of different tiles 

deployed over a large area have additional challenges 

[12]. Because it is impossible to examine all connected 

meteorological forecasts in a practical context, many 

alternative alternatives have been devised. Weather 

forecasts from meteorological websites [8] were 

considered by some. Others used nonlinear modelling 

approaches like artificial neural networks to try to 

simplify the solar forecast model (ANN). Two types of 

networks are commonly used to forecast global solar 

radiation, solar radiation on titled surfaces, daily solar 

radiation, and short-term solar radiation: radial basis 

function (RBF) and multilayer perception (MLP). 

In a three-layer feed forward model, back-

propagation is the neural network training technique. To 

reduce forecast error, the input layer provides an error 

correction factor depending on the projected output for 

the previous 5 minutes. 

An LSTM network will learn a function that accepts 

a sequence of previous solar irradiance values as input 

and returns a solar irradiance value as output. Deep 

neural networks, such as the Deep Belief Network 

(DBN), will learn a function that takes a sequence of 

historical sun irradiance values as input and outputs a 

solar irradiance value. If a series of observations are 

converted into a variety of occurrences, an LSTM 

network can learn from them. The sequence is 

partitioned using LSTM for prediction purposes. 

3 PROPOSED WORK: 

For knowing how much power is generated from solar 

we have the dataset showing daily average temperature 

in Celsius, distance from solar noon, wind speed, wind 

direction, sky cover, and humidity and then the power 

generated. Here we are calculating how much power is 

generated in different weather condition for India dataset 

. We have taken Indian dataset with different 

temperature readings. The available dataset is based on 

hourly weather parameter values. To convert the data to 

mean values per day, the average of the 24-hour data 

was used. From 2019 to 2020, several weather factors 

were collected to investigate the relationship between 

mean solar irradiance and meteorological data in order to 

accurately estimate power generated. 

The proposed work's System Architecture is to first 

consider the dataset and preprocess the data, then divide 

it into train and test data, apply classification techniques, 

and predict the results. Solar power weather dataset is 

used for forecasting purposes in this case. Data 

preprocessing methods include cleaning, integration, 

reduction, and transmission. We must purge any data 

that is no longer absolutely necessary. Data cleaning is 

the process of identifying and removing inaccurate or 

incorrect records from a dataset. Data from the real 

world frequently contains noise and missing values, and 

it may be in an unusable format that cannot be directly 

used for DL models. Data preprocessing is required to 

clean data and prepare it for various Deep Learning 

models, increasing accuracy and efficiency. Training and 

testing data are separated from the preprocessed data. 

The model is trained using training data, and its 

predictions are validated using testing data. Data 

splitting is the process of dividing available data into two 

halves, usually for cross-validator purposes. The first set 

of data is used to build a predictive model, while the 

second set is used to evaluate the model's performance. 

In analyzing data mining algorithms, separating data into 

training and testing sets is crucial. The training 

percentage is set at 80% and the test percentage is set at 

20%. When a data set is divided into a training set and a 

testing set, the majority of the data is used for training 

and only a small portion is used for testing. To train any 

model, no matter what type of dataset is used, the dataset 

must be divided into training and testing data. The 

dataset will be examined for null values and outliers 

during the data preprocessing step, and the model will be 

trained using three hours of data before being used to 

forecast solar power generation value. The power 

generated radiance phase will be estimated using 

machine learning (ML) methods (e.g., support vector 

regression, linear regression, elastic net regression, and 

random forest) as shown in below Fig 1. 
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Fig.1 Flow chart for solar power generation 

4. Methodology:  

The current dataset is based on hourly weather parameter 

values. To convert the data to mean values per day, the 

average of the 3-hour data was used. Various weather 

characteristics were gathered in order to investigate the 

relationship between mean solar irradiance and 

meteorological data in order to accurately estimate mean 

solar irradiance. The average daily values of air 

temperature, humidity, wind speed, wind direction, 

visibility, average pressure, average wind speed, and 

electricity generated are among the data collected. The 

direction of the wind, on the other hand, indicates how 

high the sun is. It's also expressed in degrees. 

Machine Learning (ML) Models are used for 

forecasting the solar power generation weather analysis. 

The Regression techniques here proposed are Support 

Vector Machine, Random Forest, Linear Regression are 

various ML Models used in this paper.  

4.1 Forecasting models: 

In this study, we used the chosen dataset to evaluate 

individual performance using a number of 

meteorological attributes utilising three commonly used 

machine learning algorithms. The output of the unseen 

test sample is predicted to be the mean of these K closest 

matches because our prediction variable is continuous 

valued. We investigated a variety of K values, however 

only the results for K=3 and K=5 are presented. When K 

is more than 3, the RMS error increases. 

Support vector regression (SVR) using a radial basis 

function as the kernel and random forest (RF) 

approaches are used to create the models. Because of the 

non-linearity of the dataset, we used the models 

indicated above instead of linear models. The most basic 

and widely used regression method is linear regression 

(LR) [10].It uses linear predictor functions to represent 

the relationship between the input and output variables, 

and a least squares approach is used to estimate the 

unknown model parameters from the data. A set of linear 

equations or an iterative method like gradient descent 

can be used to estimate parameter values. We employed 

the characteristics provided in the, followed by feature 

scaling, to standardise the input data. SVR's precision 

varies depending on the kernel function and other 

variables. To discover the optimal settings, we employed 

the Grid search approach. To evaluate the models' 

performance on the test set, we computed the Root-

Mean-Square Error (RMSE) and R squared values. 

Before choosing the models with the lowest root mean 

squared error and highest R squared values, we fine-

tuned the model hyperparameters. Nonlinear 

relationships can be mapped using these methods. In 

data science challenges of various kinds, methods 

including decision trees, RF, and gradient boosting are 

commonly utilised.The RF method is a tree-based 

machine learning approach that can be used for 

regression and classification. It also performs 

dimensional reduction, controls missing and outlier 

values, and performs a variety of additional data 

exploration activities. The bagging approach is used to 

train RFs. This method allows for the usage of numerous 

instances for the training stage because the dataset is 

sampled with a replacement. Linear regression is a 

method for demonstrating the link between a dependent 

variable and one or more independent variables by using 

the best-fit linear curve. It is concerned with determining 

the best-fit line with the data by attaining a perfect slope 

and intercept value.The best model for forecasting solar 

power system output based on numerous weather 

parameters was then created. The models that gave the 

greatest results on the dataset were support vector 

regression, random forests, and linear regression, and 

these models were then utilized to anticipate PV system 

performance for 2019. Thanks to the predictive analysis, 

the estimated production in this situation ranges from 0 

to 1000 Watt hours. These models were then evaluated 

using the test data. The SVR model has an RMSE of 

135.7, while the random forest model has an RMSE of 

28.62 and the SVR model has an RMSE of 58.24. The 

random forest model's points are close to the regressed 

diagonal line, however the SVR model's points are not. 

5 RESULTS: 

A matrix of pair correlation coefficients is generated for 

a set of features under investigation in order to find 

collinear factors as shown in below Fig 1, Fig 2,Fig 3 

and Fig 4. 
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Fig 2 correlation matrix  

 

Fig 3:summer season  analysis  

 

Fig 4: rainy season analysis 

 

Fig 5: winter season analysis 

 

Fig 6: moderate analysis 

 

Fig7����	
����	����������
���	������� 

Here fig6 shows that how power is generated 

comparatively in different weather conditions where the 

x axis shows the power generated and y axis shows the 

distance from solar noon. It is nothing more than Solar 

noon occurs when the Sun passes through a location's 

meridian (a meridian is an imaginary line that runs from 

the North Pole to the South Pole along the Earth's 

surface.) and ascends to its highest point in the sky. In 

most cases, it does not occur at 12 p.m and as shown in 

above Fig 5 and Fig 6 and Below Fig 7. 
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Fig 8: Different temperature analysis results of how much 

power is generated. 

Fig6 says the power generated is read as Jules here 

where as temperature as in summer, rainy, winter and the 

moderate is said as the different weather condition. 

Dataset considered is the numerical dataset so we 

replaced them with string type where in dataset it is 

shown as 0 for rainy 1 for winter, 2 for moderate,3 for 

summer as shown in below Fig 9 and Fig 10. 

 

Fig 9: score of all the three model used in solar power analysis. 

 This fig8 shows that score of three different models 

used in this paper for solar power generation 

 

Fig 10: temperature difference and their power generated 

percentage accordingly. 

This shows that how much percentage of power is 

generated ass the temperature rises less than 46 Celsius 

�������������	�
�����	�����	��	
��
	���!���"!�#	������

��� $� ������ ����	
� �	���� temperature,56 to 66C is 2 

������ ���	
�	� �	��	
��
	� ��� !!� ��� &+#� ��� /� ������

summer season and as shown in below Table 1. 

Table 1: Model Prediction of RMSE, MAE, MAPE, and MBE 

and Accuracy 

Model RMSE MAE MSE Accuracy 

Support 

vector 

machine 

regressor 

131.44 77.16 172.76 -44.92 

Linear 

regression 

58.57 48.39 343.08 72.4 

Random 

forest 

regressor 

27.32 12.45 746.48 94.01 

6. Conclusion:  

We presented a machine learning-based approach for 

solar power generation analysis in this paper, which 

accurately forecasts power generated across India's states 

based on environmental data. Most importantly, our 

methodology went beyond prediction by delivering key 

results that aided in the understanding of solar power 

analysis (variable importance by time period). By a wide 

margin, the proposed method outperformed other 

popular methods, such as Random forest. The proposed 

models are SVR, LR, and RF. Compared to the 

temperature with the given data. 56-55F --30% power 

generation is increasing compared to other temperatures. 

Temperature <46F is 17% temperature average of it. As 

the above results, we can see that Random Forest 

Regressor model is performing better with 94.01% 

accuracy and hence that model is preferred for 

deployment.  
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Abstract:  Solar power is generated using photovoltaic (PV) systems all over the world. Because the output 

power of PV systems is alternating and highly dependent on environmental circumstances, solar power 

sources are unpredictable in nature. Irradiance, humidity, PV surface temperature, and wind speed are only 

a few of these variables. Because of the unpredictability in photovoltaic generating, it's crucial to plan ahead 

for solar power generation as in solar power forecasting is required for electric grid. Solar power generation 

is weather-dependent and unpredictable, this forecast is complex and difficult. The impacts of various 

environmental conditions on the output of a PV system are discussed. Machine Learning (ML) algorithms 

have shown great results in time series forecasting and so can be used to anticipate power with weather 

conditions as model inputs. The use of multiple machine learning, Deep learning and artificial neural 

network techniques to perform solar power forecasting. Here in this regression models from machine 

learning techniques like support vector machine regressor, random forest regressor and linear regression 

model from which random forest regressor beaten the other two regression models with vast accuracy.

1 Introduction: 

Solar energy has many benefits, but also have their 

initial investment for installing solar panels is quite high, 

and not everyone will be able to afford them. 

Unfortunately, this is a downside of solar panels; 

nevertheless, as prices continue to decline, the future 

looks bright. Solar panels are currently relatively costly; 

but, new government programs and cutting-edge 

technology are making them cheaper. Despite the fact 

that photovoltaic cells are recognized as the significant 

source of potential energy production, their low return 

on investment and high upfront costs keeps them from 

becoming widely used.The high initial cost prevents 

them from becoming widely used. Because photovoltaic 

cells convert solar energy into electrical energy, the 

amount of solar energy produced each day influences the 

size of the photovoltaic system, just as the amount of 

solar radiation influences the amount of electricity 

produced each day. This is influenced by factors such as 

location, time, and weather patterns. Solar irradiance is 

the power obtained per unit area from the Sun via 

electromagnetic radiation in the wavelength range of the 

solar cell in use. 

Major grid integration is difficult because renewable 

energy is irregular and uncontrollable. Households can 

now use almost any amount of energy due to the recent 

electric grid at any moment, but it is not equipped for 

large quantities of uncontrollable generation at this time. 

As it is converting solar radiance ����� ���	
� �	� ������

get that how much power is emitted for different 

location, time, and weather. For this type of clarification 

machine learning techniques are used in order to 

differentiate it for different conditions. Machine-learning 

techniques are wide applied to several fields where it can 

separate the weather based power.  

 The amount of energy a PV system generates is 

proportional to meteorological parameters including 

cloud cover, sun intensity, and site-specific conditions, 

among other [3]. Solar panel works differently for 

different weather conditions. In case if its summer 

seasons then the amount of energy consumed by the 

panel from sun is very much more. But in case of rainy 

and windy conditions the energy consumed is pretty 

much different. Power generation mostly depends on 

weather conditions so they take weather forecasting into 

consideration. As a result, the amount of electricity 

generated is determined by solar irradiance on a given 

day, which is determined by a number of factors such as 

location, time, and weather patterns. We concentrate on 

the problem of automatically generating models that 

accurately predict renewable generation based on 

National Weather Service forecasts (NWS). Using 

historical NWS forecast data and data generated by solar 

panels, we experiment with a variety of machine 

learning techniques to develop prediction models. 
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Meteorological data, including ambient temperature, 

humidity, and solar radiation, will be collected by 

meteorological monitoring stations every three hours. 

Machine-learning techniques have been widely used 

in a range of fields involving data-driven problems in 

recent decades. Machine-learning approaches encompass 

a wide range of interdisciplinary topics, including 

statistics, mathematics, artificial neural networks, data 

mining, optimization, and artificial optimization. With or 

without mathematical problem forms, machine learning 

approaches attempt to find a relationship between input 

and output data. The process of analysing data is known 

as data analyzation. ML employs statistical approaches 

���	���	�������	
�������	
����
��������������������

to be explicitly programmed. Machine learning has two 

main application categories: regression and 

classification. Solar power forecasting necessitates the 

use of regression methods. Some of the ML regression 

algorithms that can be used for time series forecasting 

are Linear Regression (LR), Support Vector Machine 

Regression (SVMR), and Random Forest (RF). 

Weather and physical elements influence the 

electrical power output of a solar photovoltaic (PV) 

panel. Solar irradiance, cloud cover, humidity, and 

ambient temperature are the main meteorological factors 

that influence solar power generation. Predicted weather 

parameters can be used as model inputs, while solar 

power forecasts can be used as the model output. 

Because of its ongoing training nature, the ML algorithm 

adjusts to physical parameters. 

In machine learning SVM plays a major role in order 

to classify the data and monitor weather condition 

according. Combining data from photovoltaic power 

generation with meteorological conditions, according to 

the positive position of photovoltaic power generation. 

For every 3 hours svm gives analyzed data for 

classification and regression analysis. Using hyperplane 

we can classify the accurate results from solar panel 

based on the weather conditions.Random forest, on the 

other hand, is a classification strategy that uses many 

decision trees to classify data. In order to generate an 

uncorrelated forest of trees whose committee forecast is 

more trustworthy than that of any single tree, bagging 

and feature randomization are utilised in the 

development of each individual tree. It gives multiple 

decisions tress it merges all the decision tress into one 

��
������	��������
		����� for different climatic conditions 

such as for summer, rainy, winter seasons. Error 

statistics such as mean bias error (MBE), mean absolute 

error (MAE), root mean square error (RMSE), relative 

MBE (rMBE), mean percentage error (MPE), and 

relative RMSE are used to assess the model's validity 

(rRMSE). Linear regression is a supervised learning-

based machine learning approach. It does a regression 

analysis. Based on independent variables, regression 

models a goal prediction value. It's generally used in 

forecasting to figure out how variables are related. 

Regression models differ in terms of the sort of link 

examined between dependent and independent variables, 

as well as the number of independent variables used. 

2. Related Work:  

Solar energy forecasts can be categorised in a variety of 

ways. The persistence or smart persistence model, which 

uses historical data to forecast future power generation 

over a short period of time, is the most basic method (2-3 

hours). This method can be used to set a standard against 

which other forecasting methods can be measured. In 

most cases, a prediction is completed in two stages. A 

NWP is designed for a specified time period and location 

to begin with. The generated NWP is then utilised to 

forecast power generation using forecasting algorithms. 

It is possible to employ a physical model, a statistical 

method, or a machine learning methodology [1].For 

prediction, ML algorithms are compared to the Smart 

Persistence (SP) approach, with ML models 

outperforming the SP model. The unpredictability of 

solar resources has hampered grid management as solar 

diffusion rates have increased. Unpredictability and 

intermittent electricity delivery are two of the most 

difficult aspects of integrating renewables into the 

system. As a result, solar power forecasting is becoming 

increasingly important for grid stability, optimal unit 

commitment, and cost-effective dispatch. To overcome 

the problem, we employ machine learning techniques to 

sift through extraordinary solar radiation predicting 

models. For developing prediction models, a variety of 

regression algorithms are tested, including linear least 

squares and support vector machines with various kernel 

functions. We use day-ahead sun radiation data forecasts 

in these tests to show that a machine learning approach 

can correctly anticipate short-term solar power [2]. A 

hybrid or mixed forecasting method was developed by 

combining clustering, classification, and regression 

approaches to produce a forecasting model. Based on the 

weather forecast for the next day, the model (with the 

closest weather condition) is chosen to forecast the 

power output using cluster-wise regression [3]. 

Renewable energy sources are progressively being 

integrated into electric networks alongside nonrenewable 

energy sources, posing significant issues due totheir 

sporadic and erratic nature In order to address these 

issues, soft-computing solutions for energy prediction 

are essential.We apply a number of data mining 

methodologies, including preparing historical load data 

and analysing the features of the load time series, 

because electricity consumption is entangled with the 

usage of other energy sources like natural gas and oil. 

The trends in power consumption from renewable and 

nonrenewable energy sources were examined and 

contrasted. A novel machine learning-based hybrid 

technique (SVR) uses multilayer perceptron (MLP) and 

support vector regression [5].Using SVM regression, 

solar power generation produces acceptable results [6]. 

However, it lacks a detailed examination of solar power 

generation and meteorological data, and hence is 

restricted in its capacity to accurately predict other data 

sets by merely using different SVM kernels after some 

basic statistical data processing [8]. 

To study the association between expected weather 

conditions and power output created as a historical time 

series, artificial intelligence (AI) approaches are applied. 
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AI approaches use algorithms that can implicitly 

characterise the nonlinear and highly intricate 

relationship between input data (NWP predictions) and 

output power instead of formal statistical analysis. The 

ANN is a brain model that is based on biology. They're 

employed in a range of applications that use AI 

approaches including supervised, unsupervised, and 

reinforcement learning. The ANN learns from data in the 

supervised learning approach by being trained to 

approximate and estimate the function or relationship. 

[6]. 

Their models have been improved to predict PV plant 

power generation [4�7]. Even with the cloud graph from 

synchronous meteorological satellites, the significant 

unpredictability in critical components, particularly the 

diffuse component from the sky hemisphere, makes solar 

irradiance far less predictable than temperature. PV 

systems including a large number of different tiles 

deployed over a large area have additional challenges 

[12]. Because it is impossible to examine all connected 

meteorological forecasts in a practical context, many 

alternative alternatives have been devised. Weather 

forecasts from meteorological websites [8] were 

considered by some. Others used nonlinear modelling 

approaches like artificial neural networks to try to 

simplify the solar forecast model (ANN). Two types of 

networks are commonly used to forecast global solar 

radiation, solar radiation on titled surfaces, daily solar 

radiation, and short-term solar radiation: radial basis 

function (RBF) and multilayer perception (MLP). 

In a three-layer feed forward model, back-

propagation is the neural network training technique. To 

reduce forecast error, the input layer provides an error 

correction factor depending on the projected output for 

the previous 5 minutes. 

An LSTM network will learn a function that accepts 

a sequence of previous solar irradiance values as input 

and returns a solar irradiance value as output. Deep 

neural networks, such as the Deep Belief Network 

(DBN), will learn a function that takes a sequence of 

historical sun irradiance values as input and outputs a 

solar irradiance value. If a series of observations are 

converted into a variety of occurrences, an LSTM 

network can learn from them. The sequence is 

partitioned using LSTM for prediction purposes. 

3 PROPOSED WORK: 

For knowing how much power is generated from solar 

we have the dataset showing daily average temperature 

in Celsius, distance from solar noon, wind speed, wind 

direction, sky cover, and humidity and then the power 

generated. Here we are calculating how much power is 

generated in different weather condition for India dataset 

. We have taken Indian dataset with different 

temperature readings. The available dataset is based on 

hourly weather parameter values. To convert the data to 

mean values per day, the average of the 24-hour data 

was used. From 2019 to 2020, several weather factors 

were collected to investigate the relationship between 

mean solar irradiance and meteorological data in order to 

accurately estimate power generated. 

The proposed work's System Architecture is to first 

consider the dataset and preprocess the data, then divide 

it into train and test data, apply classification techniques, 

and predict the results. Solar power weather dataset is 

used for forecasting purposes in this case. Data 

preprocessing methods include cleaning, integration, 

reduction, and transmission. We must purge any data 

that is no longer absolutely necessary. Data cleaning is 

the process of identifying and removing inaccurate or 

incorrect records from a dataset. Data from the real 

world frequently contains noise and missing values, and 

it may be in an unusable format that cannot be directly 

used for DL models. Data preprocessing is required to 

clean data and prepare it for various Deep Learning 

models, increasing accuracy and efficiency. Training and 

testing data are separated from the preprocessed data. 

The model is trained using training data, and its 

predictions are validated using testing data. Data 

splitting is the process of dividing available data into two 

halves, usually for cross-validator purposes. The first set 

of data is used to build a predictive model, while the 

second set is used to evaluate the model's performance. 

In analyzing data mining algorithms, separating data into 

training and testing sets is crucial. The training 

percentage is set at 80% and the test percentage is set at 

20%. When a data set is divided into a training set and a 

testing set, the majority of the data is used for training 

and only a small portion is used for testing. To train any 

model, no matter what type of dataset is used, the dataset 

must be divided into training and testing data. The 

dataset will be examined for null values and outliers 

during the data preprocessing step, and the model will be 

trained using three hours of data before being used to 

forecast solar power generation value. The power 

generated radiance phase will be estimated using 

machine learning (ML) methods (e.g., support vector 

regression, linear regression, elastic net regression, and 

random forest) as shown in below Fig 1. 
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Fig.1 Flow chart for solar power generation 

4. Methodology:  

The current dataset is based on hourly weather parameter 

values. To convert the data to mean values per day, the 

average of the 3-hour data was used. Various weather 

characteristics were gathered in order to investigate the 

relationship between mean solar irradiance and 

meteorological data in order to accurately estimate mean 

solar irradiance. The average daily values of air 

temperature, humidity, wind speed, wind direction, 

visibility, average pressure, average wind speed, and 

electricity generated are among the data collected. The 

direction of the wind, on the other hand, indicates how 

high the sun is. It's also expressed in degrees. 

Machine Learning (ML) Models are used for 

forecasting the solar power generation weather analysis. 

The Regression techniques here proposed are Support 

Vector Machine, Random Forest, Linear Regression are 

various ML Models used in this paper.  

4.1 Forecasting models: 

In this study, we used the chosen dataset to evaluate 

individual performance using a number of 

meteorological attributes utilising three commonly used 

machine learning algorithms. The output of the unseen 

test sample is predicted to be the mean of these K closest 

matches because our prediction variable is continuous 

valued. We investigated a variety of K values, however 

only the results for K=3 and K=5 are presented. When K 

is more than 3, the RMS error increases. 

Support vector regression (SVR) using a radial basis 

function as the kernel and random forest (RF) 

approaches are used to create the models. Because of the 

non-linearity of the dataset, we used the models 

indicated above instead of linear models. The most basic 

and widely used regression method is linear regression 

(LR) [10].It uses linear predictor functions to represent 

the relationship between the input and output variables, 

and a least squares approach is used to estimate the 

unknown model parameters from the data. A set of linear 

equations or an iterative method like gradient descent 

can be used to estimate parameter values. We employed 

the characteristics provided in the, followed by feature 

scaling, to standardise the input data. SVR's precision 

varies depending on the kernel function and other 

variables. To discover the optimal settings, we employed 

the Grid search approach. To evaluate the models' 

performance on the test set, we computed the Root-

Mean-Square Error (RMSE) and R squared values. 

Before choosing the models with the lowest root mean 

squared error and highest R squared values, we fine-

tuned the model hyperparameters. Nonlinear 

relationships can be mapped using these methods. In 

data science challenges of various kinds, methods 

including decision trees, RF, and gradient boosting are 

commonly utilised.The RF method is a tree-based 

machine learning approach that can be used for 

regression and classification. It also performs 

dimensional reduction, controls missing and outlier 

values, and performs a variety of additional data 

exploration activities. The bagging approach is used to 

train RFs. This method allows for the usage of numerous 

instances for the training stage because the dataset is 

sampled with a replacement. Linear regression is a 

method for demonstrating the link between a dependent 

variable and one or more independent variables by using 

the best-fit linear curve. It is concerned with determining 

the best-fit line with the data by attaining a perfect slope 

and intercept value.The best model for forecasting solar 

power system output based on numerous weather 

parameters was then created. The models that gave the 

greatest results on the dataset were support vector 

regression, random forests, and linear regression, and 

these models were then utilized to anticipate PV system 

performance for 2019. Thanks to the predictive analysis, 

the estimated production in this situation ranges from 0 

to 1000 Watt hours. These models were then evaluated 

using the test data. The SVR model has an RMSE of 

135.7, while the random forest model has an RMSE of 

28.62 and the SVR model has an RMSE of 58.24. The 

random forest model's points are close to the regressed 

diagonal line, however the SVR model's points are not. 

5 RESULTS: 

A matrix of pair correlation coefficients is generated for 

a set of features under investigation in order to find 

collinear factors as shown in below Fig 1, Fig 2,Fig 3 

and Fig 4. 
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Fig 2 correlation matrix  

 

Fig 3:summer season  analysis  

 

Fig 4: rainy season analysis 

 

Fig 5: winter season analysis 

 

Fig 6: moderate analysis 

 

Fig7����	
����	����������
���	������� 

Here fig6 shows that how power is generated 

comparatively in different weather conditions where the 

x axis shows the power generated and y axis shows the 

distance from solar noon. It is nothing more than Solar 

noon occurs when the Sun passes through a location's 

meridian (a meridian is an imaginary line that runs from 

the North Pole to the South Pole along the Earth's 

surface.) and ascends to its highest point in the sky. In 

most cases, it does not occur at 12 p.m and as shown in 

above Fig 5 and Fig 6 and Below Fig 7. 
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Fig 8: Different temperature analysis results of how much 

power is generated. 

Fig6 says the power generated is read as Jules here 

where as temperature as in summer, rainy, winter and the 

moderate is said as the different weather condition. 

Dataset considered is the numerical dataset so we 

replaced them with string type where in dataset it is 

shown as 0 for rainy 1 for winter, 2 for moderate,3 for 

summer as shown in below Fig 9 and Fig 10. 

 

Fig 9: score of all the three model used in solar power analysis. 

 This fig8 shows that score of three different models 

used in this paper for solar power generation 

 

Fig 10: temperature difference and their power generated 

percentage accordingly. 

This shows that how much percentage of power is 

generated ass the temperature rises less than 46 Celsius 

�������������	�
�����	�����	��	
��
	���!���"!�#	������

��� $� ������ ����	
� �	���� temperature,56 to 66C is 2 

������ ���	
�	� �	��	
��
	� ��� !!� ��� &+#� ��� /� ������

summer season and as shown in below Table 1. 

Table 1: Model Prediction of RMSE, MAE, MAPE, and MBE 

and Accuracy 

Model RMSE MAE MSE Accuracy 

Support 

vector 

machine 

regressor 

131.44 77.16 172.76 -44.92 

Linear 

regression 

58.57 48.39 343.08 72.4 

Random 

forest 

regressor 

27.32 12.45 746.48 94.01 

6. Conclusion:  

We presented a machine learning-based approach for 

solar power generation analysis in this paper, which 

accurately forecasts power generated across India's states 

based on environmental data. Most importantly, our 

methodology went beyond prediction by delivering key 

results that aided in the understanding of solar power 

analysis (variable importance by time period). By a wide 

margin, the proposed method outperformed other 

popular methods, such as Random forest. The proposed 

models are SVR, LR, and RF. Compared to the 

temperature with the given data. 56-55F --30% power 

generation is increasing compared to other temperatures. 

Temperature <46F is 17% temperature average of it. As 

the above results, we can see that Random Forest 

Regressor model is performing better with 94.01% 

accuracy and hence that model is preferred for 

deployment.  
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leaves. Leaf Disease identification and Detection
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they can retort in dwarf time and decreasing the

loss and then can obtain immense profits. This

paper mainly focused at learning the disease of

plant through leaves. Here, we scrutinize the leaf
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Abstract

Prescient frameworks are the frameworks that are

wont to foresee some result based on some

example, acknowledgment. Diabetes illness

discovery is that the technique by which a patient's

determination is performed based on indications

examined, which may cause trouble while

foreseeing infection influence. For instance, fever

itself could be a manifestation of the numerous

scatters that do not tell the human services

proficient what precisely the sickness is. Since the

outcomes or feelings fluctuate from one doctor to
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an alternate, there is a necessity to help a

restorative doctor, which will have comparative

assessment positively side effects and clutters. It

may finish by breaking down the data created by

medicinal information or therapeutic records. In this

way, applying the AI calculations to foresee

diabetes ought to be completed.
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Deep Neural Network Model for Proficient Crop Yield 
Prediction 
 
K. Pravallika1, G. Karuna1*

, K. Anuradha1, V. Srilakshmi1 

1   Computer Science and Engineering, GRIET, Hyderabad, Telangana, India. 

Abstract. Crop yield forecasting mainly focus on the domain of agriculture research which has a 
great impact on making decisions like import-export , pricing and distribution of respective crops. 
Accurate predictions with well timed forecasts is very important and is a tremendously challenging 
task due to numerous complex factors. Mainly crops like wheat, rice, peas, pulses, sugarcane, tea, 
cotton, green houses etc. can be used for crop yield prediction. Climatic changes and unpredictability 
influence mainly on crop production and maintenance. Forecasting crop yield well before harvest time 
can help farmers for selling and storage. Agriculture deals with large datasets and knowledge process. 
Many techniques are there to predict the crop yield. Farmers are benefited commercially by these 
predictions. Factors such as Geno type, Environment , Climatic conditions and Soil types used in 
predicting the Yield. For predicting accurately we need to know the fundamental understanding and 
relationship between the interactive factors and the yield to reveal the relationships between the 
datasets which are comprehensive and powerful algorithms. Based on the study of various survey 
papers it has been found that in all the crop predictions, various deep learning, machine learning and 
ANN algorithms implemented to predict yield forecast and the results are analyzed. 

1. Introduction 

Yield forecasting of Crop is very essential for the 
production of food globally. Accurate forecasting can 
be done by policy makers to take timely decisions to 
import and export in terms of improving the national 
food security. Seed companies must forecast new 
hybrids in order to breed better varieties for various 
types of environments. Financial decisions can be 
easily taken and get benefitted by farmers and 
Growers. Genotype and Environmental interactions 
are highly complex characteristics. Genotype means 
the genetic characteristic of individual for particular 
trait and phenotype of individual deals with 
observable characteristics like physical, 
physiological, biochemical and behavioral. For 
example, length of the plant is one type of phenotype 
trait.  
 

High dimensional marker data typically contains 
millions of markers for each plant individual and is 
represented by genotype.  

 
*Corresponding author: karunavenkatg@gmail.com 

 

The impact of genetic markers must be estimated, 
which results in interactions with various 
environmental factors and field management 
activities that must be calculated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
   
Fig.1.Genotype, phenotype and environmental interactions 
 

Alleles is the alternative word for genes and  each 
individual inherits two alleles for a character one 
from male and one from female. Two alleles can be 
same (TT or tt) or different (Tt).  
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Fig.2. Alleles, genes and traits 
 

Dominant allele that expresses itself and recessive 
allele unable to express itself. For a particular 
individual if the dominant allele and recessive allele 
is known then prediction of phenotype will become 
simple. 

 
 Environmental factors will have great effect on 

genotype. One of the explicit functions is phenotype, 
which consists of genotype is treated as G, E as 
environment, and their interactions are considered as 
G*E and is treated as noise. 

 

Fig.3. G*E interactions 

Group of environments will share same type of 
varieties can be considered as mega environments. 
Kharif (july-oct) and Rabi(mar-june) are the two 
main seasons for growing different crops. Rice, 
maize, sorghum, bajra, ragi, pulses, soyabean, 
groundnut and cotton are the crops grown in kharif 
season.  

 
Wheat, barley, oats, chick pea, mustard seeds are 

grown in rabi season. Syngenta is one of the 
company which provides the data for crop 
predictions. Climate data, which encompasses length 
of day, rainfall patterns, radiation from the sun, air 
humidity, min and max temperatures, is indeed one 
of the factors. 

 

2. Related Work 

In the Region of maharashtra, algorithms are used to 
predict paddy crop yields using anns[2]. 
Maharashtra's 27 districts have datasets inferred from 
available public Indian government records. When 
predicting, snowfall, lower limit temperature, mean 
temperature, highest temperature, region, output, and 
harvest are all factored into the equation.Weka tool is 
used for processing the dataset. In this rice crop 
prediction a multilayer perceptron neural network 
and is better than the regression models.Multilayer 
perceptron, radial basis function networks, and 
kohonen self organising feature maps are used in 
neural network[17] models. 

 
Machine learning approaches are used to predict 

crop yields, and they are implemented in the PHP 
platform.Temperature, area, humidity, and 
production are used to predict tomato crop 
parameters. Ch.Vishnuvardhan Chowdary, 
Dr.K.Venkataramana[3] developed id3 algorithm for 
quality crop yield prediction.  Different types of 
fertilizers are used to increase fertility of soil by 
adding nitrogen nutrients. Pesticides are used to 
remove the pest from the crop.Gradient boosting 
regressor uses cross validation to get more accuracy 
i.e 87.9% .Random forest regressor gets the accuracy 
of 98.9%. 

 
Crop yield prediction develops a mobile 

application design and implementation using machine 
learning[4]  it mainly helps the farmers to  predict 
production of specific crop in particular regions. 
Rainfall and temperature are the physical parameters 
used in predicting the yield of crop. The app is 
intended to help farmers by requiring them to enter 
information such as location, farm size, size, 
temperature, rainfall, and crop dataset.To train the 
dataset ARIMA model is used. Accurate prediciton 
can be done based on the availablity of quality data. 
Python, data processing, and Android Studio are used 
to design the application. Intelligrow is the smart 
phone application in which the results are potrayed in 
systematic manner. 

 
The learning algorithm to forecasting banana 

cultivation yields[5] utilises long - short - term 
memory strands with various perceptrons. 
Information is derived from beneficiaries (ARB) of 
Dapco in Davao del Norte, Philippines.Epoch, batch 
size, neurons are used as model parameters to 
identify the optimal values. Floods and droughts are 
the extreme events. Banana is the tropical fruit crop 
in philipiness. 
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In order to derive and refine yield prediction data, 
a review of research for estimation using machine 
learning[6] was initiated. Six databases were 
searched were used to find 567 related research, of 
which 50 have been chosen for some further 
exploration based on selected studies. Air temp, soil 
moisture, and soil composition are all used by 
artificial intelligence. Popular deep neural networks 
are CNN, LSTM, and DNN. Machine learning 
historical data is used for training phase and testing 
phase for performance evaluation. The literature 
review and study objectives serve as basis for 
descriptive and inferential machine learning 
algorithms. Models of description allow for the 
acquisition of knowledge from collected data. 
Predicting future result can be done for predictive 
models. Systematic literature review(SLR) gives the 
overview of the crop yield[13] prediction and its 
result is different from other results. Objectivity and 
transparency are the SLR factors. 

 
An ANN-based weather prediction model [7] 

asserts a linear correlation between both the weather 
data entry and the known target data. Atmosphere 
and state of given location is predicted in weather 
forecasting which collects the quantitative data. To 
protect life and property weather warnings are the 
important forecasts. ANN mainly minimizes the 
error.Temperature forecasts have special interest on 
minimum and maximum temperature of day. For 
winter , summer and fall training and testing is done 
separately. RBFN  and ensembles outperformed all 
single networks. 

 
Recursive neural network (BPN) [8] has the key 

advantage of being comparatively imprecise for a 
multitude of tasks. A multilayer perceptron has 3 
levels: the input nodes, the intermediate hidden 
nodes, and the output units. Factor analytic models 
are used to join environments and genotypes that do 
not have cross-over genotype * environment 
interactions[9].  Prediction assessment of  
environmental trains[11] using linear mixed 
models[18]. Syngenta datasets are used for predicting 
the yield of the crop across different countries. Crop 
yield prediction using deep neural networks[1] uses 
various algorithms like LSTM , lasso and regression 
trees.  

Agriculture deals with large datasets and 
knowledge process[12]. Many techniques are used to 
predict the yield of the crops. Neural pathways and 
sophisticated systems are used for massive volumes 
of data[18]. They used a replacement algorithm to 
determine yield in this research study. The pH level, 
amount of nitrogen, amount of carbon, weather 
patterns, temp, types of soil, and amount 

of  phosphate are among the parameters.The primary 
goal of agriculture is to maximise value. Because 
large-scale climatological phenomena have an overly 
negative impact on agriculture, it is critical to clarify 
the rainfall patterns of a selected point.There is a lot 
of research going on with pulses, wheat, rice, 
sugarcane, and onions. More accurate predictions 
using meteorological data is an intelligent 
system.Statistical models and crop simulation models 
are the two groups of prediction models and 
applications[14]. ANN and genetic algorithms are 
efficient than traditional methods because there are 
easy and accurate for complex inputs.If ANN uses 
climate factor effective then farmers can use it 
efficiently. 

 
ANNs are computational systems that processes 

like biological networks that constitute animal brains. 
Learning through experiences known as 
computational ability. Classification is made up of a 
group of simple computing units known as 
processing elements that are associated together in a 
multifaceted communication system, much like the 
human brain.Feed forward and back propagation are 
two common neural network architectures. A feed 
forward system as well as interpretation is a network 
that has no feedback mechanism. The flow of the 
system is uni - directional. A node transmits 
messages to another access point but obtains no 
response. 

 

 
 
Fig.4. Back propagation 

 
Back propagation seems to be a supervised 

classifier learning that describes how a neural 
network is trained. Network should provide with 
sample inputs and desired outputs.Following 
computations, the final output is compared to the 
actual output for a given input.Back propagation has 
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three phases: feed forward, back propagation of error, 
and weight updating. 

 
Estimation of wheat crop yield have used a deep 

Lstm network [18] is a low-cost method of crop yield 
prediction because satellite images are obtained from 
publicly available sources. Tehsil (block) levels are 
proposed for wheat predictions across several states 
in India and outperformed the existing methods. 
Remote sensing data is important popular source of 
data for various applications like income prediction,  
yield prediction etc.while prior methods involve in 
extracting  handcrafted or rudimentary features such 

as histograms where as this paper works on satellite 
images and allows model for learning yield 
prediction.For geographical area yield estimates 
depends on factors like waterbodies, urbanization etc. 
For data temporal features are modelled using deep 
LSTM model. Evaluation and validation of approach 
is done for tehsil level wheat prediction for seven 
states in India. To train proposed deep learning 
models used MODIS surface reluctance multi-
spectural satellite images and land classification 
maps.The model outperformed traditional remote 
sensing methods by 70% and deep learning models 
by54%. 

 

Fig.5. CNN-LSTM architecture 

Crop yield prediction using deep Gaussian process 
based on remote sensing data [15] says that it is an 
inexpensive method for accurate prediction. In three 
ways existing techniques are improved firstly they forego 
traditional features and next they undergo modern 
approaches based on remote sensing. Novel 
dimensionality reduction technique is introduced to train 
CNN or LSTM network based on labeled training data it 
will automatically learn the features. Finally, in order to 
improve accuracy, spatiotemporal data, the Gaussian 
model is expressly utilized. We put our technique to the 
assessment on province soybean predictive modeling in 
the U.s, and it surpasses competing firm procedures. 

 
A new dimensionality reduction technique is used 

to fulfill the demands of training phase. Raw images are 
treated as histograms of pixel counts to achieve 
tractability mean field[15]  approximation is used.CNN 
and LSTM are trained on histograms to predict the 
yield.It does not explicitly account for spatiotemporal 
dependencies between data points but performs well, for 
example, due to common soil properties. we have a 
tendency to overcome this limitation by incorporating a 
mathematician method layer on prime of our neural 
network[10] models.Other traditional remote sensing-

based models were outperformed by 30 percent in 
aspects of RMSE and   15percent of its total in aspects of 
MAPE. Deep learning models are complex non linear 
mappings used for learning hierarchical representation of 
data. CNN, DNN, LSTM consists of the set of layers 
where the output of one layer is the input of the next 
layer. 

 

 
 
     Fig.6.  LSTM structure 
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Fig.7. 3-D histogram visualization 
 

 
 
Fig.8. CNN structure 

 
3. Flowchart For Crop Yield          

Prediction 
 

 
 

4. Methods For Predicting Crop Yield 
 
4.1 Artificial Neural Networks (ANNs) 
 
Artificial neural networks performed better than 
multivariate regression. Back propagation neural network 
technique is one of the best performing algorithm. 
Artificial neural network uses back propagation. The 
multilayer perceptron seems to be the most frequently 
used neural network in latest studies. The input data, the 
hidden neurons, and the network output are required for 
ANN, and it outdoes prediction models[2]. Biological 
neural mechanisms in the human brain are one type of 
concept for ANN structure. Neurons in the human brain 
are integrated and used to design the interdependencies 
for refining. A neurological network is made up of nodes 
or units, which are integrated structures. Every 
component is built to look like its biological counterpart, 
a neuron. Each unit receives and replies to a weighted set 
of input data. The Artificial Neural Network (ANN) [19] 
technique is based on a biological system model. The 
crucial element of this technique is the novel structure of 
the understanding process system. Associate degree 
ANN is developed for a single application, including 
such pattern classification or information classification, 
using a learning method. 
 

 
Fig.9. Forward and Backward Propagation 

 

4.2 Deep Learning Networks (DLNs) 

Deep learning models are neurons that are used in deep 
learning approaches. CNN, RNN, LSTM, and DNN are 
outscored by Lasso, shallow neural networks, regression 
models, deep learning methods, fully convolutional 
neural networks, and rnns. Deep neural networks stand to 
gain from cutting-edge simulation and methods applied. 
Feature selection can be accomplished by decreasing the 
dimension of the input space used to train the DNN 
model. As it has numerous non-linear stacked layers 
which convert the input to the system into an elevated 
and more conceptual representation to every stacked 
layer, it can find the underpinning representation of data 
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in the apparent lack of feature input data. More 
complicated features are extracted as the system grows 
deeper, resulting in high precision. It is known to be an 
ubiquitous approximator function if the right variables 
are provided, which means it can estimate almost any 
feature but is difficult to choose the right parameters. 

4.2.1 Shallow Neural Network 
 
One or multiple hidden layers are prevalent in shallow 
neural network models. Recognizing a shallow neural 
network can make you realize what tends to happen in a 
deep network. The section outlines a shallow neural 
network with one hidden units, one input nodes, and one 
output neurons. 
 
 

 
 
 
 
 
 
 

Fig.10. Shallow Neural Network 
 
4.2.2 Convolution Neural Network 
 
    It is indeed a deep learning method that generates an   
image representation and designates weight values to 
various objects in the scene to discern them from each 
other.The below figure is the convolution neural network 
is sequence for classifiying handwritten digits. 
 

 

Fig.11. Convolution Neural Network 
 

4.2.3 Recurrent Neural Network (RNN) 

The recurrent neural network model [20] adds a twist 
for basic neural network. A vanilla neural network takes 
input as fixed vector size and limits the usage to 
situations which involves series type input with no 
planned size. Recurrent neural network remembers the 
past and are influenced by the decisions in past. They 
can take one or more inputs and gives one or more 
outputs as vector. 

     

      Fig.12. Recurrent Neural Network 
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4.2.4 Long Short Term Memory (LSTM) 

Long Short Term Memory Models (LSTMMs) are 
designed essential to tackle the long-term correlation 
issue that exists in recurrent neural networks due to the 
vanishing gradient troubles.To make more traditional 
feed forward neural network LSTMs have feed back 
connections. They process the sequence of data entirely 
without treating each point independently and the useful 
information is retained about the previous data and it 
helps for processing the new data points. For text, 
speech and general-time series LSTMs are good for 
such sequences of data. 
 
4.2.5 Deep Neural Networks 

For association of input and outputs deep learning 
algorithms are used along with networks. Deep refers to 
large amount of layers along with weights and biases 
can be able to solve for more complex functions. 

 

Fig.13. Deep Neural Networks 

4.3 Machine Learning Techniques 
 
Machine learning models used to anticipate crop growth 
include regression analysis, gradient boosting regressor 
model, random forest regressor model,  decision tree 
regressor modle, polynomial regression technique, and 
ridge regression technique.Out of all random forest 
regressor[3] and gradient boosting regressor[3] gives 
best accuracy with cross validation.  
 
4.3.1 Linear Regression Model 
 
It is just a sequential model that represents the linear 
relation among an input parameter (x) and a single 
output unit (y) for combinations of the input parameter 
(x) (y). Single input variable is considered as a simple 
linear regression and multiple input variable is 
considered as a multiple linear regression.Most common 
data and method is treat the ordinary least squares 
method. 
 
 
 

4.3.2 Gradient Boosting Regressor 
 
Gradient Boosting is a  kind of regression method. GB 
builds an ingredient model series of steps, letting the 
tuning of absolute discrete loss functions. A regression 
tree performs the amount of boosting phases in each 
phase by working on the negative slope of the given 
deficit. 
 
4.3.3 Random Forest Regressor 
 
So every decision tree has a large variance; 
nevertheless, when we incorporate them all at once, the 
eventual variance is lesser because each tree is wholly 
trained on suitable sample knowledge, and thus the 
outcome does not rely solely tree structure but on 
multiple call trees. In the occurrence of a classification 
error, the bulk vote classifier is used to produce the final 
output. In the scenario of a regression flaw, the final 
output is the mean of all the outcomes. Aggregation is 
the name given to this part of the equation. 
 
4.3.4 Decision Tree Regressor 
 
In attempt to provide tangible continuous output, 
decision tree predictor scrutinises an object's choices 
and trains a framework within the structure of a tree to 
anticipate knowledge in the future. Constant output 
insinuates that the emission is not distinguishable, that it 
cannot be characterised simply by a distinct, well-
known group of statistics or value systems.. 
 
4.3.5 Polynomial Regression 
 
Polynomial Regression is a common formula that does 
use an ordinal degree polynomial to quantify the 
relationship between a predicated (y) and an 
independent variable (x). The Unique Instance of 
Multiple Statistical Residuals in Cubic Cm is another 
name for it. As a result, in required to persuade the 
Multiple Statistical Coefficient of determination to 
Polynomial Correlation, we add some polynomial 
conditions to it. It is a linear classifier that has been 
improved in high precision. The mentoring set of data 
used in Polynomial regression is not deterministic. It 
hires a statistical regression model to adapt the tough 
and non-linear features and data sources. 
 
4.3.6 Ridge Regression 
 
Ridge regression is a concept standard setting technique 
that might be used to analyse any statistics that has 
experienced from repeated measures. This method 
employs L2 regularisation.once the problem of multiple 
regression happens, least-squares ar unbiased, and 
variances ar giant, this ends up in foreseen values to be 
far-flung from the particular values. 
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5. Comparision of crop yield prediction with 
    different models 
 
5.1 Artificial Neural Networks 
 
The table below contrasts R, MEA, as well as MSE[16] 
for crop varieties when using artificial neural systems 
imperialistic competitive optimization technique and 
grey wolf optimization method models to examine 
effectiveness.    
     

Table1. ANN-ICA and ANN-GWO with R, MEA and 
RMSE 

 
 
 
Crops 

R MEA (%) RMSE (%) 

ANN
-ICA 

ANN
-

GW
O 

ANN
-ICA 

ANN
-

GW
O 

ANN
-ICA 

ANN
-

GW
O 

Wheat 0.35 0.49 35.6 33.40 8.58 8.41 

Barley 
 

0.38 0.43 12.10 12.25 0.42 0.63 

Potato 0.81 0.81 22.8 22.25 0.78 0.76 

Sugar 
Beet 

0.24 0.26 39.0 39.12 3.35 3.44 

Averag
e 

0.45 0.50 27.3 26.68 3.30 3.29 

 
5.2 Deep Neural Networks 
 
The table compares different deep learning models 
based on response variable, training RMSE, validation 
RMSE, training and validation correlation coefficients 
for yield, check yield, and difference. 
 

Table 2.Training and validation comparisons of  different 
deep neural network algorithms 

 
 
Mod
el 

Respon
se 

variabl
e 

Traini
ng 
RMS

E 

Trainin
g 

correla
tion 

coeffici
ent(%) 

 

Valida
tion 

RMSE 

Validat
ion 

correla
tion 

coeffici
ent (%) 

DN
N 

Yield 10.53 88.31 12.8 82.91 

Check 
yield 

8.22 91.01 11.39 85.49 

Yield 
differen

ce 
11.80 45.89 12.50 29.31 

LAS
SO 

Yield 20.32 36.69 21.43 27.66 

Check 
yield 

18.87 28.51 19.89 23.01 

Yield 
differen

ce 
15.33 19.79 13.12 6.88 

SNN 

Yield 12.98 80.29 18.09 60.10 

Check 
yield 

10.25 71.19 15.15 60.50 

Yield 
differen

ce
9.98 58.76 15.16 11.36 

RT 

Yield 14.38 76.75 15.30 73.85 

Check 
yield

14.57 82.01 14.88 69.98 

Yield 
differen

ce
17.68 21.15 15.93 5.12 

 

 
Corn and soyabean crops are compared using Training 
and validation RMSE, training and validation 
correlation coeffients for CNN and RNN algorithms. 
 
Table 3. CNN and RNN comparing corn and soyabean crops 

 
 

5.3 Machine Learning 
 

When accuracy, recall, and F1-score are being used 
to make comparisons different algorithms such as 
logistic regression model , decision tree method, 
Random Forest model, and k nearest neighbour as well 
as svms, logistic regression  model performed the best. 

 

Resp
onse 

Model Trai
ning 
RMS

E 

Training 
correlati

on 
coefficie
nt(%) 

 

Validat
ion 

RMSE 

Validati
on 

correlati
on 

coefficie
nt(%) 

Corn 

CNN-
RNN 
(W)

17.15 89.02 24.79 72.18 

CNN-
RNN 
(S)

19.16 84.72 24.43 73.82 

CNN-
RNN 
(M)

27.77 69.59 34.03 33.99 

Avera
ge 

38.51 0.04 35.66 0.01 

Soya 
bean 

CNN-
RNN 
(W)

4.6 89.65 5.98 78.80 

CNN-
RNN 
(S)

5.64 83.26 5.94 81.28 

CNN-
RNN 
(M)

7.87 59.84 8.66 48.77 

Avera
ge 

10.29 0.01 10.11 0.05 
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Table 4. Machine learning algorithms accuracy comparison 
 

Algorithm Precision Recall  F1-Score Acc
ura
cy(1
00
%) 

Cl
ass 
0 

Cla
ss 1 

Cla
ss 0 

Cl
as
s 
1 

Cl
ass 
0 

Cla
ss 1 

Logistic 
Regression 

1 1 1 1 1 1 100 

Decision 
Tree 

1 0.90 0.83 1 0.9
1 

0.95 93.3 

Random 
Forest 

1 0.90 0.83 1 0.9
1 

0.95 93.3 

K Nearest 
Neighbor 

1 0.82 0.63 1 0.8
0 

0.90 86.6
6 

Support 
Vector 
Machine  

0 0.60 0 1 0 0.75 60 

 
Deep learing and machine learning algorithms        

comparison using mean absolute percentage error and 
finding the best performer algorithm using accuracy 
measure. 

 
Table 5.Various deep learning and ML algorithms comparison 

 
Model Accuracy 

Measure(%) 
MAPE(%) 

DRL 93.7 17 

BDN 92.1 20 

BAN 91.7 27 

IDANN 91 29 

RAE 90.7 32 

DL 91.85 28 

ANN 90.5 38 

RF 70.7 53 

GB 81.2 41 

 

 Table below shows Rice, millet and paddy crops 
comparison using different algorithms and choosing the 
best performer using accuracy among all the algorithms 
Random forest gives best result for prediction. 
 

Table 6. Comparing table for Rice, Millet and Paddy for 
                various Models 
 

Model Accuracy 
Measure (%) 

Crop 

Multilayer perceptron 97.5 Rice 

RBF Neural network 96.77 Rice 

Random forest classifier 99.74 Millet 

Deep reinforcement 
Learning 

93.7 Paddy 

 

6. Conclusion 
 

This paper gives a detailed  analysis of different 
approaches used for crop yield prediction.Various 
algorithms are mentioned along with the datasets and 
results. Different types of crops used for prediction 
purpose in different seasons are mentioned.various 
crops are used for prediction using different 
classification techniques, depending on the factors used 
more accurate results are generated. Climatic conditions 
plays a major role in yield. Crop yield prediction mainly 
depends on factors so while using any techniques need 
to consider the factors accurately gives effective results 
and helps in making good decisions for import and 
export and better pricing of respective crops. This work 
can be used to extend these approaches for and to 
achieve better results for future enhancements. 
 
7. Nomenclature 
 
CNN    -   Convolutional Neural Network 
RNN    -  Recurrent Neural Network 
RT       -  Regression tree 
DL       -    Deep Learning 
ANN    -  Artificial Neural Networks 
GB       -   Gradient Boosting  
DRL    -    Deep Reinforcement Learning 
ARIMA - AutoRegressive Integrated Moving Average 
LSTM  - Long Short Term Memory 
DNN    - Deep Neural networks 
MAPE  - Mean Absolute Percentage Error 
RMSE  - Root mean square error 
MEA   - Means end analysis 
MSE    -   Mean square error 
BDN    -   Deep Belief Network 
BAN    -  Born again neural networks 
IDANN -   Internal Deep Generative Artificial Neural  
                  Networks 
RAE      -   Robust Adaboost RT based Ensemble 
R            -   Range 
MODIS  -   Moderate Resolution Imaging Spectroradiometer 
LASSO  -   Least Absolute Shrinkage and Selection 
                   Operator 
ANN-ICA  - Artificial Neural Networks -imperialist  
                     competitive algorithm 
ANN-GWO  -    Artificial Neural Networks -Gray Wolf  
                           Optimizer of Neural Networks                   
CNN-RNN(W) - Convolutional Neural Networks-Recurrent  
                            Neural Networks( weather data) 
CNN-RNN(S)  -  Convolutional Neural Networks-Recurrent  
                            Neural Networks( soildata) 
CNN-RNN(M) -  Convolutional Neural Networks-Recurrent  
                            Neural Networks( managementdata) 
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Deep Neural Network Model for Proficient Crop Yield 
Prediction 
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Abstract. Crop yield forecasting mainly focus on the domain of agriculture research which has a 
great impact on making decisions like import-export , pricing and distribution of respective crops. 
Accurate predictions with well timed forecasts is very important and is a tremendously challenging 
task due to numerous complex factors. Mainly crops like wheat, rice, peas, pulses, sugarcane, tea, 
cotton, green houses etc. can be used for crop yield prediction. Climatic changes and unpredictability 
influence mainly on crop production and maintenance. Forecasting crop yield well before harvest time 
can help farmers for selling and storage. Agriculture deals with large datasets and knowledge process. 
Many techniques are there to predict the crop yield. Farmers are benefited commercially by these 
predictions. Factors such as Geno type, Environment , Climatic conditions and Soil types used in 
predicting the Yield. For predicting accurately we need to know the fundamental understanding and 
relationship between the interactive factors and the yield to reveal the relationships between the 
datasets which are comprehensive and powerful algorithms. Based on the study of various survey 
papers it has been found that in all the crop predictions, various deep learning, machine learning and 
ANN algorithms implemented to predict yield forecast and the results are analyzed. 

1. Introduction 

Yield forecasting of Crop is very essential for the 
production of food globally. Accurate forecasting can 
be done by policy makers to take timely decisions to 
import and export in terms of improving the national 
food security. Seed companies must forecast new 
hybrids in order to breed better varieties for various 
types of environments. Financial decisions can be 
easily taken and get benefitted by farmers and 
Growers. Genotype and Environmental interactions 
are highly complex characteristics. Genotype means 
the genetic characteristic of individual for particular 
trait and phenotype of individual deals with 
observable characteristics like physical, 
physiological, biochemical and behavioral. For 
example, length of the plant is one type of phenotype 
trait.  
 

High dimensional marker data typically contains 
millions of markers for each plant individual and is 
represented by genotype.  

 
*Corresponding author: karunavenkatg@gmail.com 

 

The impact of genetic markers must be estimated, 
which results in interactions with various 
environmental factors and field management 
activities that must be calculated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
   
Fig.1.Genotype, phenotype and environmental interactions 
 

Alleles is the alternative word for genes and  each 
individual inherits two alleles for a character one 
from male and one from female. Two alleles can be 
same (TT or tt) or different (Tt).  
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Fig.2. Alleles, genes and traits 
 

Dominant allele that expresses itself and recessive 
allele unable to express itself. For a particular 
individual if the dominant allele and recessive allele 
is known then prediction of phenotype will become 
simple. 

 
 Environmental factors will have great effect on 

genotype. One of the explicit functions is phenotype, 
which consists of genotype is treated as G, E as 
environment, and their interactions are considered as 
G*E and is treated as noise. 

 

Fig.3. G*E interactions 

Group of environments will share same type of 
varieties can be considered as mega environments. 
Kharif (july-oct) and Rabi(mar-june) are the two 
main seasons for growing different crops. Rice, 
maize, sorghum, bajra, ragi, pulses, soyabean, 
groundnut and cotton are the crops grown in kharif 
season.  

 
Wheat, barley, oats, chick pea, mustard seeds are 

grown in rabi season. Syngenta is one of the 
company which provides the data for crop 
predictions. Climate data, which encompasses length 
of day, rainfall patterns, radiation from the sun, air 
humidity, min and max temperatures, is indeed one 
of the factors. 

 

2. Related Work 

In the Region of maharashtra, algorithms are used to 
predict paddy crop yields using anns[2]. 
Maharashtra's 27 districts have datasets inferred from 
available public Indian government records. When 
predicting, snowfall, lower limit temperature, mean 
temperature, highest temperature, region, output, and 
harvest are all factored into the equation.Weka tool is 
used for processing the dataset. In this rice crop 
prediction a multilayer perceptron neural network 
and is better than the regression models.Multilayer 
perceptron, radial basis function networks, and 
kohonen self organising feature maps are used in 
neural network[17] models. 

 
Machine learning approaches are used to predict 

crop yields, and they are implemented in the PHP 
platform.Temperature, area, humidity, and 
production are used to predict tomato crop 
parameters. Ch.Vishnuvardhan Chowdary, 
Dr.K.Venkataramana[3] developed id3 algorithm for 
quality crop yield prediction.  Different types of 
fertilizers are used to increase fertility of soil by 
adding nitrogen nutrients. Pesticides are used to 
remove the pest from the crop.Gradient boosting 
regressor uses cross validation to get more accuracy 
i.e 87.9% .Random forest regressor gets the accuracy 
of 98.9%. 

 
Crop yield prediction develops a mobile 

application design and implementation using machine 
learning[4]  it mainly helps the farmers to  predict 
production of specific crop in particular regions. 
Rainfall and temperature are the physical parameters 
used in predicting the yield of crop. The app is 
intended to help farmers by requiring them to enter 
information such as location, farm size, size, 
temperature, rainfall, and crop dataset.To train the 
dataset ARIMA model is used. Accurate prediciton 
can be done based on the availablity of quality data. 
Python, data processing, and Android Studio are used 
to design the application. Intelligrow is the smart 
phone application in which the results are potrayed in 
systematic manner. 

 
The learning algorithm to forecasting banana 

cultivation yields[5] utilises long - short - term 
memory strands with various perceptrons. 
Information is derived from beneficiaries (ARB) of 
Dapco in Davao del Norte, Philippines.Epoch, batch 
size, neurons are used as model parameters to 
identify the optimal values. Floods and droughts are 
the extreme events. Banana is the tropical fruit crop 
in philipiness. 
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In order to derive and refine yield prediction data, 
a review of research for estimation using machine 
learning[6] was initiated. Six databases were 
searched were used to find 567 related research, of 
which 50 have been chosen for some further 
exploration based on selected studies. Air temp, soil 
moisture, and soil composition are all used by 
artificial intelligence. Popular deep neural networks 
are CNN, LSTM, and DNN. Machine learning 
historical data is used for training phase and testing 
phase for performance evaluation. The literature 
review and study objectives serve as basis for 
descriptive and inferential machine learning 
algorithms. Models of description allow for the 
acquisition of knowledge from collected data. 
Predicting future result can be done for predictive 
models. Systematic literature review(SLR) gives the 
overview of the crop yield[13] prediction and its 
result is different from other results. Objectivity and 
transparency are the SLR factors. 

 
An ANN-based weather prediction model [7] 

asserts a linear correlation between both the weather 
data entry and the known target data. Atmosphere 
and state of given location is predicted in weather 
forecasting which collects the quantitative data. To 
protect life and property weather warnings are the 
important forecasts. ANN mainly minimizes the 
error.Temperature forecasts have special interest on 
minimum and maximum temperature of day. For 
winter , summer and fall training and testing is done 
separately. RBFN  and ensembles outperformed all 
single networks. 

 
Recursive neural network (BPN) [8] has the key 

advantage of being comparatively imprecise for a 
multitude of tasks. A multilayer perceptron has 3 
levels: the input nodes, the intermediate hidden 
nodes, and the output units. Factor analytic models 
are used to join environments and genotypes that do 
not have cross-over genotype * environment 
interactions[9].  Prediction assessment of  
environmental trains[11] using linear mixed 
models[18]. Syngenta datasets are used for predicting 
the yield of the crop across different countries. Crop 
yield prediction using deep neural networks[1] uses 
various algorithms like LSTM , lasso and regression 
trees.  

Agriculture deals with large datasets and 
knowledge process[12]. Many techniques are used to 
predict the yield of the crops. Neural pathways and 
sophisticated systems are used for massive volumes 
of data[18]. They used a replacement algorithm to 
determine yield in this research study. The pH level, 
amount of nitrogen, amount of carbon, weather 
patterns, temp, types of soil, and amount 

of  phosphate are among the parameters.The primary 
goal of agriculture is to maximise value. Because 
large-scale climatological phenomena have an overly 
negative impact on agriculture, it is critical to clarify 
the rainfall patterns of a selected point.There is a lot 
of research going on with pulses, wheat, rice, 
sugarcane, and onions. More accurate predictions 
using meteorological data is an intelligent 
system.Statistical models and crop simulation models 
are the two groups of prediction models and 
applications[14]. ANN and genetic algorithms are 
efficient than traditional methods because there are 
easy and accurate for complex inputs.If ANN uses 
climate factor effective then farmers can use it 
efficiently. 

 
ANNs are computational systems that processes 

like biological networks that constitute animal brains. 
Learning through experiences known as 
computational ability. Classification is made up of a 
group of simple computing units known as 
processing elements that are associated together in a 
multifaceted communication system, much like the 
human brain.Feed forward and back propagation are 
two common neural network architectures. A feed 
forward system as well as interpretation is a network 
that has no feedback mechanism. The flow of the 
system is uni - directional. A node transmits 
messages to another access point but obtains no 
response. 

 

 
 
Fig.4. Back propagation 

 
Back propagation seems to be a supervised 

classifier learning that describes how a neural 
network is trained. Network should provide with 
sample inputs and desired outputs.Following 
computations, the final output is compared to the 
actual output for a given input.Back propagation has 
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three phases: feed forward, back propagation of error, 
and weight updating. 

 
Estimation of wheat crop yield have used a deep 

Lstm network [18] is a low-cost method of crop yield 
prediction because satellite images are obtained from 
publicly available sources. Tehsil (block) levels are 
proposed for wheat predictions across several states 
in India and outperformed the existing methods. 
Remote sensing data is important popular source of 
data for various applications like income prediction,  
yield prediction etc.while prior methods involve in 
extracting  handcrafted or rudimentary features such 

as histograms where as this paper works on satellite 
images and allows model for learning yield 
prediction.For geographical area yield estimates 
depends on factors like waterbodies, urbanization etc. 
For data temporal features are modelled using deep 
LSTM model. Evaluation and validation of approach 
is done for tehsil level wheat prediction for seven 
states in India. To train proposed deep learning 
models used MODIS surface reluctance multi-
spectural satellite images and land classification 
maps.The model outperformed traditional remote 
sensing methods by 70% and deep learning models 
by54%. 

 

Fig.5. CNN-LSTM architecture 

Crop yield prediction using deep Gaussian process 
based on remote sensing data [15] says that it is an 
inexpensive method for accurate prediction. In three 
ways existing techniques are improved firstly they forego 
traditional features and next they undergo modern 
approaches based on remote sensing. Novel 
dimensionality reduction technique is introduced to train 
CNN or LSTM network based on labeled training data it 
will automatically learn the features. Finally, in order to 
improve accuracy, spatiotemporal data, the Gaussian 
model is expressly utilized. We put our technique to the 
assessment on province soybean predictive modeling in 
the U.s, and it surpasses competing firm procedures. 

 
A new dimensionality reduction technique is used 

to fulfill the demands of training phase. Raw images are 
treated as histograms of pixel counts to achieve 
tractability mean field[15]  approximation is used.CNN 
and LSTM are trained on histograms to predict the 
yield.It does not explicitly account for spatiotemporal 
dependencies between data points but performs well, for 
example, due to common soil properties. we have a 
tendency to overcome this limitation by incorporating a 
mathematician method layer on prime of our neural 
network[10] models.Other traditional remote sensing-

based models were outperformed by 30 percent in 
aspects of RMSE and   15percent of its total in aspects of 
MAPE. Deep learning models are complex non linear 
mappings used for learning hierarchical representation of 
data. CNN, DNN, LSTM consists of the set of layers 
where the output of one layer is the input of the next 
layer. 

 

 
 
     Fig.6.  LSTM structure 
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Fig.7. 3-D histogram visualization 
 

 
 
Fig.8. CNN structure 

 
3. Flowchart For Crop Yield          

Prediction 
 

 
 

4. Methods For Predicting Crop Yield 
 
4.1 Artificial Neural Networks (ANNs) 
 
Artificial neural networks performed better than 
multivariate regression. Back propagation neural network 
technique is one of the best performing algorithm. 
Artificial neural network uses back propagation. The 
multilayer perceptron seems to be the most frequently 
used neural network in latest studies. The input data, the 
hidden neurons, and the network output are required for 
ANN, and it outdoes prediction models[2]. Biological 
neural mechanisms in the human brain are one type of 
concept for ANN structure. Neurons in the human brain 
are integrated and used to design the interdependencies 
for refining. A neurological network is made up of nodes 
or units, which are integrated structures. Every 
component is built to look like its biological counterpart, 
a neuron. Each unit receives and replies to a weighted set 
of input data. The Artificial Neural Network (ANN) [19] 
technique is based on a biological system model. The 
crucial element of this technique is the novel structure of 
the understanding process system. Associate degree 
ANN is developed for a single application, including 
such pattern classification or information classification, 
using a learning method. 
 

 
Fig.9. Forward and Backward Propagation 

 

4.2 Deep Learning Networks (DLNs) 

Deep learning models are neurons that are used in deep 
learning approaches. CNN, RNN, LSTM, and DNN are 
outscored by Lasso, shallow neural networks, regression 
models, deep learning methods, fully convolutional 
neural networks, and rnns. Deep neural networks stand to 
gain from cutting-edge simulation and methods applied. 
Feature selection can be accomplished by decreasing the 
dimension of the input space used to train the DNN 
model. As it has numerous non-linear stacked layers 
which convert the input to the system into an elevated 
and more conceptual representation to every stacked 
layer, it can find the underpinning representation of data 
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in the apparent lack of feature input data. More 
complicated features are extracted as the system grows 
deeper, resulting in high precision. It is known to be an 
ubiquitous approximator function if the right variables 
are provided, which means it can estimate almost any 
feature but is difficult to choose the right parameters. 

4.2.1 Shallow Neural Network 
 
One or multiple hidden layers are prevalent in shallow 
neural network models. Recognizing a shallow neural 
network can make you realize what tends to happen in a 
deep network. The section outlines a shallow neural 
network with one hidden units, one input nodes, and one 
output neurons. 
 
 

 
 
 
 
 
 
 

Fig.10. Shallow Neural Network 
 
4.2.2 Convolution Neural Network 
 
    It is indeed a deep learning method that generates an   
image representation and designates weight values to 
various objects in the scene to discern them from each 
other.The below figure is the convolution neural network 
is sequence for classifiying handwritten digits. 
 

 

Fig.11. Convolution Neural Network 
 

4.2.3 Recurrent Neural Network (RNN) 

The recurrent neural network model [20] adds a twist 
for basic neural network. A vanilla neural network takes 
input as fixed vector size and limits the usage to 
situations which involves series type input with no 
planned size. Recurrent neural network remembers the 
past and are influenced by the decisions in past. They 
can take one or more inputs and gives one or more 
outputs as vector. 

     

      Fig.12. Recurrent Neural Network 
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4.2.4 Long Short Term Memory (LSTM) 

Long Short Term Memory Models (LSTMMs) are 
designed essential to tackle the long-term correlation 
issue that exists in recurrent neural networks due to the 
vanishing gradient troubles.To make more traditional 
feed forward neural network LSTMs have feed back 
connections. They process the sequence of data entirely 
without treating each point independently and the useful 
information is retained about the previous data and it 
helps for processing the new data points. For text, 
speech and general-time series LSTMs are good for 
such sequences of data. 
 
4.2.5 Deep Neural Networks 

For association of input and outputs deep learning 
algorithms are used along with networks. Deep refers to 
large amount of layers along with weights and biases 
can be able to solve for more complex functions. 

 

Fig.13. Deep Neural Networks 

4.3 Machine Learning Techniques 
 
Machine learning models used to anticipate crop growth 
include regression analysis, gradient boosting regressor 
model, random forest regressor model,  decision tree 
regressor modle, polynomial regression technique, and 
ridge regression technique.Out of all random forest 
regressor[3] and gradient boosting regressor[3] gives 
best accuracy with cross validation.  
 
4.3.1 Linear Regression Model 
 
It is just a sequential model that represents the linear 
relation among an input parameter (x) and a single 
output unit (y) for combinations of the input parameter 
(x) (y). Single input variable is considered as a simple 
linear regression and multiple input variable is 
considered as a multiple linear regression.Most common 
data and method is treat the ordinary least squares 
method. 
 
 
 

4.3.2 Gradient Boosting Regressor 
 
Gradient Boosting is a  kind of regression method. GB 
builds an ingredient model series of steps, letting the 
tuning of absolute discrete loss functions. A regression 
tree performs the amount of boosting phases in each 
phase by working on the negative slope of the given 
deficit. 
 
4.3.3 Random Forest Regressor 
 
So every decision tree has a large variance; 
nevertheless, when we incorporate them all at once, the 
eventual variance is lesser because each tree is wholly 
trained on suitable sample knowledge, and thus the 
outcome does not rely solely tree structure but on 
multiple call trees. In the occurrence of a classification 
error, the bulk vote classifier is used to produce the final 
output. In the scenario of a regression flaw, the final 
output is the mean of all the outcomes. Aggregation is 
the name given to this part of the equation. 
 
4.3.4 Decision Tree Regressor 
 
In attempt to provide tangible continuous output, 
decision tree predictor scrutinises an object's choices 
and trains a framework within the structure of a tree to 
anticipate knowledge in the future. Constant output 
insinuates that the emission is not distinguishable, that it 
cannot be characterised simply by a distinct, well-
known group of statistics or value systems.. 
 
4.3.5 Polynomial Regression 
 
Polynomial Regression is a common formula that does 
use an ordinal degree polynomial to quantify the 
relationship between a predicated (y) and an 
independent variable (x). The Unique Instance of 
Multiple Statistical Residuals in Cubic Cm is another 
name for it. As a result, in required to persuade the 
Multiple Statistical Coefficient of determination to 
Polynomial Correlation, we add some polynomial 
conditions to it. It is a linear classifier that has been 
improved in high precision. The mentoring set of data 
used in Polynomial regression is not deterministic. It 
hires a statistical regression model to adapt the tough 
and non-linear features and data sources. 
 
4.3.6 Ridge Regression 
 
Ridge regression is a concept standard setting technique 
that might be used to analyse any statistics that has 
experienced from repeated measures. This method 
employs L2 regularisation.once the problem of multiple 
regression happens, least-squares ar unbiased, and 
variances ar giant, this ends up in foreseen values to be 
far-flung from the particular values. 
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5. Comparision of crop yield prediction with 
    different models 
 
5.1 Artificial Neural Networks 
 
The table below contrasts R, MEA, as well as MSE[16] 
for crop varieties when using artificial neural systems 
imperialistic competitive optimization technique and 
grey wolf optimization method models to examine 
effectiveness.    
     

Table1. ANN-ICA and ANN-GWO with R, MEA and 
RMSE 

 
 
 
Crops 

R MEA (%) RMSE (%) 

ANN
-ICA 

ANN
-

GW
O 

ANN
-ICA 

ANN
-

GW
O 

ANN
-ICA 

ANN
-

GW
O 

Wheat 0.35 0.49 35.6 33.40 8.58 8.41 

Barley 
 

0.38 0.43 12.10 12.25 0.42 0.63 

Potato 0.81 0.81 22.8 22.25 0.78 0.76 

Sugar 
Beet 

0.24 0.26 39.0 39.12 3.35 3.44 

Averag
e 

0.45 0.50 27.3 26.68 3.30 3.29 

 
5.2 Deep Neural Networks 
 
The table compares different deep learning models 
based on response variable, training RMSE, validation 
RMSE, training and validation correlation coefficients 
for yield, check yield, and difference. 
 

Table 2.Training and validation comparisons of  different 
deep neural network algorithms 

 
 
Mod
el 

Respon
se 

variabl
e 

Traini
ng 
RMS

E 

Trainin
g 

correla
tion 

coeffici
ent(%) 

 

Valida
tion 

RMSE 

Validat
ion 

correla
tion 

coeffici
ent (%) 

DN
N 

Yield 10.53 88.31 12.8 82.91 

Check 
yield 

8.22 91.01 11.39 85.49 

Yield 
differen

ce 
11.80 45.89 12.50 29.31 

LAS
SO 

Yield 20.32 36.69 21.43 27.66 

Check 
yield 

18.87 28.51 19.89 23.01 

Yield 
differen

ce 
15.33 19.79 13.12 6.88 

SNN 

Yield 12.98 80.29 18.09 60.10 

Check 
yield 

10.25 71.19 15.15 60.50 

Yield 
differen

ce
9.98 58.76 15.16 11.36 

RT 

Yield 14.38 76.75 15.30 73.85 

Check 
yield

14.57 82.01 14.88 69.98 

Yield 
differen

ce
17.68 21.15 15.93 5.12 

 

 
Corn and soyabean crops are compared using Training 
and validation RMSE, training and validation 
correlation coeffients for CNN and RNN algorithms. 
 
Table 3. CNN and RNN comparing corn and soyabean crops 

 
 

5.3 Machine Learning 
 

When accuracy, recall, and F1-score are being used 
to make comparisons different algorithms such as 
logistic regression model , decision tree method, 
Random Forest model, and k nearest neighbour as well 
as svms, logistic regression  model performed the best. 

 

Resp
onse 

Model Trai
ning 
RMS

E 

Training 
correlati

on 
coefficie
nt(%) 

 

Validat
ion 

RMSE 

Validati
on 

correlati
on 

coefficie
nt(%) 

Corn 

CNN-
RNN 
(W)

17.15 89.02 24.79 72.18 

CNN-
RNN 
(S)

19.16 84.72 24.43 73.82 

CNN-
RNN 
(M)

27.77 69.59 34.03 33.99 

Avera
ge 

38.51 0.04 35.66 0.01 

Soya 
bean 

CNN-
RNN 
(W)

4.6 89.65 5.98 78.80 

CNN-
RNN 
(S)

5.64 83.26 5.94 81.28 

CNN-
RNN 
(M)

7.87 59.84 8.66 48.77 

Avera
ge 

10.29 0.01 10.11 0.05 
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Table 4. Machine learning algorithms accuracy comparison 
 

Algorithm Precision Recall  F1-Score Acc
ura
cy(1
00
%) 

Cl
ass 
0 

Cla
ss 1 

Cla
ss 0 

Cl
as
s 
1 

Cl
ass 
0 

Cla
ss 1 

Logistic 
Regression 

1 1 1 1 1 1 100 

Decision 
Tree 

1 0.90 0.83 1 0.9
1 

0.95 93.3 

Random 
Forest 

1 0.90 0.83 1 0.9
1 

0.95 93.3 

K Nearest 
Neighbor 

1 0.82 0.63 1 0.8
0 

0.90 86.6
6 

Support 
Vector 
Machine  

0 0.60 0 1 0 0.75 60 

 
Deep learing and machine learning algorithms        

comparison using mean absolute percentage error and 
finding the best performer algorithm using accuracy 
measure. 

 
Table 5.Various deep learning and ML algorithms comparison 

 
Model Accuracy 

Measure(%) 
MAPE(%) 

DRL 93.7 17 

BDN 92.1 20 

BAN 91.7 27 

IDANN 91 29 

RAE 90.7 32 

DL 91.85 28 

ANN 90.5 38 

RF 70.7 53 

GB 81.2 41 

 

 Table below shows Rice, millet and paddy crops 
comparison using different algorithms and choosing the 
best performer using accuracy among all the algorithms 
Random forest gives best result for prediction. 
 

Table 6. Comparing table for Rice, Millet and Paddy for 
                various Models 
 

Model Accuracy 
Measure (%) 

Crop 

Multilayer perceptron 97.5 Rice 

RBF Neural network 96.77 Rice 

Random forest classifier 99.74 Millet 

Deep reinforcement 
Learning 

93.7 Paddy 

 

6. Conclusion 
 

This paper gives a detailed  analysis of different 
approaches used for crop yield prediction.Various 
algorithms are mentioned along with the datasets and 
results. Different types of crops used for prediction 
purpose in different seasons are mentioned.various 
crops are used for prediction using different 
classification techniques, depending on the factors used 
more accurate results are generated. Climatic conditions 
plays a major role in yield. Crop yield prediction mainly 
depends on factors so while using any techniques need 
to consider the factors accurately gives effective results 
and helps in making good decisions for import and 
export and better pricing of respective crops. This work 
can be used to extend these approaches for and to 
achieve better results for future enhancements. 
 
7. Nomenclature 
 
CNN    -   Convolutional Neural Network 
RNN    -  Recurrent Neural Network 
RT       -  Regression tree 
DL       -    Deep Learning 
ANN    -  Artificial Neural Networks 
GB       -   Gradient Boosting  
DRL    -    Deep Reinforcement Learning 
ARIMA - AutoRegressive Integrated Moving Average 
LSTM  - Long Short Term Memory 
DNN    - Deep Neural networks 
MAPE  - Mean Absolute Percentage Error 
RMSE  - Root mean square error 
MEA   - Means end analysis 
MSE    -   Mean square error 
BDN    -   Deep Belief Network 
BAN    -  Born again neural networks 
IDANN -   Internal Deep Generative Artificial Neural  
                  Networks 
RAE      -   Robust Adaboost RT based Ensemble 
R            -   Range 
MODIS  -   Moderate Resolution Imaging Spectroradiometer 
LASSO  -   Least Absolute Shrinkage and Selection 
                   Operator 
ANN-ICA  - Artificial Neural Networks -imperialist  
                     competitive algorithm 
ANN-GWO  -    Artificial Neural Networks -Gray Wolf  
                           Optimizer of Neural Networks                   
CNN-RNN(W) - Convolutional Neural Networks-Recurrent  
                            Neural Networks( weather data) 
CNN-RNN(S)  -  Convolutional Neural Networks-Recurrent  
                            Neural Networks( soildata) 
CNN-RNN(M) -  Convolutional Neural Networks-Recurrent  
                            Neural Networks( managementdata) 
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Abstract-Prediction of Crop yield focuses primarily on agriculture research which will have a 
significant effect on making decisions such as import-export, pricing and distribution of specific crops. 
Predicting accurately with well-timed forecasts is important, but it is a difficult task due to numerous 
complex factors. Mostly crops like wheat, rice, peas, pulses, sugar cane, tea, cotton, green houses, corn, 
and soybean can all be used to forecast crop yields. We considered corn dataset to predict the yield for 
13 different states in United States. Crop development and progression are strongly affected by climatic 
changes and unpredictability. Predicting crop yield well before harvest time will support farmers for 
selling and storing their crops. Agriculture involves large datasets and knowledge processes. Factors 
such as Weather Components, Soil Components, Management practices, genotype and their interactions 
are used in predicting Corn Yield. Precise crop growth generally necessitates a complete overview of 
the functional correlations between yield and all these interactive variables, which necessitates the use 
of large datasets and complex algorithms to demonstrate. Various Machine Learning models, Deep 
Learning models, and Artificial Neural Network algorithms are used for predicting. Deep Neural 
Network Models such as Convolution Neural Networks (CNN), Spiking Neural Networks (SNN), and 
Recurrent Neural Networks (RNN) are used to assess corn yield. Integrating CNN, RNN and SNN 
models outperformed than individual model performance. 

Keywords � crop yield, spiking neural networks, prediction, recurrent neural networks. 

1. Introduction 
Crop yield forecasting plays a vital role for global food 
Production. To improve food and nutrition security, 
decision makers can use efficient process to make timely 
import and export choices. In order to breed better 
varieties for different types of environments, seed 
companies must forecast new hybrids. With the help of 
crop predictions farmers can be benefited to avoid the 
losses financially and can be known before what crop 
should be grown in which season and what are the 
precautions need to be taken according to the 
environment and soil interactions. 

 

Fig 1.Genotype, phenotype and environmental interactions 

Seed companies as well as farmers are going to get 
benefited ultimately with the help of forecasting. Crop 
yield forecasting can be done based on the respective 
factors like soil components, weather components, 
location, county, latitude and longitude, genotype and 
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phenotype characteristics etc. It should be known before 
that how much area should be taken to plant the crop and 
the plantation week should be noted up to how many 
months the crop should last all the measures needs to be 
analyzed before while planting the crops. What crops 
need to be grow and what crops cannot grow need to be 
considered based on the past years experiences and can 
also gather information from the companies like 
Syngenta[2] which is a global supplier of crop 
protection products like (herbicides, fungicides, and 
insecticides), seeds like (Rice and Corn) and other 
related products. Interactions between genotype and 
environment [1] are extremely complex. The term 
genotype refers to an individual's genetic characteristics 
for a specific trait, whereas phenotype refers to 
observable characteristics such as physical, 
physiological, biochemical, and behavioral 
characteristics. Plant length, for example, is a type of 
phenotype trait as shown in above Fig1 and below Fig 2 
 

 

Fig 2.Phenotype traits, Genes and Environment 

Millions of markers are usually present in high 
dimensional marker data, which is defined by genotype 
for every plant individual. It is important to compute the 
impact of genetic markers, which usually result in 
interactions with various environmental influences as 
well as field management activities. 

Alleles are another word for genes, and each 
individual inherits two alleles for each character, one 
from male and one from female. Two alleles can be the 
same (TT or tt) or different (TT or tt) (Tt).  
 

 

Fig 3. Dominant and Recessive alleles 

The dominant allele expresses itself, while the 
recessive allele does not. If the dominant and recessive 
alleles for a specific individual are known, phenotype 
prediction becomes simple. Environmental factors will 
have a significant impact on genotype. One of several 
explicit functions is phenotype, which is regarded 
as noise and is composed of genotype (G), environment 
(E), and their interrelations (G*E) as shown in above Fig 
3. 

 
Mega environments are groups of environments that 

share the same type of variation. The two main seasons 
for growing various crops are Kharif (July-October) and 
Rabi (March-June). We have different crops like Rice, 
maize, sorghum, bajra, ragi, pulses, soya bean, 
groundnut and cotton usually grown in kharif season 
where as Wheat, barley, oats, chick pea, mustard seeds 
are grown in Rabi season. Corn crop is considered for 
predicting in this paper and kharif is the season for 
growing corn.  

 
Soil components, Weather components are the 

factors for yield prediction. Different varieties of Soil 
components are considered like Bulk density, Cation 
exchange capacity pH7  , Coarse fragments, Clay, Total 
Nitrogen, Organic carbon density, organic carbon stock, 
PH in H20, Sand, Silt, Soil organic carbon and all of 
these inputs are measured with a 250 square 
meter resolution at six distinct depths (0-5cm, 5-15cm, 
15-30cm, 30-60cm, 60-100cm and 100-200cm).The 
different Climatic components used for estimating the 
yield are rainfall, radiation from the sun, Precipitation 
data equivalent, highest temperature conditions, lowest 
temperature conditions, and vapor pressure are all 
factors to consider. Climate components play an 
important role in predicting when compared with the 
Soil and other factors. Crop productivity, on the other 
hand, is nearly impossible due to a plethora of complex 
factors. Genotype and environmental factors, for 
example, frequently communicate with one another, 
making grain yield quite difficult. Atmospheric 
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conditions, for example, often have complicated 
dynamic impacts that are hard to calculate accurately. 

 
Crop productivity can be forecasted using machine 

learning models, Deep learning methods and artificial 
neural networks (Ann). Deep learning models [9] are 
classification learning methodologies because they have 
different levels of representation, each with nonlinear 
modules that change the representation at the present 
level, beginning with raw input and advancing to a 
progressively intuitive level. Deeper structures may also 
be affected by the vanishing gradient issue, that could be 
mitigated by using residual shortcut connections as well 
as numerous auxiliary heads (loss functions) for the 
network. To increase the accuracy of deep learning (dl) 
techniques, other techniques like a batch normalization, 
dropout, as well as stochastic gradient descent have been 
developed (SGD). In the literature, deep learning 
network techniques usually with more number of hidden 
layers gives good results than artificial neural network 
models with a single hidden layer. Deeper features, on 
either hand, are very complicate for training the model 
as well as necessitates more difficult hardware and 
optimization methods. Deep neural network loss 
functions, for instance, have a high dimensionality and 
are non-convex, making optimization quite difficult due 
to the existence of numerous local optima and saddle 
points. 

2. Related Work 
Soybean Flowering and Physiological Maturity 

Forecasted Using Neural Network Aspects [3] are 
founded on the hypothesis that computer simulation 
models of plant growth have been formulated; but the 
models are not always getting good results in plant 
developing assessment among various conditions. Field- 
observed flowering dates is being used by this study for 
���� ���	

�� �����	�� ���� ���� ������� ��� �����������
investigations in North Carolina, Gainesville, Quincy, 
Clayton and Florida. The neural network model was 
trained on the daily Higher and lower climatic 
conditions, season, and days after planting or flowering 
are all factors to consider. The sets of data were divided 
into two main categories: for training as model 
development as well as independent data sets for testing. 
The relative mean error of dataset testing for the purpose 
of flowering date forecasting was 0.143 days and for 
estimation of physiological maturity was +2.19 days. 
Plant continued growth estimations are useful in 
agricultural production because they allow the 
cultivators to enhance field operation planning and 
enhance net income as shown in below Fig 4 and Fig 5. 

 

Fig 4.Inputs, connections, and structure of a neural network 
model are depicted using 3 distinct hidden nodes. 

When seed germinates, the vegetative and 
reproductive development processes begin, and these 
processes end when the harvest matures. Temperature is 
a key climate variable influencing plant growth. 
Furthermore, duration, or the length of the daily light 
period, can influence increases the productivity in some 
species. Existing simulation models struggle to correctly 
estimate development in a variety of areas where either 
temperature or photoperiod varies. Extended 
preprocessing was required before feeding the data into 
the neural network models. The findings for the three 
thresholds in equations 7 through 10 were entirely 
dependent on pre - processing phase. It was not possible 
to conduct an intensive research of all threshold values 
and neural network requirements. 

In this study, we anticipate maize yields using linear 
regression models and artificial neural networks models 
[4]. From 1962 to 2004, multiple linear regression 
models (MLR) and non-linear artificial neural network 
model (ANN) designs were used in forecasting future 
maize crop in China's Jilin region, with climate and 
fertilizer as predictor variables. Production was set to be 
determined by July-August rainfall, September 
precipitation, and fertilizer application. Fertilizer is used 
as a dominant forecaster in the ANN model and was 
found to be non-linearly related to output. For obtaining 
the fertilizer data of maize there is a difficulty so the 
studies used previous years yield tested data. Estimation 
skill scores derived from cross- validation 
technique andretroactive validation technique revealed 
that ANN models perform better than MLR and 
persistence.  Due to the non-stationary nature of the data, 
in the analysis of forecasting skill, cross-validation 
method was found to be less reliable than retroactive 
evaluation. Researchers used two approaches to study 
crop productivity in relation to environmental variables: 
mechanistic models and empirical models. For 
analyzing relationships between crop, soil types, 

 
 

E3S Web of Conferences 309, 01162 (2021)
ICMED 2021

https://doi.org/10.1051/e3sconf/202130901162

 
3



climatic conditions, and ecology, mechanistic 
approaches that depend on physiological methods for 
crop development are best. Because non-linear 
relationships identified by an ANN model are more 
difficult to understand than linear relationships 
identified by MLR, ANN has been dubbed a "black box" 
technique. As a result, the ANN extrapolates with 
greater care than a linear function. ANN gives low 
values compared with MLR solution and hence decides 
that nonlinear relationship is better. In present research, 
where interpretation occurred, the ANN model's 
bounded functional shape gave ANN an added benefit 
over MLR. Machine Learning Methods for Efficient 
Forecasting in India [5] Amount of rain, atmospheric 
pressure, chemical fertilizer, pesticides, ph level, and 
other climate patterns and parameters all have an impact 
on crop production. After recognizing the linear 
relationship among yield and these parameters, reliable 
yield prediction is needed. 

 
Machine Learning techniques can improve by 

distinguishing and presenting the consistency and 
pattern of drive information, machine execution can be 
improved without the need for characterized computer 
programming. This survey used a variety of neural 
network models to assess crop yield on crop yield 
datasets from multiple areas and crops, including Linear 
Regression model, Gradient Boosting Regressor model, 
Random Forest Regressor model, Decision Tree 
Regressor model, Polynomial Regression model, and 
Ridge Regression model. Mean absolute error (MAE), 
mean squared error (MSE), root mean square error 
(RMSE), R-square, and cross validation are the 
measures used to compare the accuracy of these 
strategies. Findings indicate that the Gradient Boosting 
Regressor has a precision of 87.9 percent with cross 
validation runs. 

 
Deep Learning techniques in Agriculture [8] is a 

comparatively recent, cutting-edge image processing 
technique and data analysis technique with best 
outcomes and massive results. Deep learning technique 
has recently made its way into agriculture after being 
used efficiently in other fields. We assess the sustainable 
agricultural challenges under consideration, as well as 
the models and theories employed, information sources, 
nature, and pre-processing as well as the improved 
ability achieved based on the criteria used at each work 
under considering. In addition, we compare deep 
learning to other popular technologies in terms of 
classification or regression efficiency differences. 

 

Fig 5. CaffeNet, example CNN architecture 

 Deep learning outdoes prevailing commonly used 
image processing method in terms of accuracy, 
according to our findings. Images make up a sizable 
portion of the information gathered through remotely 
sensed data. Images provide a clear understanding of 
farming in many cases and can be used to address a 
variety of issues. As an outcome, imaging analysis has 
become an interesting subject in agriculture, and 
intelligent data collection methods are used in a wide 
range of farming applications for image identity 
verification, outlier detection, and so on. DL extends 
traditional ML by incorporating more "depth" 
(complexity) to the model and transforming data from 
multiple capabilities that allow data representation in a 
systematic order, through many levels of 
abstraction.Based on the network architecture, DL may 
contain a wide range of modules. A basic problem in 
computer vision, not just deep learning, is that data pre-
processing is frequently required and time-consuming, 
particularly when satellite and images are involved.The 
high dimensionality and slight number of training 
samples of hyper spectral data are two issues. Aside 
from that, existing datasets do not always effectively 
define the problem. When considering corn returns, for 
example, it was important to compensate in cultivation 
data such as fertilization and water management, 
external influences other than weather data can be 
considered. Convolutional Neural Networks (CNN) are 
used to capture similar spatial functioning of different 
features and combine them to model yield response to 
nutrient and grain rate management [6]. To define a new 
dataset for training and test sets the CNN model, nine 
on-farm corn field studies are used. When compared to 
multiple regression analysis, the test dataset RMSE is 
reduced by up to 68 percent, and by up to 29 percent 
when compared to a random forest. When we look at the 
harvest data collected within 50 meters of the field's 
boundaries, we can see that the input variables centered 
on such cells cover an area with no data.  

 
As shown in below Fig 6 and Fig 7, Fig 8,This 

survey modeled yield response to nitrogen and seed rate 
management using five different field features (nitrogen 
and grain rates, elevation map, soil electro conductivity, 
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and spatial data). Other risk factors and management 
techniques that have an effect on global field impacts 
gain response to site-specific planning. These 
parameters differ from field to field while changing 
progressively within the same field. 

 
Fig 6.Convolutional Neural Network 

Growing plants Date, Hybrid Maturity, and Weather 
Conditions Influence Corn Yield and Crop Stage [7] In 
Iowa, USA, we examined wheat crop and phenology 
data from a multi-location, year, hybrid comparative 
maturity, and planting date study. Our goals were to find 
the best combination of sowing date and comparable 
maturity to maximize corn seed yield per weather, as 
����� 	�� ��� ����
	��� ���� �������� ��� ���
� ����-season 
���������������	�������
������������	����������������
planting date. According to ANOVA, 70% of the 
variability in seed yield was directly related to planting 
date and only 10% to associated to maturity, stating that 
short and full-season hybrid relative maturity periods 
generated equivalent to seed yield regardless of when 
they were sown as long as the farms reached maturity 
prior to harvesting. According to our findings, the time 
to grain yield is a good predictor of expected higher 
yield, with a critical stage (after which yield is reduced) 
of 23 July for Iowa. Furthermore, we discovered that 
keeping a lower limit growing degree of 648°Cday as 
during the grain-filling period enhanced maize yield. 
Conclude, the studied information will help Iowans in 
making sowing date decisions on the basis on hybrid 
relative maturity. Throughout most of the growing 
season (April�October), weather conditions at our 
sampling locations were relatively inconsistent. The 
Northeast place had the coolest site-year in 2014, while 
the Southeast place had the hottest year in 2016. In 
aspects of rainfall, 62 percent of the site-years were wet, 
24 percent became dry, and 14 percent were indeed a 
mix of the two .  

Maize seed yield, silking time, and other 
considerations, as well as grain-filling duration, are all 
affected by the planting date. In terms of seed yield and 
phenology, PD had a bigger influence than RM. Farmers 
in Iowa will benefit much during the growing season if 
they plant full-season hybrids all year; nevertheless, the 
real effect of RM fades over time. Immigrants came to 

warmer climates with a longer growing season as 
southern climates warm. A shortened growing season 
was blamed for the harvest penalty associated with 
delayed planting. Farmers typically select a mixture 
relative maturity well in order to progress of planting; 
however, our research shows that combination RM has 
a very minor impact on grain yield for any given PD 
when harvested before planting. 

 
Grain yield estimation and climate making 

predictions using machine learning techniques 
for Assessment of the impacts on agriculture [9] 
Weather has a significant impact on crop productivity A 
increasing previous research models this transaction in 
order to estimate the threat of climate change on the 
industry. A yield modeling approach that makes use of 
a semi-parametric variant of a deep learning to account 
for nonlinear dynamic interactions in high-dimensional 
datasets, as well as known geometrical structure and 
unfathomable cross-sectional heterogeneity. We show 
that using corn yield data from the Midwest of the 
United States, this model outperformed both traditional 
statistical methods and entirely nonparametric neural 
networks in predicting yields of years denied during 
model training. We show that climate change has a 
major negative impact on corn prices, but it is less 
intense than the impacts projected using statistical 
models. Abatzoglou's gridded surface meteorological 
database (METDATA) is used to generate the 
meteorological data (2013). Bagging improved both the 
parameterization and the SNN's precision, but the 
bagged SNN consistently outperforms. Both OLS 
regression and the SNN were outpaced by the fully-
nonparametric neural net, which was learned in the same 
way as the SNN but lacked simulation terms. 

Incorporating machine learning and crop simulations 
improves crop yield estimation in the Corn Belt of the 
United States [ 10].The goal of this research is to see if 
merging crop modeling and machine learning (ML) 
tends to improve grain yield projections in the Corn Belt 
of the United States. The primary objectives were to 
identify whether such a hybrid approach would result in 
better assumptions, which hybrid model mixtures 
provide much more better estimates, and which crop 
modeling attributes are most effective when combined 
with ML for maize crop prediction. The researchers 
noted that using simulation crop modeling as input 
features in ML models can lessen yield estimation root 
mean squared error (RMSE) by 7 to 20%. Furthermore, 
we investigated the selective complicity of APSIM 
attributes in ML forecasting and concluded that soil 
moisture-related APSIM variables have the greatest 
impact on ML projections, followed by crop-related and 
weather-related APSIM variables. This finding implies 
that weather reports alone are inadequate, and that Ml 
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algorithms require more surface water inputs to produce 
more accurate yield forecasts. 

 
Estimation of crop prices using supervised machine 

learning methods [11] and our focus is primarily on 
agriculture. Farmers are the most important people in 
agriculture. Farmers face massive losses if the price falls 
after the cultivation. This paper proposes estimating and 
planning crop prices for the next 12 months. The 
information is provided to users via a Flask web page, 
which is powered by impactful machine learning 
techniques and innovations and has a user-friendly 
interface as a whole. The accumulated training datasets 
contain a wealth of information for forecasting market 
price and demand. The Decision tree Regressor 
supervised machine learning algorithm was used in our 
model. It has been honed on a number of Kharif and 
Rabi seasons to improve efficiency. 

Estimation of Crop Production by Robots [12] 
Cultivation is an entirely manual endeavour. The use of 
machine learning methods to implement any type of 
automation is still in its beginning phases. The focus of 
this article is to present a contextual approach for 
introducing machine learning methods into the cropping 
process. A comparison of machine learning algorithms 
was performed in order to determine which algorithm is 
the most accurate in predicting the best crop for a 
specific plot of land. The research looks at six major 
food crops in Bangladesh: Aman rice, Aus rice, Boro 
rice, potato, wheat, and jute. Multiple Linear Regression 
(MLR) produced the most accurate results during the 
evaluation and was implemented into an Android 
application. The android platform system can also 
generate a timeline of the entire farming process for a 
specific crop, including when to apply fertilizer. Except 
for wheat and potatoes, MLR offers greater prediction in 
this case. KNN yields superior performance for wheat 
and potato. Mostly as result, the error is 0.40 percent for 
one and 6.26 percent for the other.  

 
Deep Learning Methods for Yield Estimation [13]. 

Automatic crop monitoring and yield prediction are now 
possible thanks to artificial intelligence. The categories 
were created entirely around five networks: ANN, CNN, 
DNN, RNN, and combination networks. The feed 
forward's ANN and DNN were examined, and both 
offered an average predictive accuracy of 60-70 percent. 
The large proportion of agricultural processing was 
carried out using images and timely monitoring. CNN 
significantly outperformed both DNN and ANN models, 
with efficiency of 80-85 percent. The only drawback of 
CNN in this research was that its projections were based 
purely on training sample rather than real-time past 
results. A few work was aimed at improving the yield 
prediction even more and to avoid loss during the yield. 
The RNN makes use of an LSTM-LSTM combination, 

which allows for the addition of data storage. When 
particularly in comparison to the other three systems, it 
involves the feedback loop that CNN fails, evaluated to 
the high classification level's average estimation of 83 � 
89 percent. 

3. Proposed Work 
 
3.1 Dataset Description 
 
For Crop yield prediction we need to select the crop here 
we selected the crop called Corn and going to forecast 
the yield based on the dataset and the applied algorithms. 
Dataset is the first thing we need to select here we 
collected the dataset from various sources like Syngenta 
and it mainly consists of the variables like nw, ns, np, 
nss where the number of weather elements is nw, and 
the number of soil particles is ns. measured at different 
depth, np is the planting component and nss is the soil 
component measured at the surface The six weather 
components considered are rainfall, radiation from the 
sun, snow water equivalent, highest temperature, lowest 
temperature, and air humidity for csv files they are 
named as Wij where i is the weather component index 
and consider the six weather components i.e i=1, . . .6 
and j= index of  week of year for every year there are 52 
����������!"#$%&'%�*�����	���""�+��������������������
bulk density(bdod), Caption exchange capacity at 
Ph7(cec), Coarse fragments(cfvo), clay, Total nitrogen, 
Organic carbon density(ocd), Organic carbon 
stock(ocs), ph in H20(phh20), Sand, Silt, Soil organic 
carbon measured at six different depths(0-5cm, 5-15cm, 
15-30cm, 30-60cm, 60-100cm, 100-200cm) with 250 
square meter resolution in csv files they can be named 
as Sij  where i is the soil component i.e i=1,-----11 and j 
is the index of depth j=1,---6. Planting time component 
is considered as np in csv files they are named as pi 
where i is the index of the planting date week i=1,---16. 
The crop performance dataset includes the identified 
average yield for corn between 1980 and 2019 across 
1,176 countries for corn in 13 states including Indiana, 
Minnesota, Kansas, North Dakota, Missouri, Illinois, 
Iowa, Nebraska, South Dakota, Ohio, Kentucky, 
Michigan, and Wisconsin. Organizational data is 
generally the cumulative percentage of cultivated fields 
in each state each week starting in April of each year. 
Grid map approach is followed which means horizontal 
and vertical lines to identify locations on map. 
 
3.2 System Architecture 
 
The System Architecture of proposed work is like first 
consider the dataset and preprocesses the data then split 
into train and test data apply the classification 
techniques and predict the results. Here for this 
forecasting purpose Corn dataset is considered from 
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open source challenge platform like Syngenta [2]. 
Cleaning, integration, reduction, and transmission are all 
methods of data preprocessing. We need to get rid of any 
data that isn't absolutely necessary. The procedure of 
detecting and analyzing inaccurate or incorrect records 
from a dataset is known as data cleaning. Real-world 
data frequently contains noise and missing values, and it 
may be in an inaccessible format that cannot be actively 
used for DL models. Data preprocessing is required for 
cleaning preparation and analysis it for various Deep 
Learning concepts, which increases performance and 
reliability. Data that is preprocessed is categorized for 
training and testing. Training a data means to train the 
model and testing is for validation process where the 
unseen predictions are done. The act of segregating 
available data into two segments, typically for cross-
validator purposes, is known as data splitting. One set of 
data is used to create a forecasting model, while the 
other is used to evaluate the performance of the model. 
Data separation into training and test sets is a critical 
step in assessing data mining models. Training 
percentage is taken as 80 and test percentage is 20. 
When a data set is split into a training phase and a 
validation phase, the majority of information is used for 
training and only a small amount is used for test results. 
To train any model, no matter what type of dataset is 
used, the set of data must be divided into training and 
testing sets.In the analysis of forecasting skill, cross-
validation method was found to be less reliable than 
retroactive evaluation. Researchers used two approaches 
to study crop productivity in relation to environmental 
variables: mechanistic models and empirical models. 
For analyzing relationships between crop, soil types, 
climatic conditions, and ecology, mechanistic 
approaches that depends on physiological methods for 
crop development are best. 
 
 
4. Flowchart for Crop Yield Prediction 

 
 

5. Implementation 

5.1 Deep learning Methods  

Corn yield forecasting is done using Deep Learning 
(DL) models. Convolutional Neural Networks (CNN), 
Recurrent Neural Networks (RNN), and Spiking Neural 
Networks are some of the deep learning models used in 
this paper (SNN). Neural Networks are composed of 
three layers: input, hidden and output layer. Input Layer: 
In this level various types of data is provided to the 
model. Number of neuron indicates the total number of 
features in data. Hidden Layer: The output of the Input 
Layer is fed into the Hidden Layer. Depending on our 
model and the size of the data, there could be many 
hidden layers. So every hidden layer may contain a 
different number of neurons, which is usually greater 
than the number of characteristics. Each layer's output is 
calculated by multiplying the previous layer's output by 
the learnable weights of that layer, followed by addition 

Start 

Select corn dataset 

Clean dataset 

Classification 

Convolutional 
neural 

networks

Recurrent neural 
networks 

Spiking neural 
networks 

Conv-  hidden 
layer Pool- 

hidden layer 
Flat- hidden 
layer Dense- 
hidden layer

Sequential- 
input layer 

RELU- 6 hidden 
layers Sigmoid- 
1 output layer 

FLATTEN - input layer   
RELU - hidden layer   

Soft max- output layer 

Prediction: Accuracy, F1-
score 

Result 

Split dataset into training and testing 
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of transferable biases and an activation function, making 
the learning process non linear. 
 
Output Layer: The hidden layer's output is then placed 
into a logistic function, such as sigmoid or soft max, 
which converts each class's output into a probability 
score for each class. Classification is a method of 
determining which of a set of characteristics a new 
observation belongs to, based on a learning set of data 
containing observations with defined category 
membership. 

5.2 Convolution Neural Networks (CNN) 

ConvNets also ������ 	�� -11�+� ��������� ��� ��������
layers mainly used for image processing and object 
detection. It has a number of layers that process and 
extract data features. CNN has a convolution layer with 
several filters that performs the convolution operation. 
CNN image categories take an image representation and 
process it before categorizing it. An input image is 
perceived by computers as an array of pixels, the size 
that rely on the quality of image. Depending on the 
resolution of an image, it will see h x w x d (h = Height, 
w = Width, d = Dimension). For convolution Neural 
1�������� 2-11�+3� ��� ��� ���� ������� �	����� i.e. 
convolution layer, Pool layer, flat layer, Dense layer. 
Conv1D is used and in this the kernel moves only in one 
direction applicable for Time series data, input and 
output of Conv1D is two dimensional. Convolution is a 
mathematical operation performed on two objects to 
generate an output that expresses how the shape of one 
is modified by the other. This calculation finds a special 
functionality in the input data and needs to return a result 
enclosing that feature's relevant data. This is known as a 
feature map. The process of merging is known as 
pooling. So it's primarily for the purpose of reducing 
data size. Max pooling is considered which takes the 
highest value within the box. One �dimensional array is 
considered as a method of converting input data to next 
layer also treated as flattening. The convolutional layer 
outcome is flattened to produce a single long feature 
vector. It is also correlated to the final classification 
model, forming a fully-connected layer. We attach the 
final layer to a single line that contains all of the pixel 
data. Fully connected layer is a dense layer tells that 
neurons of one layer communicate with next. Adaptive 
Moment Estimation optimization is a stochastic gradient 
descent model which is based on adaptive estimation of 

first-order as well as second-order moments. Adaptive 
Moment Estimation is a deep neural network training-
specific adaptive learning rate considered as 
optimization algorithm. The technique makes use of the 
power of adaptive learning rate techniques to identify 
individual learning rates for each parameter. The 
average of the squared differences between the observed 
and predicted values is used to calculate the Mean 
Squared Error loss. The output is always positive, 
regardless of the sign of the predicted and actual values, 
and the value obtained is 0.0. 

 

Fig 7. Convolutional Neural Networks 

5.3 Recurrent Neural Networks (RNN): 

One type of artificial neural network is recurrent neural 
network that can perform operations on some files like 
audio files, data files etc. All input and output values are 
independent in neural networks whereas in RNN, the 
hidden layers remember the data that was done in a 
previous layer and give that remembered data to the next 
layer as input so that it can perform operations on data. 
This process is repeated until the desired output is 
obtained. The rectified linear activation function, 
abbreviated RELU, is a piecewise linear function that 
retrieves the user input if it is positive and indirectly if it 
is negative. It has become the default activation function 
for few types of neural networks and it is easier to train 
and frequently results in better performance. Activation 
functions for a Rectified Linear Unit with six hidden 
layers. In multi-layer networks, the vanishing gradient 
issue restricts the use of the sigmoid and hyperbolic 
tangent activation functions. The rectified linear 
activation function solves the vanishing gradient 
problem, allowing features to learn more quickly and 
work better. When building multilayer Perceptron and 
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convolutional neural network models, the rectified 
linear activation act as   standard activation. Input layer 
is sequential and output layer is sigmoid. 

  

Fig8. Recurrent Neural Networks 

5.4 Spiking Neural Networks (SNN): 

Spiking neural networks (SNNs) were artificial neural 
networks that resembled natural neural networks. SNNs 
incorporate time into their operating model in terms of 
neuronal and synaptogenesis state. According to the 
principle, the neurons in the SNN do not need to transmit 
data during every propagation cycle. Information is only 
sent when a membrane potential � an inherent property 
of the neuron associated to its electrical charge on the 
membrane � reaches a specified value known as the 
threshold. When the membrane potential reaches a 
certain threshold, the neuron fires and transmits the 
signal to other neurons, which modify their potentials in 
reactions to the signal. The input layer is flattening. 
Flattening is the process of converting data into a one-
dimensional array for input into the next layer. We 
flatten the layer output to create a unified long feature 
vector. It is also linked to the last classification model, 
resulting in a fully connected layer. The ReLU layer is 
the hidden layer. The rectified linear activation function 
(ReLU) is a piecewise linear function that, if the input is 
positive, effectively generates the input; otherwise, it 
outputs zero. The rectified linear activation function 
solves the vanishing gradient problem, allowing models 
to learn more quickly and function better. The output 
layer, the Softmax layer, broadens this concept into a 
multi-class work environment. The total of those 
decimal likelihoods must equal 1.0. The number of 
neurons in the Softmax layer must be the same as 
number of neurons in the output layer as shown in below 
Fig 9. 
 

 

Fig 9.Spiking Neural Networks 

6. Results 

Tensor flow, an open-source software library, was used 
to create the three deep neural networks in Python. The 
training phase for each neural network took about 1.4 
hours on a Tesla K20m GPU. For comparative analysis, 
we used three other well-known forecasting models: 
Convolutional Neural Network models (CNN), 
Recurrent Neural Network models (RNN), and Spiking 
Neural Networks models (SNN). To ensure better 
comparisons, we wrote all of these modeling techniques 
in Python and evaluated them in the same software and 
hardware environments. The overall classification and 
prediction will be used to generate the Final Result. The 
effectiveness of the proposed approach is assessed using 
metrics such as, the ability of a classifier is referred to 
as its accuracy Class label is predicted correctly and the 
accuracy tells how good a given predictor can guess the 
value of attribute for new data. 

AC= 
�����

�����������
 

F-measure=
���

���������
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6.1 Results for Convolutional Neural Network 

 

6.2 Results for Spiking Neural Network 

 

6.3 Results for Recurrent Neural Network 

 

6.4 Result Analysis 

The prediction accuracy of crop yield is compared with 
3 models and the results are depicted in Table1. 

 

 

 

Table 1: Comparing different measures for CNN, RNN, SNN 

 
7. Conclusion 

We described a deep learning-based framework for 
forecasting climate information and management in this 
study practices that successfully predicted corn yields 
across the entire Corn Belt in the United States. Most 
importantly, our approach went beyond estimation by 
providing major findings that aided in the explanation of 
yield estimation (variable importance by time period). 
The method  developed are convolutional neural 
networks (CNN) and Spiking neural networks (SNN). 
The CNN component of the framework was designed to 
capture the intrinsic temporal relationship of weather 
data as well as the spatial interconnections of soil data 
measured at different depths underground. The model's 
RNN component was designed to capture the rising 
trend in crop yield over time as part of ongoing 
improvements in plant reproduction and management 
practises. SNNs work with spikes, which are discrete 
events that happen at specific points in time, instead of 
continuous values. The occurrence of a spike is 
determined by nonlinear equations that depict various 
biological processes, the most significant of which is the 
membrane potential of a neuron. When a neuron attains 
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a certain potential, it spikes, and the potential of the 
neuron is reset. Several variables, including climatic 
conditions, soil, and management, had a large impact on 
the model's effectiveness. In unknown environments, 
the suggested framework accurately predicted yields, 
and it could thus be used in tasks requiring long-term 
yield forecasting. One of the most difficult aspects of 
deep learning techniques is their black box nature. To 
make the current proposal less of a black box and more 
concise, feature selection was back propagation method 
that is   used for trained CNN-RNN model. The feature 
selection model estimated the individual impact of 
weather components, soil type, and management 
variables, as well as the time span when these factors get 
to be significant, and that is a study development. This 
method could be used to solve other research issues. 
Similarly, a hybrid could be classified as low-yielding 
or high-yielding depends on the performance in 
comparison to other varieties in the same location. 
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Abstract-Prediction of Crop yield focuses primarily on agriculture research which will have a 
significant effect on making decisions such as import-export, pricing and distribution of specific crops. 
Predicting accurately with well-timed forecasts is important, but it is a difficult task due to numerous 
complex factors. Mostly crops like wheat, rice, peas, pulses, sugar cane, tea, cotton, green houses, corn, 
and soybean can all be used to forecast crop yields. We considered corn dataset to predict the yield for 
13 different states in United States. Crop development and progression are strongly affected by climatic 
changes and unpredictability. Predicting crop yield well before harvest time will support farmers for 
selling and storing their crops. Agriculture involves large datasets and knowledge processes. Factors 
such as Weather Components, Soil Components, Management practices, genotype and their interactions 
are used in predicting Corn Yield. Precise crop growth generally necessitates a complete overview of 
the functional correlations between yield and all these interactive variables, which necessitates the use 
of large datasets and complex algorithms to demonstrate. Various Machine Learning models, Deep 
Learning models, and Artificial Neural Network algorithms are used for predicting. Deep Neural 
Network Models such as Convolution Neural Networks (CNN), Spiking Neural Networks (SNN), and 
Recurrent Neural Networks (RNN) are used to assess corn yield. Integrating CNN, RNN and SNN 
models outperformed than individual model performance. 

Keywords � crop yield, spiking neural networks, prediction, recurrent neural networks. 

1. Introduction 
Crop yield forecasting plays a vital role for global food 
Production. To improve food and nutrition security, 
decision makers can use efficient process to make timely 
import and export choices. In order to breed better 
varieties for different types of environments, seed 
companies must forecast new hybrids. With the help of 
crop predictions farmers can be benefited to avoid the 
losses financially and can be known before what crop 
should be grown in which season and what are the 
precautions need to be taken according to the 
environment and soil interactions. 

 

Fig 1.Genotype, phenotype and environmental interactions 

Seed companies as well as farmers are going to get 
benefited ultimately with the help of forecasting. Crop 
yield forecasting can be done based on the respective 
factors like soil components, weather components, 
location, county, latitude and longitude, genotype and 
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phenotype characteristics etc. It should be known before 
that how much area should be taken to plant the crop and 
the plantation week should be noted up to how many 
months the crop should last all the measures needs to be 
analyzed before while planting the crops. What crops 
need to be grow and what crops cannot grow need to be 
considered based on the past years experiences and can 
also gather information from the companies like 
Syngenta[2] which is a global supplier of crop 
protection products like (herbicides, fungicides, and 
insecticides), seeds like (Rice and Corn) and other 
related products. Interactions between genotype and 
environment [1] are extremely complex. The term 
genotype refers to an individual's genetic characteristics 
for a specific trait, whereas phenotype refers to 
observable characteristics such as physical, 
physiological, biochemical, and behavioral 
characteristics. Plant length, for example, is a type of 
phenotype trait as shown in above Fig1 and below Fig 2 
 

 

Fig 2.Phenotype traits, Genes and Environment 

Millions of markers are usually present in high 
dimensional marker data, which is defined by genotype 
for every plant individual. It is important to compute the 
impact of genetic markers, which usually result in 
interactions with various environmental influences as 
well as field management activities. 

Alleles are another word for genes, and each 
individual inherits two alleles for each character, one 
from male and one from female. Two alleles can be the 
same (TT or tt) or different (TT or tt) (Tt).  
 

 

Fig 3. Dominant and Recessive alleles 

The dominant allele expresses itself, while the 
recessive allele does not. If the dominant and recessive 
alleles for a specific individual are known, phenotype 
prediction becomes simple. Environmental factors will 
have a significant impact on genotype. One of several 
explicit functions is phenotype, which is regarded 
as noise and is composed of genotype (G), environment 
(E), and their interrelations (G*E) as shown in above Fig 
3. 

 
Mega environments are groups of environments that 

share the same type of variation. The two main seasons 
for growing various crops are Kharif (July-October) and 
Rabi (March-June). We have different crops like Rice, 
maize, sorghum, bajra, ragi, pulses, soya bean, 
groundnut and cotton usually grown in kharif season 
where as Wheat, barley, oats, chick pea, mustard seeds 
are grown in Rabi season. Corn crop is considered for 
predicting in this paper and kharif is the season for 
growing corn.  

 
Soil components, Weather components are the 

factors for yield prediction. Different varieties of Soil 
components are considered like Bulk density, Cation 
exchange capacity pH7  , Coarse fragments, Clay, Total 
Nitrogen, Organic carbon density, organic carbon stock, 
PH in H20, Sand, Silt, Soil organic carbon and all of 
these inputs are measured with a 250 square 
meter resolution at six distinct depths (0-5cm, 5-15cm, 
15-30cm, 30-60cm, 60-100cm and 100-200cm).The 
different Climatic components used for estimating the 
yield are rainfall, radiation from the sun, Precipitation 
data equivalent, highest temperature conditions, lowest 
temperature conditions, and vapor pressure are all 
factors to consider. Climate components play an 
important role in predicting when compared with the 
Soil and other factors. Crop productivity, on the other 
hand, is nearly impossible due to a plethora of complex 
factors. Genotype and environmental factors, for 
example, frequently communicate with one another, 
making grain yield quite difficult. Atmospheric 
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conditions, for example, often have complicated 
dynamic impacts that are hard to calculate accurately. 

 
Crop productivity can be forecasted using machine 

learning models, Deep learning methods and artificial 
neural networks (Ann). Deep learning models [9] are 
classification learning methodologies because they have 
different levels of representation, each with nonlinear 
modules that change the representation at the present 
level, beginning with raw input and advancing to a 
progressively intuitive level. Deeper structures may also 
be affected by the vanishing gradient issue, that could be 
mitigated by using residual shortcut connections as well 
as numerous auxiliary heads (loss functions) for the 
network. To increase the accuracy of deep learning (dl) 
techniques, other techniques like a batch normalization, 
dropout, as well as stochastic gradient descent have been 
developed (SGD). In the literature, deep learning 
network techniques usually with more number of hidden 
layers gives good results than artificial neural network 
models with a single hidden layer. Deeper features, on 
either hand, are very complicate for training the model 
as well as necessitates more difficult hardware and 
optimization methods. Deep neural network loss 
functions, for instance, have a high dimensionality and 
are non-convex, making optimization quite difficult due 
to the existence of numerous local optima and saddle 
points. 

2. Related Work 
Soybean Flowering and Physiological Maturity 

Forecasted Using Neural Network Aspects [3] are 
founded on the hypothesis that computer simulation 
models of plant growth have been formulated; but the 
models are not always getting good results in plant 
developing assessment among various conditions. Field- 
observed flowering dates is being used by this study for 
���� ���	

�� �����	�� ���� ���� ������� ��� �����������
investigations in North Carolina, Gainesville, Quincy, 
Clayton and Florida. The neural network model was 
trained on the daily Higher and lower climatic 
conditions, season, and days after planting or flowering 
are all factors to consider. The sets of data were divided 
into two main categories: for training as model 
development as well as independent data sets for testing. 
The relative mean error of dataset testing for the purpose 
of flowering date forecasting was 0.143 days and for 
estimation of physiological maturity was +2.19 days. 
Plant continued growth estimations are useful in 
agricultural production because they allow the 
cultivators to enhance field operation planning and 
enhance net income as shown in below Fig 4 and Fig 5. 

 

Fig 4.Inputs, connections, and structure of a neural network 
model are depicted using 3 distinct hidden nodes. 

When seed germinates, the vegetative and 
reproductive development processes begin, and these 
processes end when the harvest matures. Temperature is 
a key climate variable influencing plant growth. 
Furthermore, duration, or the length of the daily light 
period, can influence increases the productivity in some 
species. Existing simulation models struggle to correctly 
estimate development in a variety of areas where either 
temperature or photoperiod varies. Extended 
preprocessing was required before feeding the data into 
the neural network models. The findings for the three 
thresholds in equations 7 through 10 were entirely 
dependent on pre - processing phase. It was not possible 
to conduct an intensive research of all threshold values 
and neural network requirements. 

In this study, we anticipate maize yields using linear 
regression models and artificial neural networks models 
[4]. From 1962 to 2004, multiple linear regression 
models (MLR) and non-linear artificial neural network 
model (ANN) designs were used in forecasting future 
maize crop in China's Jilin region, with climate and 
fertilizer as predictor variables. Production was set to be 
determined by July-August rainfall, September 
precipitation, and fertilizer application. Fertilizer is used 
as a dominant forecaster in the ANN model and was 
found to be non-linearly related to output. For obtaining 
the fertilizer data of maize there is a difficulty so the 
studies used previous years yield tested data. Estimation 
skill scores derived from cross- validation 
technique andretroactive validation technique revealed 
that ANN models perform better than MLR and 
persistence.  Due to the non-stationary nature of the data, 
in the analysis of forecasting skill, cross-validation 
method was found to be less reliable than retroactive 
evaluation. Researchers used two approaches to study 
crop productivity in relation to environmental variables: 
mechanistic models and empirical models. For 
analyzing relationships between crop, soil types, 
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climatic conditions, and ecology, mechanistic 
approaches that depend on physiological methods for 
crop development are best. Because non-linear 
relationships identified by an ANN model are more 
difficult to understand than linear relationships 
identified by MLR, ANN has been dubbed a "black box" 
technique. As a result, the ANN extrapolates with 
greater care than a linear function. ANN gives low 
values compared with MLR solution and hence decides 
that nonlinear relationship is better. In present research, 
where interpretation occurred, the ANN model's 
bounded functional shape gave ANN an added benefit 
over MLR. Machine Learning Methods for Efficient 
Forecasting in India [5] Amount of rain, atmospheric 
pressure, chemical fertilizer, pesticides, ph level, and 
other climate patterns and parameters all have an impact 
on crop production. After recognizing the linear 
relationship among yield and these parameters, reliable 
yield prediction is needed. 

 
Machine Learning techniques can improve by 

distinguishing and presenting the consistency and 
pattern of drive information, machine execution can be 
improved without the need for characterized computer 
programming. This survey used a variety of neural 
network models to assess crop yield on crop yield 
datasets from multiple areas and crops, including Linear 
Regression model, Gradient Boosting Regressor model, 
Random Forest Regressor model, Decision Tree 
Regressor model, Polynomial Regression model, and 
Ridge Regression model. Mean absolute error (MAE), 
mean squared error (MSE), root mean square error 
(RMSE), R-square, and cross validation are the 
measures used to compare the accuracy of these 
strategies. Findings indicate that the Gradient Boosting 
Regressor has a precision of 87.9 percent with cross 
validation runs. 

 
Deep Learning techniques in Agriculture [8] is a 

comparatively recent, cutting-edge image processing 
technique and data analysis technique with best 
outcomes and massive results. Deep learning technique 
has recently made its way into agriculture after being 
used efficiently in other fields. We assess the sustainable 
agricultural challenges under consideration, as well as 
the models and theories employed, information sources, 
nature, and pre-processing as well as the improved 
ability achieved based on the criteria used at each work 
under considering. In addition, we compare deep 
learning to other popular technologies in terms of 
classification or regression efficiency differences. 

 

Fig 5. CaffeNet, example CNN architecture 

 Deep learning outdoes prevailing commonly used 
image processing method in terms of accuracy, 
according to our findings. Images make up a sizable 
portion of the information gathered through remotely 
sensed data. Images provide a clear understanding of 
farming in many cases and can be used to address a 
variety of issues. As an outcome, imaging analysis has 
become an interesting subject in agriculture, and 
intelligent data collection methods are used in a wide 
range of farming applications for image identity 
verification, outlier detection, and so on. DL extends 
traditional ML by incorporating more "depth" 
(complexity) to the model and transforming data from 
multiple capabilities that allow data representation in a 
systematic order, through many levels of 
abstraction.Based on the network architecture, DL may 
contain a wide range of modules. A basic problem in 
computer vision, not just deep learning, is that data pre-
processing is frequently required and time-consuming, 
particularly when satellite and images are involved.The 
high dimensionality and slight number of training 
samples of hyper spectral data are two issues. Aside 
from that, existing datasets do not always effectively 
define the problem. When considering corn returns, for 
example, it was important to compensate in cultivation 
data such as fertilization and water management, 
external influences other than weather data can be 
considered. Convolutional Neural Networks (CNN) are 
used to capture similar spatial functioning of different 
features and combine them to model yield response to 
nutrient and grain rate management [6]. To define a new 
dataset for training and test sets the CNN model, nine 
on-farm corn field studies are used. When compared to 
multiple regression analysis, the test dataset RMSE is 
reduced by up to 68 percent, and by up to 29 percent 
when compared to a random forest. When we look at the 
harvest data collected within 50 meters of the field's 
boundaries, we can see that the input variables centered 
on such cells cover an area with no data.  

 
As shown in below Fig 6 and Fig 7, Fig 8,This 

survey modeled yield response to nitrogen and seed rate 
management using five different field features (nitrogen 
and grain rates, elevation map, soil electro conductivity, 
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and spatial data). Other risk factors and management 
techniques that have an effect on global field impacts 
gain response to site-specific planning. These 
parameters differ from field to field while changing 
progressively within the same field. 

 
Fig 6.Convolutional Neural Network 

Growing plants Date, Hybrid Maturity, and Weather 
Conditions Influence Corn Yield and Crop Stage [7] In 
Iowa, USA, we examined wheat crop and phenology 
data from a multi-location, year, hybrid comparative 
maturity, and planting date study. Our goals were to find 
the best combination of sowing date and comparable 
maturity to maximize corn seed yield per weather, as 
����� 	�� ��� ����
	��� ���� �������� ��� ���
� ����-season 
���������������	�������
������������	����������������
planting date. According to ANOVA, 70% of the 
variability in seed yield was directly related to planting 
date and only 10% to associated to maturity, stating that 
short and full-season hybrid relative maturity periods 
generated equivalent to seed yield regardless of when 
they were sown as long as the farms reached maturity 
prior to harvesting. According to our findings, the time 
to grain yield is a good predictor of expected higher 
yield, with a critical stage (after which yield is reduced) 
of 23 July for Iowa. Furthermore, we discovered that 
keeping a lower limit growing degree of 648°Cday as 
during the grain-filling period enhanced maize yield. 
Conclude, the studied information will help Iowans in 
making sowing date decisions on the basis on hybrid 
relative maturity. Throughout most of the growing 
season (April�October), weather conditions at our 
sampling locations were relatively inconsistent. The 
Northeast place had the coolest site-year in 2014, while 
the Southeast place had the hottest year in 2016. In 
aspects of rainfall, 62 percent of the site-years were wet, 
24 percent became dry, and 14 percent were indeed a 
mix of the two .  

Maize seed yield, silking time, and other 
considerations, as well as grain-filling duration, are all 
affected by the planting date. In terms of seed yield and 
phenology, PD had a bigger influence than RM. Farmers 
in Iowa will benefit much during the growing season if 
they plant full-season hybrids all year; nevertheless, the 
real effect of RM fades over time. Immigrants came to 

warmer climates with a longer growing season as 
southern climates warm. A shortened growing season 
was blamed for the harvest penalty associated with 
delayed planting. Farmers typically select a mixture 
relative maturity well in order to progress of planting; 
however, our research shows that combination RM has 
a very minor impact on grain yield for any given PD 
when harvested before planting. 

 
Grain yield estimation and climate making 

predictions using machine learning techniques 
for Assessment of the impacts on agriculture [9] 
Weather has a significant impact on crop productivity A 
increasing previous research models this transaction in 
order to estimate the threat of climate change on the 
industry. A yield modeling approach that makes use of 
a semi-parametric variant of a deep learning to account 
for nonlinear dynamic interactions in high-dimensional 
datasets, as well as known geometrical structure and 
unfathomable cross-sectional heterogeneity. We show 
that using corn yield data from the Midwest of the 
United States, this model outperformed both traditional 
statistical methods and entirely nonparametric neural 
networks in predicting yields of years denied during 
model training. We show that climate change has a 
major negative impact on corn prices, but it is less 
intense than the impacts projected using statistical 
models. Abatzoglou's gridded surface meteorological 
database (METDATA) is used to generate the 
meteorological data (2013). Bagging improved both the 
parameterization and the SNN's precision, but the 
bagged SNN consistently outperforms. Both OLS 
regression and the SNN were outpaced by the fully-
nonparametric neural net, which was learned in the same 
way as the SNN but lacked simulation terms. 

Incorporating machine learning and crop simulations 
improves crop yield estimation in the Corn Belt of the 
United States [ 10].The goal of this research is to see if 
merging crop modeling and machine learning (ML) 
tends to improve grain yield projections in the Corn Belt 
of the United States. The primary objectives were to 
identify whether such a hybrid approach would result in 
better assumptions, which hybrid model mixtures 
provide much more better estimates, and which crop 
modeling attributes are most effective when combined 
with ML for maize crop prediction. The researchers 
noted that using simulation crop modeling as input 
features in ML models can lessen yield estimation root 
mean squared error (RMSE) by 7 to 20%. Furthermore, 
we investigated the selective complicity of APSIM 
attributes in ML forecasting and concluded that soil 
moisture-related APSIM variables have the greatest 
impact on ML projections, followed by crop-related and 
weather-related APSIM variables. This finding implies 
that weather reports alone are inadequate, and that Ml 
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algorithms require more surface water inputs to produce 
more accurate yield forecasts. 

 
Estimation of crop prices using supervised machine 

learning methods [11] and our focus is primarily on 
agriculture. Farmers are the most important people in 
agriculture. Farmers face massive losses if the price falls 
after the cultivation. This paper proposes estimating and 
planning crop prices for the next 12 months. The 
information is provided to users via a Flask web page, 
which is powered by impactful machine learning 
techniques and innovations and has a user-friendly 
interface as a whole. The accumulated training datasets 
contain a wealth of information for forecasting market 
price and demand. The Decision tree Regressor 
supervised machine learning algorithm was used in our 
model. It has been honed on a number of Kharif and 
Rabi seasons to improve efficiency. 

Estimation of Crop Production by Robots [12] 
Cultivation is an entirely manual endeavour. The use of 
machine learning methods to implement any type of 
automation is still in its beginning phases. The focus of 
this article is to present a contextual approach for 
introducing machine learning methods into the cropping 
process. A comparison of machine learning algorithms 
was performed in order to determine which algorithm is 
the most accurate in predicting the best crop for a 
specific plot of land. The research looks at six major 
food crops in Bangladesh: Aman rice, Aus rice, Boro 
rice, potato, wheat, and jute. Multiple Linear Regression 
(MLR) produced the most accurate results during the 
evaluation and was implemented into an Android 
application. The android platform system can also 
generate a timeline of the entire farming process for a 
specific crop, including when to apply fertilizer. Except 
for wheat and potatoes, MLR offers greater prediction in 
this case. KNN yields superior performance for wheat 
and potato. Mostly as result, the error is 0.40 percent for 
one and 6.26 percent for the other.  

 
Deep Learning Methods for Yield Estimation [13]. 

Automatic crop monitoring and yield prediction are now 
possible thanks to artificial intelligence. The categories 
were created entirely around five networks: ANN, CNN, 
DNN, RNN, and combination networks. The feed 
forward's ANN and DNN were examined, and both 
offered an average predictive accuracy of 60-70 percent. 
The large proportion of agricultural processing was 
carried out using images and timely monitoring. CNN 
significantly outperformed both DNN and ANN models, 
with efficiency of 80-85 percent. The only drawback of 
CNN in this research was that its projections were based 
purely on training sample rather than real-time past 
results. A few work was aimed at improving the yield 
prediction even more and to avoid loss during the yield. 
The RNN makes use of an LSTM-LSTM combination, 

which allows for the addition of data storage. When 
particularly in comparison to the other three systems, it 
involves the feedback loop that CNN fails, evaluated to 
the high classification level's average estimation of 83 � 
89 percent. 

3. Proposed Work 
 
3.1 Dataset Description 
 
For Crop yield prediction we need to select the crop here 
we selected the crop called Corn and going to forecast 
the yield based on the dataset and the applied algorithms. 
Dataset is the first thing we need to select here we 
collected the dataset from various sources like Syngenta 
and it mainly consists of the variables like nw, ns, np, 
nss where the number of weather elements is nw, and 
the number of soil particles is ns. measured at different 
depth, np is the planting component and nss is the soil 
component measured at the surface The six weather 
components considered are rainfall, radiation from the 
sun, snow water equivalent, highest temperature, lowest 
temperature, and air humidity for csv files they are 
named as Wij where i is the weather component index 
and consider the six weather components i.e i=1, . . .6 
and j= index of  week of year for every year there are 52 
����������!"#$%&'%�*�����	���""�+��������������������
bulk density(bdod), Caption exchange capacity at 
Ph7(cec), Coarse fragments(cfvo), clay, Total nitrogen, 
Organic carbon density(ocd), Organic carbon 
stock(ocs), ph in H20(phh20), Sand, Silt, Soil organic 
carbon measured at six different depths(0-5cm, 5-15cm, 
15-30cm, 30-60cm, 60-100cm, 100-200cm) with 250 
square meter resolution in csv files they can be named 
as Sij  where i is the soil component i.e i=1,-----11 and j 
is the index of depth j=1,---6. Planting time component 
is considered as np in csv files they are named as pi 
where i is the index of the planting date week i=1,---16. 
The crop performance dataset includes the identified 
average yield for corn between 1980 and 2019 across 
1,176 countries for corn in 13 states including Indiana, 
Minnesota, Kansas, North Dakota, Missouri, Illinois, 
Iowa, Nebraska, South Dakota, Ohio, Kentucky, 
Michigan, and Wisconsin. Organizational data is 
generally the cumulative percentage of cultivated fields 
in each state each week starting in April of each year. 
Grid map approach is followed which means horizontal 
and vertical lines to identify locations on map. 
 
3.2 System Architecture 
 
The System Architecture of proposed work is like first 
consider the dataset and preprocesses the data then split 
into train and test data apply the classification 
techniques and predict the results. Here for this 
forecasting purpose Corn dataset is considered from 
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open source challenge platform like Syngenta [2]. 
Cleaning, integration, reduction, and transmission are all 
methods of data preprocessing. We need to get rid of any 
data that isn't absolutely necessary. The procedure of 
detecting and analyzing inaccurate or incorrect records 
from a dataset is known as data cleaning. Real-world 
data frequently contains noise and missing values, and it 
may be in an inaccessible format that cannot be actively 
used for DL models. Data preprocessing is required for 
cleaning preparation and analysis it for various Deep 
Learning concepts, which increases performance and 
reliability. Data that is preprocessed is categorized for 
training and testing. Training a data means to train the 
model and testing is for validation process where the 
unseen predictions are done. The act of segregating 
available data into two segments, typically for cross-
validator purposes, is known as data splitting. One set of 
data is used to create a forecasting model, while the 
other is used to evaluate the performance of the model. 
Data separation into training and test sets is a critical 
step in assessing data mining models. Training 
percentage is taken as 80 and test percentage is 20. 
When a data set is split into a training phase and a 
validation phase, the majority of information is used for 
training and only a small amount is used for test results. 
To train any model, no matter what type of dataset is 
used, the set of data must be divided into training and 
testing sets.In the analysis of forecasting skill, cross-
validation method was found to be less reliable than 
retroactive evaluation. Researchers used two approaches 
to study crop productivity in relation to environmental 
variables: mechanistic models and empirical models. 
For analyzing relationships between crop, soil types, 
climatic conditions, and ecology, mechanistic 
approaches that depends on physiological methods for 
crop development are best. 
 
 
4. Flowchart for Crop Yield Prediction 

 
 

5. Implementation 

5.1 Deep learning Methods  

Corn yield forecasting is done using Deep Learning 
(DL) models. Convolutional Neural Networks (CNN), 
Recurrent Neural Networks (RNN), and Spiking Neural 
Networks are some of the deep learning models used in 
this paper (SNN). Neural Networks are composed of 
three layers: input, hidden and output layer. Input Layer: 
In this level various types of data is provided to the 
model. Number of neuron indicates the total number of 
features in data. Hidden Layer: The output of the Input 
Layer is fed into the Hidden Layer. Depending on our 
model and the size of the data, there could be many 
hidden layers. So every hidden layer may contain a 
different number of neurons, which is usually greater 
than the number of characteristics. Each layer's output is 
calculated by multiplying the previous layer's output by 
the learnable weights of that layer, followed by addition 

Start 

Select corn dataset 

Clean dataset 

Classification 

Convolutional 
neural 

networks

Recurrent neural 
networks 

Spiking neural 
networks 

Conv-  hidden 
layer Pool- 

hidden layer 
Flat- hidden 
layer Dense- 
hidden layer

Sequential- 
input layer 

RELU- 6 hidden 
layers Sigmoid- 
1 output layer 

FLATTEN - input layer   
RELU - hidden layer   

Soft max- output layer 

Prediction: Accuracy, F1-
score 

Result 

Split dataset into training and testing 
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of transferable biases and an activation function, making 
the learning process non linear. 
 
Output Layer: The hidden layer's output is then placed 
into a logistic function, such as sigmoid or soft max, 
which converts each class's output into a probability 
score for each class. Classification is a method of 
determining which of a set of characteristics a new 
observation belongs to, based on a learning set of data 
containing observations with defined category 
membership. 

5.2 Convolution Neural Networks (CNN) 

ConvNets also ������ 	�� -11�+� ��������� ��� ��������
layers mainly used for image processing and object 
detection. It has a number of layers that process and 
extract data features. CNN has a convolution layer with 
several filters that performs the convolution operation. 
CNN image categories take an image representation and 
process it before categorizing it. An input image is 
perceived by computers as an array of pixels, the size 
that rely on the quality of image. Depending on the 
resolution of an image, it will see h x w x d (h = Height, 
w = Width, d = Dimension). For convolution Neural 
1�������� 2-11�+3� ��� ��� ���� ������� �	����� i.e. 
convolution layer, Pool layer, flat layer, Dense layer. 
Conv1D is used and in this the kernel moves only in one 
direction applicable for Time series data, input and 
output of Conv1D is two dimensional. Convolution is a 
mathematical operation performed on two objects to 
generate an output that expresses how the shape of one 
is modified by the other. This calculation finds a special 
functionality in the input data and needs to return a result 
enclosing that feature's relevant data. This is known as a 
feature map. The process of merging is known as 
pooling. So it's primarily for the purpose of reducing 
data size. Max pooling is considered which takes the 
highest value within the box. One �dimensional array is 
considered as a method of converting input data to next 
layer also treated as flattening. The convolutional layer 
outcome is flattened to produce a single long feature 
vector. It is also correlated to the final classification 
model, forming a fully-connected layer. We attach the 
final layer to a single line that contains all of the pixel 
data. Fully connected layer is a dense layer tells that 
neurons of one layer communicate with next. Adaptive 
Moment Estimation optimization is a stochastic gradient 
descent model which is based on adaptive estimation of 

first-order as well as second-order moments. Adaptive 
Moment Estimation is a deep neural network training-
specific adaptive learning rate considered as 
optimization algorithm. The technique makes use of the 
power of adaptive learning rate techniques to identify 
individual learning rates for each parameter. The 
average of the squared differences between the observed 
and predicted values is used to calculate the Mean 
Squared Error loss. The output is always positive, 
regardless of the sign of the predicted and actual values, 
and the value obtained is 0.0. 

 

Fig 7. Convolutional Neural Networks 

5.3 Recurrent Neural Networks (RNN): 

One type of artificial neural network is recurrent neural 
network that can perform operations on some files like 
audio files, data files etc. All input and output values are 
independent in neural networks whereas in RNN, the 
hidden layers remember the data that was done in a 
previous layer and give that remembered data to the next 
layer as input so that it can perform operations on data. 
This process is repeated until the desired output is 
obtained. The rectified linear activation function, 
abbreviated RELU, is a piecewise linear function that 
retrieves the user input if it is positive and indirectly if it 
is negative. It has become the default activation function 
for few types of neural networks and it is easier to train 
and frequently results in better performance. Activation 
functions for a Rectified Linear Unit with six hidden 
layers. In multi-layer networks, the vanishing gradient 
issue restricts the use of the sigmoid and hyperbolic 
tangent activation functions. The rectified linear 
activation function solves the vanishing gradient 
problem, allowing features to learn more quickly and 
work better. When building multilayer Perceptron and 
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convolutional neural network models, the rectified 
linear activation act as   standard activation. Input layer 
is sequential and output layer is sigmoid. 

  

Fig8. Recurrent Neural Networks 

5.4 Spiking Neural Networks (SNN): 

Spiking neural networks (SNNs) were artificial neural 
networks that resembled natural neural networks. SNNs 
incorporate time into their operating model in terms of 
neuronal and synaptogenesis state. According to the 
principle, the neurons in the SNN do not need to transmit 
data during every propagation cycle. Information is only 
sent when a membrane potential � an inherent property 
of the neuron associated to its electrical charge on the 
membrane � reaches a specified value known as the 
threshold. When the membrane potential reaches a 
certain threshold, the neuron fires and transmits the 
signal to other neurons, which modify their potentials in 
reactions to the signal. The input layer is flattening. 
Flattening is the process of converting data into a one-
dimensional array for input into the next layer. We 
flatten the layer output to create a unified long feature 
vector. It is also linked to the last classification model, 
resulting in a fully connected layer. The ReLU layer is 
the hidden layer. The rectified linear activation function 
(ReLU) is a piecewise linear function that, if the input is 
positive, effectively generates the input; otherwise, it 
outputs zero. The rectified linear activation function 
solves the vanishing gradient problem, allowing models 
to learn more quickly and function better. The output 
layer, the Softmax layer, broadens this concept into a 
multi-class work environment. The total of those 
decimal likelihoods must equal 1.0. The number of 
neurons in the Softmax layer must be the same as 
number of neurons in the output layer as shown in below 
Fig 9. 
 

 

Fig 9.Spiking Neural Networks 

6. Results 

Tensor flow, an open-source software library, was used 
to create the three deep neural networks in Python. The 
training phase for each neural network took about 1.4 
hours on a Tesla K20m GPU. For comparative analysis, 
we used three other well-known forecasting models: 
Convolutional Neural Network models (CNN), 
Recurrent Neural Network models (RNN), and Spiking 
Neural Networks models (SNN). To ensure better 
comparisons, we wrote all of these modeling techniques 
in Python and evaluated them in the same software and 
hardware environments. The overall classification and 
prediction will be used to generate the Final Result. The 
effectiveness of the proposed approach is assessed using 
metrics such as, the ability of a classifier is referred to 
as its accuracy Class label is predicted correctly and the 
accuracy tells how good a given predictor can guess the 
value of attribute for new data. 
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6.1 Results for Convolutional Neural Network 

 

6.2 Results for Spiking Neural Network 

 

6.3 Results for Recurrent Neural Network 

 

6.4 Result Analysis 

The prediction accuracy of crop yield is compared with 
3 models and the results are depicted in Table1. 

 

 

 

Table 1: Comparing different measures for CNN, RNN, SNN 

 
7. Conclusion 

We described a deep learning-based framework for 
forecasting climate information and management in this 
study practices that successfully predicted corn yields 
across the entire Corn Belt in the United States. Most 
importantly, our approach went beyond estimation by 
providing major findings that aided in the explanation of 
yield estimation (variable importance by time period). 
The method  developed are convolutional neural 
networks (CNN) and Spiking neural networks (SNN). 
The CNN component of the framework was designed to 
capture the intrinsic temporal relationship of weather 
data as well as the spatial interconnections of soil data 
measured at different depths underground. The model's 
RNN component was designed to capture the rising 
trend in crop yield over time as part of ongoing 
improvements in plant reproduction and management 
practises. SNNs work with spikes, which are discrete 
events that happen at specific points in time, instead of 
continuous values. The occurrence of a spike is 
determined by nonlinear equations that depict various 
biological processes, the most significant of which is the 
membrane potential of a neuron. When a neuron attains 
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a certain potential, it spikes, and the potential of the 
neuron is reset. Several variables, including climatic 
conditions, soil, and management, had a large impact on 
the model's effectiveness. In unknown environments, 
the suggested framework accurately predicted yields, 
and it could thus be used in tasks requiring long-term 
yield forecasting. One of the most difficult aspects of 
deep learning techniques is their black box nature. To 
make the current proposal less of a black box and more 
concise, feature selection was back propagation method 
that is   used for trained CNN-RNN model. The feature 
selection model estimated the individual impact of 
weather components, soil type, and management 
variables, as well as the time span when these factors get 
to be significant, and that is a study development. This 
method could be used to solve other research issues. 
Similarly, a hybrid could be classified as low-yielding 
or high-yielding depends on the performance in 
comparison to other varieties in the same location. 
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Abstract. Prediction of a cardiovascular diseases has always a tedious challenge for doctors and medical 
practitioners. Most of the practitioners and hospital staff offers expensive medication, care and surgeries to treat the 
cardiovascular patients. At early-stage of prediction of heart-oriented problems will be giving a chance of survival by 
taking necessary precautions. Over the years there are different types of methodologies were proposed to predict the 
cardiovascular diseases one of the best methodologies is a Machine learning approach. These years many scientific 
advancements take place in the Artificial Intelligence, Machine learning, and Deep learning which gives an extra push 
up to help and implement the path in the field of medical image processing and medical data analysis. By using the 
enormous dataset from various medical experts used to help the researchers to predict the coronary problems prior to 
happening. Many researchers have tried and implemented different machine learning algorithms to automate the 
prediction analysis using the enormous number of datasets. There are numerous algorithms and procedures to predict 
the cardiovascular diseases and accessible to be specific Classification methods including Artificial Neural Networks 
(AI), Decision tree (DT), Support vector machine (SVM), Genetic algorithm (GA), Neural network (NN), Naive 
Bayes (NB) and Clustering algorithms like K-NN. A few examinations have been done for creating expectation 
models utilizing singular procedures and additionally concatenating at least two strategies. This paper gives a speedy 
and simple survey and knowledge of approachable prediction models using different researchers work from 2004 to 
2019. The examination indicates the precision of individual experiments done by various researchers. 

1 Introduction  

The heart is a significant organ which plays 
crucial part of every living being especially in humans. It 
pumps blood to all parts of our life systems. In case of 
failing to pumpor doesn’t work accurately, the mind and 
different organs will quit working, and inside couple of 
moments, the individual will pass on. Changes in way of 
life, business related pressure, and terrible food 
propensities add to the expansion in the pace of a few 
heart-related sicknesses. 

Heart sicknesses have arisen as perhaps the 
most unmistakable reasons for death all around the 
planet. The expanding populace in heftiness and 
smoking, the mortality from coronary sicknesses is 
slowly on the ascent, which has gotten the "best 
executioner" that compromises human wellbeing 
contrasted with malignant growth, Helps, and different 
illnesses, whatever age, character or area. As per WHO 
Coronary-related issues are responsible for the death of 
17.7 million people every year, around 31% of 
worldwide death mortality.Especially in India, coronary 
illness became primary cause of mortality. Coronary 
problems causes the death of 1.7 million in 2016, In 
2016 Global Burden of Disease Report, issued on 15th 
September 2017.  

Coronary illness analytics states that the 
expenditure on hospitalization and treatment is gradually 
increased compared to the previous years and also 
diminishesthe survival rate of a person. Evaluations of 
WHO, explains that in India cardiac patients has spent 
around $237 billion, in the span of 10 years from 2005-
2015. In this way, attainable and precise expectation of 
coronary related illness is vital. 

      The health care industry and health care 
research organisations collects the abundant data of 
patients,in which DM techniques are not used. The 
clinical data of the patients have covered up designs that 
are fundamental for data examination in the location of 
coronary illness. Coronary illness is a main source of 
death worldwide for as far back as 15 years. As the heart 
pumps the blood there is a possibility of on and off 
condition comes when the blood circulates inside the 
body which is inadequate, the rest of the organs inside 
the patient body especially brain and heart stops 
working, which causes the sudden death in few seconds. 
The importantelements are distinguished as age, 
hypertension, diabetes, family ancestry, tobacco, 
smoking, very high levels of cholesterol, daily routine of 
alcohol, actual dormancy, stoutness, chest torment, and 
eating junk food routine[1].  

Data gathered by inspecting the verified records 
of the inpatient.it is feasible to separate the details and 
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Abstract—Internet of Things (IoT) based Surgical Intensive 
Care Unit (SICU) Patient Monitoring system has a wide 
prospective of becoming an essential segment of the 
forthcoming medical sector. In certain, these models can play 
vital role for tracking health status of ICU or SICU patient 
encountering abnormal conditions. Any smart health care 
patient monitoring device should be free from erroneous data, 
which may arise due to components failure and communication 
inaccuracy. In this project we are using Atmega328 
microcontroller for additional memory and pins. The heart of 
the proposed system architecture is Node MCU 
microcontroller. The Node MCU microcontroller uploads the 
sensors data into the ThingSpeak cloud along with data and 
time and monitoring the sensors values on LCD display and 
also if any abnormality conditions of patient the system gives 
the audible alerts through Buzzer. This paper deals about the 
checking of health data like Pulse, Spo2, Body Temperature, 
ECG and Ambience monitoring such as Room Temperature, 
Pressure and Altitude and in addition to detect fall we use 
MEMS sensor. 

Keywords—IoT, Health data, Abnormal, Buzzer, ThingSpeak  
 

I. INTRODUCTION  

Health is often been a serious concern and extreme 
importance in our habitual life wherever human growth is 
advancing in terms of technology. Like with the advent of 
novel corona virus that has ruined the economy of world is 
associate example which shows health care has become a 
serious importance. In such cases it's always better idea to 

monitor patient‘s health remotely. So Internet of Things 

(IoT) based patient health observance system is current 
resolution to that. Remote Patient health observance system 
empowers the observation of patients outside clinic [1][2]. 
The sensors are coupled to a microcontroller unit which is 
further interfaced to LCD and additionally if any abnormal 
changes in heartbeat, Spo2, body temperature are detected, 
it consequently triggers the buzzer and furthermore indicates 
health vitals and Room Ambience parameters live in 
ThingView App. Once the patient health status Increases to 
critical stage then immediately medical Assistance can be 
offered to concerned patient to look after his/her well-being. 
This project particularly plays a serious role where 
pandemic is unfolded in space wherever doctor reach is 
partially attainable. The current work is also associated with 
the cloud-based networking for networked users to easily 
access the sensors data and further use it for classification 
purposes [3][4].  

II. BACKGROUND 

A. Existing System 

In present condition in a hospital, either nurse or doctor has 
to move from one patient to another in order to check their 
health status which may not be possible to continuously 
monitor them. Also, when medical emergencies happen 
there might be a chance of patient being unconscious and 
unable to trigger Alert. Literature elucidates on Health 
monitoring systems borne with IoT applications but 
monitoring fall detection and the ambient atmospheric 
pressure, temperature as explored minimally. The 
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Abstract—The increasing number of devices and high data 

speed requirements are putting a challenge. To address these 
problems 5G is implemented. The Orthogonal Multiple Access 
(OMA) schemes are not sufficient for the implementation of 
the 5G. One of the promising Multiple Access Technique is 
Non Orthogonal Multiple Access Technique (NOMA). In 
NOMA the entire users use the same resource so there will be 
interference from the others users. In order to transmit data 
and recover it correctly, this research work utilizes the 
Successive Interference Cancellation (SIC), which will increase 
the receiver complexity but has the benefit of high connectivity 
and spectral efficiency. This paper has analysed different 
variants in NOMA and presented the most prominent works 
and compared NOMA with OMA. The challenges for 
implementing NOMA commercially have also been addressed 
elaborately. 

Keywords— NOMA, OMA, SIC, Multiple Access Schemes 

 

I. INTRODUCTION  

In wireless communication systems Multiple Access 
schemes play a vital role and are responsible for correct 
utilizat ion of the spectrum, latency and system throughput. 
With new generations introduced every decade they come 
with new requirements. Similarly the next generation that is 
5G needs new mult iple access scheme for fulfilling the 
requirements [1].In past, the OMA schemes such as 
Frequency Division Multiple Access (FDMA), Time 
Div ision Multiple Access (TDMA),  and Code Division 
Multiple Access (CDMA) have been used. In OMA 
Schemes, ideally the interference among the users are nil. 
The NOMA schemes can be considered as one of the two 
types, they are Power domain and Code domain NOMA. In 
power domain each user is assigned a unique power level 
and all the user use the same frequency, time and code 

resource. A user who is having the highest channel gain will 
be assigned the lowest power and similarly the user with the 
lowest channel gain will be allocated the highest power. 
Here in NOMA the users will expe rience interference, so at 
the receiver end we will use a technique called SIC to 
recover the user data [2].The code-domain NOMA achieves 
multiplexing in the code domain. 

 
Currently, NOMA is pursued by standardizat ion bodies, 
academia and industry. The progression in power efficiency 
that makes SIC at user equipment possible is the major 
advantage of NOMA. The need for huge base of 
connectivity and improved spectral efficiency happen to 
support the implementation of NOMA. Channel State 
Information (CSI) at the Base Station (BS) and of the end 
users is the basic pillars on which the NOMA technique 
relies on. For commercial deployment of NOMA, there are 
numerous challenges to be addressed apart from the SIC. 
The current paper stresses on the comparative analysis of 
NOMA with OMA technique and addresses the challenges 
for NOMA to be commercially deployed. Section II 
discusses the Background of NOMA and its variants and the 
subsequent section discusses the differences between 
NOMA and OMA cit ing the works availab le in literature. 
Section IV addresses the challenges of implementing 
NOMA in various fields and finally concludes the review by 
culminating all the results available from various 
researchers.  

II. BACKGROUND 

A. Power Domain Downlink NOMA [3] 

Downlink NOMA consists of a single BS with two users 
because here we are considering two  users NOMA. 
Downlink is receiving superposition coded signal from BS 
to the user1 and user2. 
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Abstract- One of the dreadful diseases that the 
world encounters today is brain tumor. When 
abnormal cells form in the brain, it is called a 
brain tumor. There are lot of variations in sizes 
and location of tumor, and hence this makes it 
really hard for a complete understanding of 
tumor. Radiologists can easily diagnose the 
disease with the help of medical image 
techniques, but making this process automatic 
is obviously useful. Magnetic Resonance 
Imaging (MRI) is the most effective method for 
detecting brain tumors where, MRI images are 
trained and tested in order to detect the tumor. 
The automated system would be able to detect 
and pin-point the exact location of the tumor in 
an MRI image. In this project, the automated 
system is built using Mask Regional-based 
Convolution Neural Network (Mask R-CNN) 
which segments the abnormal tissues in the 
brain and mask is applied over the segmented 
region. Mask R-CNN has the best performance 
compared to other methods such as R-CNN 
(Regional-based CNN), Fast R-CNN and Faster 
R-CNN.  

Keywords: Tumor Detection, Image 
Segmentation, MRI  Images, Mask R-CNN. 

I. INTRODUCTION 

   The brain tumor [1] is  an abnormal grouping of  
cells related to the brain. Malignant (cancerous) or 
benign (non-cancerous) are types of brain tumors. 
Malignant brain tumors originate in the brain, 
grow rapidly and quickly infect the surrounding 
tissues. It also has the tendency to expand to other 

parts of the brain and cause dementia and 
damage the central nervous system [2]. Cancerous 
tumors (Malignant) can be divided into primary 
tumors and secondary tumors. Primary 
brain tumors start in the brain and spread from 
there, whereas the origination of secondary 
brain tumors are elsewhere. In contrary, a benign 
brain tumor is a cluster of cells that develops 
slowly in the brain. When a tumor grows in the 
brain, the pressure inside it rises, causing brain 
damage and death. As a result, early accurate 
diagnosis of brain tumors can help to improve 
options for treatment and increase the probability 
of survival. Medical Imaging Techniques such as 
MRI, CT scan, Angiography, Skull-Xray, and 
Biopsy are utilised to diagnosis the brain tumor. 
The best tool for detecting tumors is Magnetic 
Resonance Imaging (MRI). However, because a 
large number of MRI images are generated in 
medical practise, manual segmentation of 
tumors is a time consuming, difficult, and 
burdensome task.  As a result, obtaining accurate 
tumor segmentation from the human brain is a 
very difficult task. Therefore, an automated 
system would be able to detect the tumor in an 
MRI and determine its exact location. 

A. Image segmentation 

   Image segmentation [3] belongs to the branch of 
image processing which focuses on dividing an 
image into separate parts usually based on their 
characteristics and properties. The primary goal of 
image segmentation is to simplify  image such 
that images can be analyzed easily. Digital image 
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Abstract— Polar codes are known for capacity-attaining 

capability, low encoding, and decoding intricacy. The two well-

known approaches for decoding polar codes are Successive 

Cancellation Decoding (SCD) and Belief Propagation Decoding 

(BPD). SCD is having latency problems due to serial in type. For 

soft latency applications, BPD is further desirable due to 

parallel type. The energy-dissipation and latency enhance in 

proportion with a number of repetitions. In this paper, we used 

parallel self-timed adder (PASTA) in approximate belief 

propagation decoder and implemented using Xilinx tool 

selecting device XC3S250E of Spartan3E family. In comparison 

with other types, this decoder achieves a reduction in delay. 

Simulation outcomes reveal that the proposed belief 

propagation decoder for polar codes achieved 13.74% 

improvement in delay. 

Keywords: Polar, decoder, belief, Propagation, adder 

I. INTRODUCTION  

      Considering decoding of polar codes [1], there are 
different type of methods proposed. SCD [2, 3] and BPD [4 
,5, 6, 7, 8] are the two well-known methods. SCD incurs 
latency because of serial type of the process, and SCD 
necessitates less mathematical calculations in comparison 
with BPD. To minimize the latency of SCD and to attain a 
high throughput, some methods are proposed. Stack decoding 
& List decoding established on SCD are proposed to enhance 
the property of   correction of error of polar codes. Polar BPD 
has superiority of parallel processing. BP decoders are 
preferred in comparison with SCD due to latency. However, 
because of their iterative type, the energy dissipation and 
necessitate latency of BPD will change in proportion with the 
number of repetitions. B.Yuan and K.K Parhi in Ref. [4] 
describes an architecture optimization of BPD. They started 
from MS (minimum sum) algorithm then moved on to SMS 
(scaled minimum sum) algorithm with latest BPD. In order to 
bring down  
      CPD (critical path delay) in SMS (scaled minimum sum) 
algorithm, efficient critical path reduction method is 
proposed. Both MS and SMS algorithms are used in this 
optimized method. Without any change in hardware 
utilization, there is 0.5dB gain in decoding for this proposed 
(1024, 512) polar code. 30 % throughput is increased and 
80% improvement in hardware efficiency. 
       Y.Zhang et.al developed BPD where each node is added 
by extra check node compared to basic BPD. From the new 
check nodes, propagated messages are changed by 
multiplying the bits. BP decoder got good performance 
compared to basic BPD [5]. Reference [6] describes an early 

stopping criterion for energy efficient low latency BPD for 
polar codes. Up to 42.5% at 3.5dB change in number of 
iterations by using two different stopping criteria for (1024, 
512) polar code. For selecting stopping methods in different 
SNR areas, new channel condition estimated scheme was 
proposed. Chu Hsiang Huang et.al in [7] proposed two 
implementations of BP algorithms to censor BP and average 
BP which makes it immune to noise due to computation. 
Yuanrui Ren et.al proposed a low complexity. A low-
complexity LLR-magnitude aided (LMA) early termination 
scheme was discussed in [8]. They reduced the iteration by 
72.6%. They also proposed cyclic redundancy check (CRC) 
based faster ending method for   better performance.  Memory 
efficient BP decoder using stage combined algorithm has 
been presented by Jin Sha et al [9].  Junmei Yang et al have 
revealed the common factors between BP polar decoder and 
Fast Fourier transform (FFT) based processor and their 
proposed feed-forward and feed-back pipelined BP polar 
decoders with processing schedules [10]. Guiping Li et.al in 
[17] applied BP decoding to parity check matrix to improve 
the performance. Menghui Xu et al[12] proposed  BPD for 
applications that need low complexity high fault tolerance 
and insensitive to processing speed based on stochastic 
principles. In the paper [13] by Menghui Xu et al , 
approximate BPD is proposed for applications which  does 
not need very  accurate results but need less complex 
hardware and hence less delay. 
      In our paper approximated BPD is further improved in 
implementation by optimizing the adder. It results in less 
delay compared to conventional one.  
 
 
 

 
 

 
Fig. 1 Encoding of polar codes for n=4   
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Design and Analysis of Two-Stage
Operational Amplifier for Biomedical
Applications

Pabba Sowmya, Mamatha Samson, Mohd Javeed Mehdi,
and Shaik Afifa Farman

Abstract The key purpose of this paper is to implement an amplifier that retains
less power and large gain which is appropriate for precise biomedical applications.
The circuit design of a two-stage opamp is executed with the help of LTspice tools
employing 180 nm technology files. Numerous analog systems, for example, filters,
integrators, data converters like ADCs, and summing circuits are carried out with
operational amplifiers as it is the most necessary building block for the above-
mentioned circuits. It is essential to design an effective amplifier that enhances
the performance of analog circuits. Present work largely focused on executing a
two-stage opamp with maximum gain. Further, utilizing this two-stage opamp, an
instrumentation amplifier is realized. Several performance parameters, for example,
voltage gain, AC gain, slew-rate, average power consumption, and bandwidth are
calculated and observed.

Keywords Voltage gain · Bandwidth · Average Power · Slew-rate

1 Introduction

Most of the biomedical signals are with the amplitude ranging between 10 microvolts
and 10 millivolts, the amplitude of Electrocardiogram (ECG) signals is nearly 1 milli-
volt, the amplitude of Electroencephalogram (EEG) signals is nearly 100 microvolts,
the amplitude of Electromyogram (EMG) signals is nearly 5 millivolts, including
a large amount of common-mode interference and noise signals [1]. Operational
amplifiers being the most fundamental building block for most of the biomedical
applications for signal acquisition, it is necessary to design an opamp that offers
huge gain. Opamp is the short form used to refer to an operational amplifier [2].
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Abstract—Internet of Things (IoT) is one of the emerging
technologies. In recent years IoT technology spreads into all the
areas which are, Agriculture sector, Industrial sector, Defense
sector, Pharmacy sector, Science and Technology sector, and
Irrigation sector etc. Due to its wide verity of applications,
the human life becomes very much simpler than the previous.
This IoT consists of many smart devices connected to each
other with the help of the internet for communicate to each
other for better results. With the help of IoT and other smart
devices, online patient monitoring system and diagnosis are
the innovative solutions for remote patients. Due to COVID-
19 pandemic situations, online doctor, patient interactive system
is very much essential. To further investigation of the disease
or the health issues, initial test results measurements are safe.
Consulting a doctor, diagnosing the disease, and Treatment a
patient are very much possible through the proposed IOT Based
Health Monitoring and Management System is very much useful
for rural people. The proposed system is safe and the measured
values are very much nearer to the physical patient test result.

Index Terms—IOT, COVID-19, Patient, Doctor Interaction,
Cloud Management, Hospital and Ambulance Services

I. INTRODUCTION

Health care is the basic need to everyone. The problem as-
sociated with healthcare system is there are fewer amounts of
medical facilities to monitor the patients condition to provide
the treatment. So, it is necessary to optimize the healthcare
system to make it more effective. Due to its huge rural
population, requires more attention on their health conditions.
Due to global and biological issues, they are far away from
the minimum health facilities. Due to lack proper health and
diagnosis facilities, and their living conditions, some novel
systems are required to improve their health conditions as well
as, to give proper diagnosis to them in-time[1].

With the help of advanced communication and information
technologies, it has led to the Internet of Things (IoT) for
various real world applications. Many physical devices capture
transmit data, and provides data to various interoperability

methods in IoT. The basic functionalities of IoT is for storage,
display and communicate the information. Hence the Internet
based Health monitoring system with IoT is beneficial for
distant patient monitoring on a continual basis and aggregated,
and analyzed the sensed data. It can bring about a massive
positive transformation in the field of Internet-health system
for the rural people.

In the pandemic situations like COVID-19, rural people are
very much suffered due to lack of proper medical guidance
and facilities. In COVID-19 like situations, tracing, testing,
and treating are the three main processes for control the spread
of any diseases, but due to less number of available facilities,
testing and treating the diseases are much difficult. To give
better health advises and treatments to COVID-19 patients,
need to provide an IoT based human health monitoring and
communicating and provide other facilities to them for better
health conditions and it is working mainly based on Tele-
Medicine concept for rural people. This type of technology
very much useful for storing the data, communicating, and
sending messages to nearby hospitals or ambulances through
location identification as well as sending a request for treat-
ment are the novel methods in the proposed research. It is very
much useful to reduce the delay in diagnosis time as well it
increases patient life span in emergency conditions [2].

There are many advantages and disadvantages in Internet
of Things like, transferring data through a connected network
which saves money and time, access information at anytime
from anywhere through an internet. It improves quality of
lives also reduces involvement of humans. Similarly it has
some disadvantages. If any of the device which is connected
to IOT having a malware or bug, then the whole systems gets
corrupted, as number of users increases, security decreases
and the data could be stolen. Some of the standards and
frameworks in IoT as IPv6 over LOWPAN, Zig Bee, CoAP,
LORAWAN, AWS, Azure etc.[7], [8], [9], [15]. In IoT tech-
nology, Wireless sensors are the key elements. With the help978-1-6654-8035-2/22/ $31.00 © 2022 IEEE
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Abstract—The concept of spherical seperabilty was innovated
by authors.In this research paper, based on the concept of
spherical seperability, novel associative memories are proposed.
The dynamics of the associative memories is shown to lead to a
stable state or a cycle of length atmost 2, starting in an initial
condition.

Index Terms—Artificial Neural Networks, Spherical Seper-
ability, Novel Associative memories, Hopfield Neural Networks,
Hopfield Associative Memory

I. INTRODUCTION

In an effort to understand the operation of biological neuron,
McCulloch-Pitts proposed a model of biological neuron. This
model of neuron was motivated by the concept of ”linear
separability” of patterns that need to be classified into two
or more classes. Since McCulloch-Pitts neuron doesn’t have
the ”training” ability, perceptron model was proposed. Using
Perceptron learning law it was established that single ”layer”
perceptron can classify linearly seperable patterns. In an effort
to classify non-linearly seperable patterns, Multi-Layer percep-
tron (MLP) was conceived and utilized successfully in many
applications. Using McCulloch-Pitts neuron model, Hopfield
proposed an Artificial Neural Network (ANN) which acts as
an associative memory. The author, in his research efforts
proposed the concept of ”spherical separability of patterns and
established that linear separability implies spherical separabil-
ity but not the other way [1], [2]. Thus, a natural question that
remained was whether it is possible to propose an ANN based
on spherical separability that acts as an associative memory?
This research paper is an effort to answer such a question.

In more clear terms, Artificial Neural Networks(ANNs),
such as Single Layer Perceptron(SLP) were proposed based on
the concept of linear seperability of patterns [3]. This model
of neuron based on McCulloch-Pitts neuron was successfully
utilized to arrive at Hopfield Associate Memory(HAM). The
authors proposed the concept of ”spherical seperabilityy” and
reasoned that linear seperability implies spherical spereability
(under mild conditions) but not the otherway. ANNs based
on spherical seperability were proposed successfully [1],[2].
A natural question that remained was whether an associative
memory can be arrived at using the concept of spherical
seperability.

Vapnick, in an effort to increase the noise immunity of
perceptron proposed the concept of Support Vector Machine
(SVM). SVM in a well defined sense (maximization of ”MAR-
GIN”) leads to the concept of ”optimal linear seperability”.
Various researchers investigated SVM design in higher di-
mensions by suitably projecting the patterns (that are not
linearly seperable) so that they become linearly seperable
(using suitable kernel functions) in higher dimensional space.
Various interesting theorems related to design of SVM’s (such
as Mercer’s theorem) were proved.

Also, Radial Basis Function Neural Networks(RBFNN’s)
are proposed in which the activation function at each neuron
computes the distance between an input vector and centering
vector at the neuron. The centering vectors correspond to
centers of clusters of patterns. Other than the pioneering effort
by authors on spherical seperability, there is no related research
literature. The closest related concept is ”clustering”.

This paper is organized as follows. In section II, various
models of associative memory based on spherical separability
are proposed.In section III, simulation results are presented. In
section IV, recurrent laered neural networks are discussed. In
setion V, we briefly discuss synthesis of associative memories
based on spherical seperability. Conclusions are reported in
section VI.

II. SPHERICAL SEPERABILITY
...ASSOCIATIVE

MEMORY ARCHITECTURES
...

We first summarize relevant details related to the concept
of spherical seperability of patterns. It was first introduced in
[1].

Definition: Patterns belonging to two classes are(in Eu-
clidean space) said to be spherically seperable if and only
if there exists a ”hypersphere” which seperates the patterns
belonging to the two classes.

Note:Patterns belonging to M-classes are ”spherically seper-
able” if and only if any pair of classes are spherically seper-
able.

Note: The distance metric can be more general than a
Euclidean distance (e.g.Hamming distance).

Note: It can easily be proved/reasoned that patterns(which
are in a bounded region of Euclidean space) that are linearly
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a b s t r a c t

One of the major quality of grading fruits is its appearance. Appearance is effects the marketing and
choice of consumer. Colour, texture, size, shape are used to find quality of fruit. But the sellers controlling
the external quality of fruits to get high profit. In earlier observations, implemented products, computer
vision systems for external controlling quality so grading and classification of fruits is based on observa-
tions. The proposed system depend on image processing to classify and grade quality of fruits by using
mean of image, colour and HOG (Histogram of gradient) feature extractions are used to classify the fruit
quality. All machine learning algorithms are used to find the better accuracy of data how it is predicting.
In proposed method first data set is collected, then pre-processing is applied for better results. Machine
learning algorithms (K-nearest neighbour (KNN), Support Vector Machine (SVM), and PCA is used for
dimension reduction and to get good accuracy to implement the system. For big data pre-processing
and to get better results Deep learning (CNN) is used to test the fruit in real time world with result
and audio sounds. Audio is used to detect object by hearing also.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

India is associate degree agricultural country. International
comparisons reveal the common yield in Republic of India is usu-
ally 30%-50% of the highest average yield within the world [1].
Agriculture and farming is one amongst the biggest economic sec-
tors and it plays the most important role in economic development
of Asian nation. Still in Asian nation, the standard examination of
fruits is performed by human consultants. A lot of time is wasted
within the fields for checking the standard of the crops. The fore-
most vital property is fruit size whereas colour resembles property.
Hence, classification of fruit is important in evaluating agricultural
turn out, meeting quality stands and increasing market price.

It’s conjointly useful in designing, packaging, transportation and
selling operations. If the classification and grading is completed
through manual techniques, the method are going to be too slow
and generally it shall be error prone. The labours classify fruits
and vegetables supported colour, size, etc. If these quality mea-
sures square measures mapped into machine controlled system
by victimization suitable programming language then the works
are going to be quicker and error free.

In recent years, pc machine vision an image process techniques
are found more and more helpful within the fruit The fruit

business, particularly for applications in fruit quality examinations
and shorting [7]. Analysing the vision may be a general character-
istic of our brain. Our brain takes no effort to browse and perceive a
symptom, or separate a lion and a felison a or acknowledge indi-
viduals by their face. All this can be too straightforward for
humans. Wherever as for computers these square measure the par-
ticular difficulties to unravel. Thanks to advancement in vision
based mostly computing capabilities and as algorithms will under-
stand pictures and videos, systems will be ready currently which
perceive what we tend to square meature gazing and what actions
we tend toned to perform [2]. Several machine vision algorithms
square measure available for agricultural applications too [3–5].
These algorithms area unit used often for speed, economic benefit
and correct scrutiny, meature and analysis tasks. For exploit a
spread of data from the farms, such as fruit and vegetable detec-
tion, estimation of fruit size and weight, fruit and vegetable iden-
tification, leaf space and yield estimation, plants, classification
and grading. Among the on top of, fruit classification and fruit
grading is one of the foremost vital and troublesome task as within
the food market the cashiers ought to apprehend the various
classes of a fruit element to see its value [6]. So as to scale back
the manual work of classification and sorting to enhance the qual-
ity of the fruit grading, we are able to use the image process and
machine learning algorithms. Form of the fruit, colour and size is

https://doi.org/10.1016/j.matpr.2020.08.445
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Abstract— Cognitive Radio Spectrum Sensing is one of the novel techniques in wireless communications. In this process, 
wide variety of techniques are available for detecting the spectrum availability to send the secondary signal frequency 
signals in the absences of the other primary signal frequencies. In this Cognitive Radio spectrum sensing, speed of 
operation of the network is one of the important factors for efficiently data handling and transmission process. 
Cyclostationary feature detection is one of the efficient methods for Cognitive Radio spectrum sensing applications. The 
performance of the Cyclostationary feature detection-based spectrum sensing architecture in cognitive Radio networks 
can be improved by implementing the advanced multiplication techniques like Vedic multipliers for test statistic 
computing module deployed in the architecture. To detect the presence the signal over the provided spectrum band, 
continuous sensing of spectrum is required. This involves numerous multiplications. The proposed model with help of 
Vedic multipliers reduces the power consumption as well as increases the performance of the architecture and the 
simulation results are compared with BOOTH multiplier, when it is implemented in test statistic module shows better 
results. The complete design is implemented in Verilog and tested using Xilinx ISE and Xilinx Vivado tool. 

 
Keywords: Cognitive Radio, Spectrum sensing, Cyclostatioary detection, Test statistic module, Booth Multiplication 
technique, Vedic multiplier.  

 
I. INTRODUCTION 

 
As the technology is increasing day to day, the need for the advancement in the communication system also increasing 

gradually. Cognitive Radio is one of the best used technology that enhances the system capacity by allocating the free licensed 
spectrum bands of primary users to the secondary by using the spectrum sensing technique [2]. Sensing techniques implemented 
with better performance will help in the speed of operation. There are several spectrum sensing techniques. These detection 
techniques have their own advantages and disadvantages. Matched filter detection technique involves precise information of the 
target user and it consumes huge power and has high complex architecture that leads to huge cost. On the other hand, Energy 
detection is well known for its simplicity and ease of hardware implementation. But it is not supportive to use under low SNR 
conditions [8]. 

  
Main focuses of this paper on the performance of test statistic module deployed in the Cyclostationary based spectrum 

sensing CR network. Cyclostationary feature detection is a technique for detecting primary user transmissions by exploiting the 
cyclostationary features of the received signal frequencies. It is best for low SNR calculation. In this sensing process, large 
number of multiplications are required to perform the test statistics. With the help of CORDIC, BOOTH technique, the filtering 
operation takes more time. So, it takes more power consumption to perform entire process. In this process, to reduce the power 
consumption we deployed Vedic multiplier in the design instead of the existing CORDIC and BOOTH. After the simulations 
and with the obtained results, the proposed Vedic multiplier shows good results and used to improves the speed of operation and 
also reduces the power handling efficiency and also improves the efficiency of the entire module for spectrum sensing 
applications.  

 
The rest of the paper is presented as follows. In section II, discussed the system design and the importance of test statistic 
module in the design. In section III, the advantage of Vedic multiplier over Booth multiplier discussed. In section IV simulation 
results of Vedic multiplier and comparison results followed by conclusion and future scope in section V.  
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Abstract— Data transmission in cryptography is held by encipher 
and decipher processes. Data Encryption Standard is one of the 
symmetric key encryption algorithms. Data Encryption Standard 
(DES) is one of the simplest cryptography algorithms. Modified 
Dual Coupled LCG (MD-CLCG) is an essential element of 
Pseudorandom Bit Generator (PRBG) because it requires less 
area and it is more secured compared to previously executed 
different algorithmic techniques of linear congruential generator 
(LCG) family and other pseudorandom bit generators. In 
cryptographic schemes key generation makes an important role. 
This paper has implemented a modified dual-CLCG for the key 
generation with the utilization of shift register in Data 
Encryption Standard cryptographic technique.  Usage of 
Modified Dual-CLCG in Data Encryption Standard algorithm is 
designed and coded by the Verilog-HDL language and 
prototyped on FPGA device Spartan3E XC3S500E. 

 
Keywords— Pseudo Random Bit Generator (PRBG), modified 
Dual coupled LCG (MD-CLCG), Data Encryption Standard 
(DES), symmetric key encryption. 

 

I.  INTRODUCTION  

Securing data in various IOT applications is becoming 
more difficult by the day, and internet privacy is getting more 
sensitive. Transferring large amounts of data across the 
internet to a million or more components could result in 
privacy concerns [1] [2]. Pseudorandom bit generator (PRBG) 
is a critical aspect in IOT dependent systems for security.  

The Pseudorandom bit generator is a aspect that manages 
user privacy in IOT devices because internet security in IOT 
apps and data privacy in IOT premised devices is both 
difficult to achieve presently. With limitations such as area, 
starting clock lag, randomness, and power, the huge bit size of 
PRBG VLSI design is challenging. The PRBG is said to be 
random if it passes the National Institute of Standards and 
Technology (NIST) fifteen benchmark statistical tests. 

Pseudorandom bits can be generated using a number of 
different methods. Linear feedback shift register, linear 
congruential generator (LCG), Blum blum shub generator 
(BBS), Coupled linear congruential generator (CLCG) and 
dual-coupled linear congruential generator are different types 
of linear congruential generators. 

Lenore blum, Manuel blum and Michael shub were 
created Blum blum shub generator (BBS) in 1986 year as 

pseudorandom generator. The hardware implementation is 
used to conduct modulo of the largest prime numbers and to 
calculate the size of a specific prime number [3]-[6]. The input 
to first output clock intermission is 2n+5 clock cycles, while 
the output latency is 2n+5 clocks [7] [8]. 

The simplest technique is to use a linear feedback shift 
register (LFSR). The LFSR is made up of simple flip flops and 
an XOR gate. The LFSR's architecture is straightforward. The 
LFSR takes up less space and has less hardware complexity. 
Because of its linearity structure, it fails to pass randomization 
tests. LFSRs are n-bit counters that produce pseudo-random 
bits. For n-bit, LFSR can only produce 2n-1 sequences [9]. 

LCG has a smaller footprint and less hardware 
complexity. It fails to pass randomization tes ts due to its 
linearity structure, as anyone may predict the following 
sequence after some time. 

A coupled linear congruential generator is made up of two 
LCGs connected in parallel and a comparator [10] [11]. CLCG 
is safer than a single LCG [11]. CLCG fails the NIST five 
tests as well as the Discrete Fourier Transform test. The 
CLCG DFT test, which comprises two inequality 
comparisons, shows that sequences have a periodic shape [12]. 

Two connected LCG layouts with two comparators 
merge with one controller unit and memory to create a dual-
coupled LCG (flip flops). Dual-CLCG generates pseudo 
random bits with clock latency of 2n+5 clocks at first, then 
only 2 clocks later to generate the data. For n-bit pattern 
formation, Dual-CLCG requires (2n-1) flip flops. Dual-CLCG 
fails to reach the NIST statistical randomness requirement and 
to achieve maximum length of sequence. 

Cryptography is an essential component in used in the 
security of computers. Encipherment algorithms include 
substitution and transposition the main requirement is no data 
loss. When the transmitter and recipient share the same private 
pass code (key), the design is considered as a secret key, 
single key, or symmetric key/encryption. The mechanism is 
considered to be two key encryption or asymmetric encipher if 
the sender and receiver have distinct private keys. A 
symmetric encipher process is made up of five aspects: plain 
text, encryption algorithm, secret key, cypher text, and 
decryption of the data.   

An invention of the DES algorithm was a valid 
interpretation in the early stages of surveillance systems. This 
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Abstract— Pseudo Random Bit Generator (PRBG) is a key 
element to protect the data in various cryptography 
applications during transmission. To prove more secure among 
different previous pseudo random bit generator methods like 
Linear Feedback Shift Register (LFSR), Linear Congruential 
Generator (LCG), coupled LCG (CLCG), and Dual Coupled 
LCG (dual-CLCG) the modified Dual coupled LCG (MD-
CLCG) is implemented. This method used is to generate a
pseudo random bit with less area occupation and with single 
clock delay. In this paper three different ways of adder 
topologies ripple carry adder (RCA), carry skip adder (CSKA) 
and carry increment adder (CIA) are implemented in the place 
of modulo carry save adder to analyze the area, power and 
speed performance of the modified Dual Coupled LCG design 
using Verilog-HDL and prototyped on FPGA device Spartan3E 
XC3S500E.

Keywords— Pseudo Random Bit Generator (PRBG), Ripple 
carry adder (RCA), Carry increment adder (CIA), Carry skip 
adder (CSKA), modified Dual coupled LCG (MD-CLCG)

I.INTRODUCTION

Day by day securing the data in various IOT applications 
is becoming complicate and privacy over the internet is more 
sensitive. Transferring big data in million number of 
components connected over internet may lead to privacy 
issues [1] [2]. Pseudo Random Bit Generator is a key element 
used in IOT based applications for the security purpose. The 
main aim of this project is enhance the performance of the 
PRBG with the Dual Coupled LCG method or for the 
efficient PRBG. 

The Pseudorandom bit generator is a component used in 
IOT devices to manage user privacy. Because in today’s, 
internet safety is complicated in IOT applications and 
protecting data in the IOT based devices. The large bit size of 
PRBG VLSI architecture is difficult with the limitations like 
area, initial clock latency, randomness and power. If the 
PRBG fulfils fifteen of the statistical benchmark tests of 
National Institute of Standard and Technology (NIST) then it 
is called random. 

Pseudorandom bits can be generated using a number of 
different methods. Linear Feedback Shift Register, Linear  

Congruential Generator (LCG), Blum Blum Shub (BBS) 
Generator, Coupled Linear Congruential Generator (CLCG), 
and dual-coupled LCG are the different types of linear 
congruential generators. 

Linear feedback shift register (LFSR) is easiest 
methodology. The area and hardware complexity of LFSR is 
less. It fails to satisfy randomness tests because of its 
linearity structure. LFSRs are n-bit counters exhibiting 
pseudo random bits. LFSR can produce only 2n-1 sequences 
for n-bit linear feedback shift register [3]. Blum Blum Shub 
(BBS) generator is a pseudo random generator developed in 
1986 by Lenore Blum, Manuel Blum and Michael Shub. The 
hardware implementation is used to perform modulo of 
largest prime numbers and measures a particular prime 
number [4]-[7]. The initial clock intermission (input to first 
output) is 2n+5 clock cycles and output latency is 2n+5 
clocks [8] [9]. Coupled linear congruential generator is 
designed using two LCGs in parallel and combined with a 
comparator [10] [11]. CLCG is more secure than single LCG 
[10]. CLCG fails the NIST five tests as well as the Discrete 
Fourier Transform test. The CLCG DFT test, which 
comprises two inequality comparisons [12], shows that 
sequences have a periodic shape. Dual- CLCG generates 
pseudo random bits with initial clock latency of 2n+5 clocks 
later on it requires 2 clocks to generate the data. Dual-CLCG 
requires (2n-1) flip flops for n-bit pattern generation. Dual-
CLCG fails to achieve the NIST statistical randomness tests 
and to achieve maximum length of sequence [12]. 

In VLSI technology we have so many types of adder 
topologies. In that adder designs some basic adder topologies 
like ripple carry adder (RCA), carry skip adder (CSKA), 
carry increment adders (CIA) are going to be implemented 
instead of 3-operand modulo carry save adder. 

II. EXISTING MODIFIED DUAL-CLCG 
The PRBG method is designed to generate an efficient 

pseudo random bit patterns than the previous methods. The 
PRBG architecture is designed using dual- coupled LCGs, 
two n-bit comparators and XOR gate as represented in fig 1. 
So the block diagram of new PRBG method using LCG is 
simple compared to existing method [13]. 
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Abstract

The outbreak of the novel COVID-19 virus is

identified across all experimental scientific tests that

assist victims to fight against the pandemic

situation. The problem seems to have a large

number of scientific COVID-19 articles with

different risk factors. The quick identification of

documents allows the processing and

interpretation of inevitable essential knowledge for

investigators. This article provides a solution by

creating an unsupervised framework for the
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Abstract—Melanoma is one of the most deadly diseases in the 

world, and if not detected early enough, it can spread to other 

regions of the body. As a response, the medical industry has seen 

a significant advancement , with the introduction of automated 

diagnosis tools that may assist doctors and even laymen alike in 

determining the type of ailment they are dealing with. In this 

case, we're presenting a hybridized method for detecting 

melanoma skin cancer that could be applied to any worrisome 

lesion. An automated skin lesion classification approach is 

proposed in this study. A deep learning network that has been 

pre-trained and fine-tuned is used. The performance is then 

compared using various transfer learning methods. The 

performance is assessed using well-known quantitative criteria 

such as specificity, sensitivity, precision, and accuracy. 

Keywords-Convolution, Pooling, Deep Learning, Transfer 

Learning, Melanoma, Dermoscopy, Skin Cancer Classification. 

I. INTRODUCTION 

Melanoma is a cancer that affects melanocytes, which are 

the cells that produce the pigment melanin. Although most 

melanomas begin on the skin, they can also begin in any 

organ, including the eye, brain, and lymph nodes. If caught 

early enough, these melanomas can often be removed with 

minor surgery. Melanoma is more hazardous than other 

cancers because it has a greater predisposition for spreading to 

other regions of the body, resulting in significant illness and 

death. When the number of melanocytic nevi increases, the 

risk of melanoma rises. 

 

 
Figure 1a. Data set Classification. 

 

II. LITERATURE SURVEY 

Skin cancers are a serious condition that affects people all 

over the world. Early diagnosis of cancer in dermoscopy 

pictures boosts the survival percentage substantially. 

However, precise melanoma detection is difficult due to issues 

such as low differentiation between lesions and normal skin, 

visible similarities among cancerous and non-cancerous 

lesions, and so on. As a result, efficient automatic 

identification of skin cancers is extremely beneficial to 

pathologists' accuracy and efficiency. 

Yuexiang Li and Linlin Shen [2] split their study into three 

components: First, the abrasion segmentation, 

Second, abraision dermoscopic feature extraction, and 

finally, abrasion categorization. To provide the abrasion 

segmentation and rough classification results at same time, a 

deep learning network comprising (FCRN), a couple of fully 

convolutional residual networks is developed. 

Sara Hosseinzadeh Kassani and Peyman Hosseinzadeh 

Kassani [3] employed ResNet50 with data augmentation 

procedures to prevent the detrimental effects of class 

imbalances, and it outperformed several other models in their 

investigation. 

Region of interest dependant technique for the classifying 

the dermoscopic pictures of skin abrasions was described by 
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Abstract— A benign or malignant brain tumour is a development 
of cells within the brain or skull that is abnormal. A primary 
tumour is one that grows directly from the brain's tissue, while a 
secondary tumour is one that spreads from another part of the body 
to the brain (metastasis). Depending on the tumor's kind, size, and 
location, there are a variety of treatment options.. Radiologist use 
MRI (magnetic resonance images) to classify them. Due to the 
complexity of brain tumours and their qualities, a manual 
examination might be error-prone. To aid physicians throughout 
the globe, we've proposed a solution that uses Deep Learning 
Algorithms like ConvolutionNeural Networks and 
TransferLearning (TL). In this paper we have classified MRI  into 
four types (glioma, no tumor, meningioma, pituitary). We have 
trained our architecture using EfficientNet. From According to our 
findings, transfer learning works well when the dataset is limited. 
An accuracy of 99 percent is achieved by the suggested approach. 
 

Keywords-Convolution, Brain tumor · Transfer learning · 
EfficientNet · Convolution Neural Network · Magnetic resonance 
images · Deep Learning. 

I. INTRODUCTION 
    A Brain Tumor is a mass of abnormal cells in the brain that 
have accumulated. A brain's skull is so hard that any 
development inside its confines might be problematic. 
Because of the increased intracranial pressure caused by these 
tumours, brain damage and even death may result. A new cell 
replaces the old one when the old one dies of old age or is 
injured. This procedure may go awry from time to time. When 
the body doesn't require them, new cells develop, and injured 
or old cells don't die as they should.. Tumors are masses of 
tissue that develop as a result of an abnormal accumulation of 
cells. There are a variety of symptoms associated with brain 
tumours, depending on where they develop in the brain. Some 
of the most frequent symptoms are headaches, seizures, eye 
problems, vomiting, and mental 

abnormalities.

 
Figure 1. Data set Classification. 

 

II. LITERATURE SURVEY 

The brain is the most vital part of a person's body, hence it is 
critical to identify brain-related ailments at their earliest 
stages. Disease segmentation has been advocated by a wide 
range of experts using a variety of mechanical frameworks. 
Data from MRI brain scans as well as others have been used 
by several analyzers. 

Amit Thakur and Pawan Kumar Patnaik [5] suggested 
employing multiple transfer learning algorithms to classify 
and identify brain tumours in MRI images. Transfer learning 
approaches were evaluated and assessed in this study, and 
VGG16 was shown to be the most accurate. 

Transfer learning utilising CNN architecture for brain tumour 
classification and imaging has been suggested by Ameur 
Ikhlef, Amina Hameulaine, and Sabir Jacquir [6]. Pre-
trained neural networks were used in this research to improve 
their classification accuracy and training time. A limited 
number of training samples results in excellent performance, 
which saves time. 

Brain tumour segmentation and classification framework 
utilising deep learning techniques was developed by Sunitha 
M Kulkarni and Dr G Sudharani [7]. Gleoma and 
meningioma are again suggested as malignant tumours using 
this approach for detecting and classifying cancers MRI's. 
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Abstract—Deep learning is a sort of neural net-
work that has more processing layers than reg-
ular neural networks and can abstract and pre-
dict input at higher levels. It has swiftly estab-
lished itself as a leading machine learning tool
for image and computer vision applications. Deep
convolutional neural networks are also quite good
in automatically assessing photos, according to
current research trends. Using a huge collection
of colonoscopy and endoscopy images, this paper
presents an effective U-Net architecture based on
pretrained deep CNNs. We integrate U-Net archi-
tecture with data augmentation and patch extrac-
tion from colonoscopy images to detect polyps. The
U-Net model is trained and validated to detect
polyps in a set of colonoscopic and endoscopic
images. The system can achieve overall high polyp
detection precision and sensitivity using the sug-
gested U-Net framework and our tuned hyper-
parameters. After the U-Net model is trained and
validated, we evaluated mean Intersection Over
Union (IoU) score as 0.9897 and dice loss as 0.0523.
With the help of obtained evaluation metrics, the
IoU score and dice loss curves are plotted. Further-
more, the proposed U-Net architecture is scalable
and adaptable, allowing it to be readily upgraded
in the future to include other forms of disease

detection and to include more deep learning models
to improve its generalising capabilities.

Index Terms—Colorectal cancer,Polyps,CNN,
U-Net.

I. Introduction
Colorectal disease is one of the most common

malignant cancer and the second most common
reason for deaths due to cancer. [1]. Colorectal
cancer screening is beneficial for both early diag-
nosis and prevention, and it greatly decreases col-
orectal cancer fatalities [2], [3]. Colorectal cancer
usually starts as a polyp, which is essentially an
overgrowth from the surface of the colon which
undergoes a series of mutations and turns into
a malignant condition. Thus, one of the primary
goals of colonoscopy is the early detection of
polyps, which considerably improves a patient’s
prognosis. Colonoscopy is a procedure that ex-
amines the colon or tailbone. Via the anal cav-
ity, the tube will be inserted. A colonoscopy is
an adaptive and visual assessment of the colon
and rectum. It assists specialists with recognizing
anomalies in the gut, including indications of
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Abstract— This paper suggests a new approach for improving 
the accuracy of retinal OCT frames. This is referred to as the 
QIROCT (Quality Enhancement of Retinal Optical Coherence 
Tomography) procedure. Retinal optical coherence 
tomography (OCT) image is a layered structure. A mixture 
model, combination of multiple distributions, is used to represent 
retinal OCT image. A Gaussian-Mixture-Model (GMM), mixture 
of Gaussians, is proposed to represent the retinal OCT image as 
retina is a layered structure. Expectation maximization (EM) is 
an algorithm that fits the Gaussian mixture model (GMM). 
Gaussian components are obtained using the Expectation 
Maximization (EM) algorithm to match the Gaussian Mixture 
Model (GMM) to the retinal OCT results. Adaptive Gamma 
Correction with Weighting Distribution (AGCWD) is used to 
improve Gaussian components of the retinal OCT image. To 
understand the superiority of QIROCT method for OCT image 
processing, 30 healthy retinal OCT images are tested. The 
QIROCT approach is opposed to the contrast limited adaptive 
histogram equalization (CLAHE) method, and the difference 
between the two methods is visually and numerically illustrated. 
And segmentation is done for retinal OCT image using the 
QIROCT method and results are shown.

Keywords— Optical Coherence Tomography, Gaussian 
Mixture Model, Expectation Maximization. 

I. INTRODUCTION 

Today, advances in data capturing technologies and the 
availability of datasets of unbelievable scale in research fields 
have altered our interpretation of certain standard practices in 
the real world [1]. Information securing is just a part of the 
procedure and the primary task remains the detachment of 
valuable data from the wealth of caught information. 
Mathematical portrayal is into strategy for this circumstance. 
For instance, demonstrating the results of numerous imaging 
frameworks can be utilized as an essential centre of numerous 
image handling undertakings [9], [10].

In this paper, another strategy for Optical Coherence 
Tomography (OCT) [2], [3] images is presented. Many past 
studies concentrate on contrast improvement in OCT images 
since they are frequently uproarious and of low visual contrast 

level. Contrast improvement considered as an essential part to 
change visual quality for computer processing.  

A Gaussian mixture model (GMM) [7] is a linear mixture 
of several Gaussian distributions with various parameters such 
as mean, standard deviation, and weight coefficient that can be 
used to model any data distribution. The GMM is used to 
model an OCT image's probability density function [4]. After 
modelling with GMM, then the mixture components are 
enhanced with AGCWD. 

II. PRODEDURE 

Fig. 1. Block diagram of proposed method

Naturally, QIROCT method comprise of two main parts. 
The median filter is used to minimize any of the speckle noise 
seen in OCT objects. First part fits a mixture model to OCT 
image by updating statistical parameters with Expectation 
Maximization (EM) algorithm. Second part gets the Gaussian 
components using statistical parameters and enhances each 
Gaussian component using AGCWD method. Fig.1 shows the 
block diagram for the proposed work. 

A. Gaussian-Mixture-Model  

The aim is to suit a simple model for the OCT intensities x 
likelihood density function g(x). The retina is thought to be a 
layered network of many layers of neurons linked by 
neurotransmitters from retinal existence systems. As a result, 
the whole retinal OCT study may be equipped with a mixture 
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Robust and Imperceptible Region Based
Watermarking on Medical Images

K. Swaraja, K. Meenakshi, Padmavathi Kora, and G. Karuna

Abstract Telemedicine is the remote delivery of health care services to evaluate,
diagnose and treat patients using common technology, such as video conferencing
and smart phones, without the need for an in-person visit. There is likelihood in
altering the medical images purposely or unintentionally while transmitting over
covert channel. The Physician confirms the diagnosis region obtained from the
medical image as region of interest (ROI), prior to interpreting any report on evalua-
tion. Watermarking scheme for medical images exploring DCT domain is conferred
in this proposal. Fuzzy c algorithm is utilized in segmenting the assessment region
(ROI) and non-interest region (RONI), further the watermark is inserted through
modulation scheme termed as M-ary. The scheme efficacy is determined for MRI
medical images through simulation by computation of quality metrics such as PSNR
and NCC.

Keywords Medical image watermarking · Region of interest · Fuzzy c-means ·
M-ary modulation

1 Introduction

Internet is the most innovative improvement in the existing technology. In our exis-
tence, health care is the most significant application of internet to health concern
providers as Electronic Patient Record (EPR) is transferred to dissimilar organi-
zations. The watermarking schemes in the telemedicine area [1–3] entail extreme
caution while inserting extra data inside the medical images as the added data need
not distress the quality of the image. Therefore, to overcome the difficulty of memory
exploitation as well as to defend the medical details against illicit handling, water-
marking for medical images is employed. Thus in this work, a watermarking system
exploiting the M-ary modulation scheme is proposed. The image with medical details
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A Robust Watermarking Using RDWT
and Slant Transform Using Hybrid
Firefly and Differential Evolution
Optimization Algorithm

K. Meenakshi, K. Swaraja, Padmavathi Kora, and G. Karuna

Abstract In this work, an optimized watermarking framework is proposed with the
hybrid combination of two metaheuristic algorithms-firefly optimization and differ-
ential evolution, namely HFADE. The cover image is partitioned into 4 × 4 sub-
blocks, and the watermark is concealed in the slant domain using Quantized Index
Modulation (QIM). The optimized thresholds obtained with HFADE used in quanti-
zation to improve imperceptibility and robustness. Peak Signal to noise ratio(PSNR)
and Normalized Cross Correlation (NCC) are used for evaluation of the proposed
watermarking scheme. The fitness function for HFADE is taken as the reciprocal
of mean square error between the watermarked and cover image. Simulation out-
comes convey that the proposed scheme maintains improved imperceptibility, and
the watermark extracted from a seriously distorted image.

Keywords Differential evolution · Firefly · Slant transform · Quantization index
modulation

1 Introduction

The improvement of Internet and computer input-output devices has made the broad-
cast and alteration of digital content without difficulty. With the advanced editing
technologies, an edited copy appears similar to the original. So, the security of
ownership of digital content has become the utmost concern. Digital watermarking
[1–16] is evolved to protect the interests of owners from the copyright infringement.
The three trade-off parameters of watermarking scheme are transparency, robustness
and capacity. Further, it must not suffer from the false positive problems. Optimiza-
tion algorithms such as Fuzzy logic [17, 18], Genetic Algorithm [19], Differential
Evolution (DE) [1] are used to optimize the mutually conflicting parameters of
transparency and robustness.
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Abstract—In this work, Gray-Wolf optimization
(GWO) is applied to decrease the trade-off between
robustness and imperceptibility. Initially, the cover
image is applied with integer wavelet transform (IWT)
and later the whole image partitioned into 4×4 blocks.
After this, the Hadamard transform (HT) is applied for
obtaining transform coefficients. The first three pixel
intensities in the first rows of each 4×4 block HT coef-
ficients are quantized with the watermark coefficients.
These three-pixel intensities are randomized with a
vector, and the threshold parameters are obtained from
GWO. When these optimized parameters applied, and
the GWO algorithm improves the transparency. The
results show the proposed algorithm has high imper-
ceptibility and robust to attacks than existing works in
literature.

Index Terms—Integer wavelet transforms Hadamard
Transform, GWO, SSIM, NCC

I. Introduction
Digital watermarking technology [1][2] is proposed as

a remedy to prevent illegal and malicious copying and
distribution of digital media. In the last decade, many
multimedia watermarking algorithms have been proposed
to protect the copyright of multimedia objects such
as digital images, audio, and video clips. However, as
the amount of digital multimedia production increases
exponentially, the need for better and more advanced
techniques for watermarking multimedia digital objects
increases as well.
The twin prime requirements of any watermarking
scheme are imperceptibility, and robustness[3].The
watermarking technique conceals data into a cover image
by incorporating invisible changes to the human eye
but recoverable by a computer program. Robustness
in watermarking scheme determines the amount of
amendments to the stego medium can withstand before
an adversary can destroy confidential information.

Watermarking can be carried in two domains, such
as spatial and transform domain. Spatial domain
watermarking [4],[5],[6] incorporate the watermark in the
pixel coefficients of the image such as Least significant bits,
3d meshes or histograms. Transform based watermarking
scheme incorporate the watermark in coefficients of
transform such as Slant [7], DWT [8],[9], RDWT
[10],[11],[12], Walsh-Hadamard transform [13],[14],[15],
curvelet transform[16] and matrix factorization
techniques [17]. If we improve the imperceptibility
in the watermarking scheme, the robustness against
attacks decreases. Contrary to it, if the robustness against
attacks in watermarking improves, the imperceptibility
suffer. To bring equilibrium between the imperceptibility
and robustness optimization algorithms are used such
as genetic algorithm [15], particle swarm optimisation
(PSO) [18], Firefly algorithm [4], [19] and fuzzy logic
[18],[20], [21],[22]. Ref.[23] developed a watermarking
scheme based on DWT and SVD. The authors prevented
the false positive problem by inserting watermarking in
principle components of SVD. The algorithm is made
robust to the geometrical attacks by employing SURF
features.The scaling factors are optimized by Artificial
Bee colony optimization. Existing literature prove that
optimization algorithms can enhance the efficiency of the
image watermarking method.
The contribution of the paper is

• The perfectly reconstructable IWT algorithm com-
bines the Hadamard algorithm to obtain highly im-
perceptible and robust watermarking colour images.

• The optimized parameters for each block is obtained
by the GWO algorithm and not taken manually.

• The algorithm is blind and does not require the cover
image.

Recently, a novel bio-inspired algorithm inspired by Gray-
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Abstract—In this paper, firefly optimization is ap-
plied to balance robustness and imperceptibility in
image watermarking. First of all, the original image is
partitioned into 4×4 blocks, and later Redundant Dis-
crete Wavelet Transform (RDWT) and Schur applied
for obtaining transform coefficients. The highly corre-
lated pixels in the first column are collected from each
4× 4 block and are amended by blindly concealing the
watermark using quantization index modulation. These
quantized values are amended with the randomized
matrix and quantization factor randomly selected from
the firefly algorithm to obtain the best performance in
terms of robustness without compromising the qual-
ity of the image. Experimental results show that the
proposed scheme maintains improved imperceptibility,
and the watermark can still extract from a seriously
distorted image.

Index Terms—RDWT, Schur, PSNR, Firefly algo-
rithm, NC

I. Introduction

The improvement of the Internet, digitization of
consumer electronics, and sophisticated image editors
has resulted in the broadcast and editing of multimedia
contents much more sophisticated than earlier. With this
technology, it is possible to reproduce a replica of the
original violating copyrights of owners [1], [2]. Therefore,
the security of ownership of digital content has become
the utmost concern. Digital watermarking proven to
be a viable solution to protect the interests of original
recipients of multimedia documents. The four essential
concerns in watermarking are imperceptibility, robustness,
security, and capacity. Robustness refers to the ability
to watermark to withstand all possible distortion when
watermarked multimedia passed through the insecure

channel. Imperceptibility of watermarking scheme requires
the watermarked image should be perceptibly similar to
the original image. A watermarking scheme is meaningful
only when it devoid of a false-positive problem. A
satisfactory watermarking scheme should provide rightful
ownership. Based on the domain in which the watermark
concealed, watermarking techniques are classified
into two types: pixel domain and transform domain.
The pixel domain techniques are based on the Least
significant bit technique [3], difference expansion [4] and
histogram shifting [4]. Watermarking in frequency domain
transforms the image from pixel to transform domain
before concealing the watermark. Transforms such as
Discrete Fourier Transform (DFT) [5], [6], Discrete Cosine
Transform (DCT) [7]–[9], conjugate symmetric sequence
Hadamard transform [10], Walsh Hadamard transform
[11]–[13], Wavelet transform [14]–[16], Redundant discrete
wavelet transform [17]–[19] and contourlet transform
[20]. Applications of soft computing tools such as Fuzzy
logic [21]–[23] and optimization algorithms [24] further
improve robustness. The robustness is further enhanced
by using multiple watermark strength factors rather
than a single watermark strength factor [25]. The
extraction of the optimal set of watermark strength
factors is an NP-complete problem. Snehalatha and
Maloo [26] proposed a Digital watermarking employing
two transforms, DWT and SVD. Later, the authors
utilized the modified whale optimization algorithm
(MWOA) to derive multiple strength factors. The authors
exploited the good characteristics of MWOA, such as
a few parameters and low computational cost [26]. The
drawback of the algorithm of the watermarking scheme is
suffered from the false positive problem. Prabha and Sam
[11] proposed watermarking employing Walsh Hadamard
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Abstract—In cognitive radio, spectrum sensing in non
Gaussian channel is a challenging task. In addition to non
Gaussian noise channel, wideband sensing demands compu-
tational complex signal processing algorithm for spectrum
sensing. Compressive sensing (CS) has emerged as one of
the promising signal processing techniques for spectrum
sensing. In CS-based sensing, the sensing is performed on
the reconstructed signal that adds extra computational over-
head. To mitigate the computational overhead, we present
a non-reconstruction-based spectrum sensing technique that
uses the energy of the discrete wavelet transform (DWT)
coefficients of the compressed measurements in non Gaussian
channel, as test statistics. We compare the performance of the
proposed algorithm with the conventional energy detection
against both non-Gaussian and Gaussian noise. Numerical
simulation is carried out using a 5G Universal-Filtered Multi-
Carrier (UFMC) signal. The simulation results demonstrate
that the DWT-based sensing achieves nearly -8 dB and -
8.5 dB SNR-wall against non-Gaussian and Gaussian noise,
respectively. In contrast, the compressed DWT achieves -4.5
dB SNR-wall at a much lower computational complexity than
conventional techniques.

Index Terms—Compressed sensing (CS), Discrete Wavelet
Transform (DWT), Energy detection (ED), Non-Gaussian
noise.

I. INTRODUCTION

Cognitive radio (CR) technology offers a promising
solution to mitigate the spectrum scarcity problem exploit-
ing the principle of opportunistic spectrum access [1]. In
CR, spectrum sensing is an important stage that identifies
the spectrum holes/vacant spectrum bands for cognitive
radio /secondary users (SU) communication. The primary
objective of spectrum sensing is to detect the low signal-to-
noise ratio (SNR) signal without interfering with primary
users (PU) [2]. Most of the literature analyses the sensing
method assuming that the received signal at each SU is
corrupted with Gaussian noise. However, the channel may
also have non-Gaussian noise in real-time due to the dif-
ferent environmental effects. Hence, the development of a
sensing algorithm that can mitigate both Gaussian and non

Gaussian noise is of growing interest. The second critical
aspect of CR is that each SU is equipped with battery-
operated embedded processors that demands a simple and
robust spectrum sensing technique.

Wide-band spectrum sensing using conventional Nyquist
rate sampling requires computational complex algorithms
for sensing. Recently, compressive sensing has been used
for spectrum sensing by acquiring the received signal
using sub-Nyquist rate [3]. It involves (i) acquisition of
compressed samples, (ii) reconstruction of the original
signal from compressed measurements, and (iii) spectrum
sensing using the reconstructed signal [4]. The faithful
reconstruction of the signal depends on the efficiency of
the reconstruction algorithm. Thus, most of the litera-
ture focuses on the impact of the different reconstruction
algorithms on sensing. However, it is not necessary to
reconstruct the complete PU signal for spectrum sensing
[5] [6]. Therefore, we present a computationally simple
spectrum sensing algorithm using a non-reconstruction-
based CS technique.

In literature, different spectrum sensing techniques like
energy, matched filter, cyclo-stationary are used to decide
the presence of a PU signal in the channel [7]. Energy
detection (ED) technique is widely used in real-time test-
bed [8]. Although it is a computationally simple algorithm,
its accuracy i.e., threshold depends on the accuracy of
estimated noise power. Any error in the estimation of
noise power degrades the sensing performance. Moreover,
it works better for Gaussian noise environment. However,
the use of Discrete Wavelet Transform can mitigate the
effect of impulsive non Gaussian noise to enhance the
detection probability. In the proposed work, we evaluate
the DWT of the compressed measurements corrupted with
non Gaussian and Gaussian noise. Further, we find the
energy of the approximate coefficients as the test statistics
for spectrum sensing.

The contributions of the current work are
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Abstract. Large scale Neural Network (NN) accelerators typically have multiple processing nodes that 

can be implemented as a multi-core chip, and can be organized on a network of chips (noise) 

corresponding to neurons with heavy traffic.  Portions of several NoC-based NN chip-to-chip 
interconnect networks are linked to further enhance overall nerve amplification capacity.  Large volumes 

of multicast on-chip or cross-chip can further complicate the construction of a cross-link network and 

create a NN barrier of device capacity and resources. In this paper, this refer to inter-chip and inter-chip 

communication strategies known as neuron connection for NN accelerators. Interconnect for powerful 

fault-tolerant routing system neural NoC is implemented in this paper. This recommends crossbar 

arbitration placement, virtual interrupts, and path-based parallelization strategies in terms of intra-chip 
communications for the virtual channel routing resulting in higher NoC output at lower hardware costs. A 

lightweight NoC compatible chip-to-chip interconnection scheme is proposed regarding  to inter-chip 

communication for multicast-based data traffic to enable efficient interconnection for NoC-based NN 

chips. Moreover, the proposed methods will be tested with four Field Programmable Gate Arrays 

(FPGAs) on four hard-wired deep neural network (DNN) chips. From the experimental results it can be 

illustrate that a high throguput can obtained effectively by the proposed interconnection network in 
handling thedata traffic and low DNN through advanced links. 

Keywords: Network-On-chip (NoC), Deep Neural Network (DNN), Interconnection Architecture,  Chip-

to-chip interconnection, Hardware Accelerator,  

 

1.   Introduction 

Technology can combine more and more logic circuits into a single chip. Therefore, the chips 

characters became more powerful. Processing units are integrated within a sigle chip which work with 

different clock frequencies [1] [2]. Traditionally, processing units have to interconnect the various 
sections of the SoC using bus structures.However, bus system on chip (SoC)s are key connectivity 

schemes because their scalability is too low [1].  Network on a chip has been suggested as a possible 

candidate for reduced scalability and poor connectivity efficiency issues presented in the previous 
SoC.  Network connectivity is used by the NoC as a subtitut of bus systems to provide Globally 

Asynchronous and Locally Synchronous data transfer (GALS); that ensures that NoCs have increased 

the reliability of network connectivity and power usage by  on-chip logic and device complexity [2]. 

The continuous increase in the size and complexity of the NoC interconnect infrastructure 

presents major challenges to the time-tested initiative of the architecture [3]. Chips up to 100 cores 

today rely on a wide range of NoC connectivity. In addition, active interconnecting architectures are 

being implemented to provide better efficiency and power utilization. This increasing maturity is 

obvious when one explores the growing concerts of features integrated into the router architecture, 

including complex arbitration processes, speculation as well as adaptive routing [4]. 
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Abstract—Cyclic Redundancy Check (CRC) technique can 
be widely used in data communication and storage devices in 
order to detect the sudden errors present in the data. The main 
motivation of this research was to detect the sudden, random or 
burst errors present in the transmission channels. This 
technique was very simple and easy to implement. It can be 
useful for the burst error detection and also to find the 
sequences of incorrect data present in the message signals. This 
technique was also good at detection of errors which were 
caused by the noise present in the transmission channels. The 
Conventional CRC Encoder and Decoder for 3 bits (101) and 4 
bits (1100) was presented here.The proposed CRC Encoder and 
CRC Decoder were performed by using the binary division 
process and xor gate. Here, the generator or CRC polynomial 
or divisor was taken as . It can be written as 
100000111 which can be referred to 9 bits of polynomial. This 
polynomial was kept as constant in the whole binary division 
process for all random data bits. The novelty of this proposed 
work was the implementation of both CRC Encoder and CRC 
Decoder for input random bits such as 5 bits (10101), 8 bits 
(11000011) and 10 bits (1100110011). The CRC Encoder, 
Decoder and Test Bench for all these random data bits were 
simulated, compared and verified by using Verilog coding in 
Xilinx ISE 14.7 tool. This proposed CRC technique was 
implemented in Data Recovery application. This technique can 
be extended to various increased data bit sizes and different 
generator polynomial expressions as a future scope of this 
research. In this work, the simulation results were limited up to 
5,8 and 10 random data bits. 

 
Keywords— Cyclic Redundancy Check (CRC) , CRC 
Encoder, CRC Decoder, Burst or random errors, Xilinx ISE, 
Verilog coding, Data Recovery, CRC or generator polynomial, 
binary division, xor gate, RTL Schematic. 

I. INTRODUCTION 

As there is a very high demand for increased 
functionality, low power, transistor width, length values and 
supply voltages, CMOS technology is scaling down. So, 
this led to a huge scope for memory applications. The 
demand for the functionality of a chip has caused an 
increase in the memory applications. 

The main motivation of this research is to detect sudden, 
random or burst errors present in the transmission channels 
and also this technique is very simple, easy to implement. 

The main objective of this research work is the 
implementation of Cyclic Redundancy Check (CRC) 
technique for random bits that is 5 bits (10101), 8 bits 
(11000011) and 10 bits (1100110011) and its application in 
Data Recovery by using Verilog coding in Xilinx ISE 14.7 
tool. 

The novelty of this work is the implementation of CRC 
technique that is CRC Encoder and CRC Decoder for 
random input data bits that is 5 bits (10101), 8 bits 
(11000011) and 10 bits (1100110011). The proposed CRC 
Encoder, Decoder and Test Bench for all these random data 
bits are simulated, compared and verified using Verilog 
coding in Xilinx ISE 14.7 tool. This is also implemented in 
the Data Recovery Application. 

II. LITERATURE REVIEW 

The CRC technique based on shift registers was proposed 
in [1] for parallel operation which can be used for high-speed 
applications. The parallel pipelining technique was used in 
[2] for the implementation of proposed CRC Encoder and 
Decoder systems in order to achieve higher throughput with 
less area. In [3] a unique architecture for CRC computation 
was proposed which can be used in high speed data 
communication. The CRC 32 method based on look up 
tables and slicing algorithm was explained in [4] which had 
lesser power and area. An efficient CRC-Eight Encoder and 
Decoder circuits were proposed and implemented in [5]. In 
[6] the state space transformation technique was proposed in 
order to reduce the circuit complexity. The errors present in 
the code word were detected in [7] by using CRC technique. 
By using simulation framework, several case studies were 
simulated in [8] in order to find the false positives present in 
the communication networks. In [9] the signal processing 
algorithms like pipelining and unfolding were used for the 
controller unit in both CRC encoder and decoder sections so 
that high-speed parallel circuitry can be obtained. The 
proposed scheme in [10] has improved area and decreased 
XOR stage when compared with the existing one. In [11] a 
novel algorithm was suggested in order to combine three 
CRC circuits into single unit so that the total area will be 
minimised in the system. In [12] CRC technique was used in 
data communication and storage devices for the detection of 
sudden changes present in the raw data. The CRC encoding 
and decoding processes was proposed in [13]. The 
application of CRC in radio frequency identification protocol 
was analysed in [14]. Few transforms in CRC such as 
multiplication, shift and complement were studied in [15]. 

M. M. Arifin, M. T. Hasan, M. T. Islam, M. A. Hasan 
and H. S. Mondal presented a technique called CRC which 
was used for the detection of errors present in the digital 
data. The CRC technique was simple to execute and it was 
fully performance oriented in identifying the deviations 
present in the channel. The implementation of CRC depends 
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Abstract—Approximate computing is an emerging paradigm
to achieve substantial improvement in the area, speed, and
power in image processing applications where exact compu-
tation is not required. This paper proposes new approximate
unsigned multiplier architectures which aim to reduce the power
consumption and area with better accuracy. For the 8-bit
multiplier scheme, experimental results show an improvement
of 41.4% and 34.02% in power and area respectively, when
the proposed design is compared against the exact design, and
22.88% and 26.72% respectively when compared against other
approximate designs, without compromising on the accuracy.

Index Terms—Approximate computing, approximate multi-
plier, partial product reduction, compressor.

I. INTRODUCTION

Image and video processing applications requires huge
power and has high latency to process the input image and
video sequences [1]. Approximate computing is one of the
emerging areas which is gaining a huge popularity because
of its ability to reduce the area and power in digital systems
[2]. The motivation behind approximate computing is that
most of the image processing applications can tolerate error
up to a specific limit.

Multiplication is the major power hungry module in the
most of the image and video processing applications[3]-[6].
Multiplier is generally implemented in three steps (i) par-
tial product generation (PPG), (ii) partial product reduction
(PPR), and (iii) final accumulation. Since image and video
processing applications are inherently error resilient, various
approximate multipliers are proposed [9]- [14] to get the
hardware savings.

In this paper, a new unsigned approximate multiplier is
proposed to reduce the circuit complexity. The highlights of
this work can be summarized as follows:

• A new PPR structure with an intent to reduce the
computational complexity in approximate multiplier.

• Exhaustive hardware and error analysis has been carried
out on the proposed and existing designs.

• The proposed and existing designs are implemented on
image processing applications to validate the quality-
effort trade-off.

II. RELATED WORK

Generally, in multipliers approximation carried in partial
product generation or partial products reduction stage. Vari-
ous design have been proposed in the literature. Saeed et al.
[7] implemented the higher order multipliers using two 4*4
sub multipliers. These sub multipliers are implemented using
AND-OR encoding of partial products and used probability-
based approximate 4-2 compressors for accumulation. Ha-
roon et al. [8] proposed a recursive multiplier using 4*4
building blocks. High-performance approximate half and full
adder cells are proposed for use in a 4×4 multiplier, which
in turn are used for designing larger multipliers.

Partial product reduction is generally accomplished using
a tree of compressors and approximating them result in
hardware saving without significant loss in accuracy. Authors
in [9] presented two approximate 4:2 compressors to reduce
area consumption and power dissipation; but, they suffer
from accuracy. Work in [10] implemented three approxi-
mate compressors for designing three different multiplier
architectures; however, they have higher power dissipation.
Minho [11] improved one of the Yang’s compressor and
incorporated an error correction circuit in the partial product
reduction structure to improve accuracy without a significant
increase in hardware. However, the improvement achieved
by Minho is not substantial. Two different types of multiplier
designs using approximate arithmetic modules were proposed
by Venkatachalam [12], with an intend to improve speed
and power consumption, but these designs suffer from low
accuracy. Another variant of compressor-based multiplier
of high accuracy was proposed by Xilin [13]. To improve
hardware metrics such as area and power. Haoran et al.
in [14] presented four different multiplier designs using
three approximate compressors along with an error-correcting
module but they suffer from delay.

III. PROPOSED WORK

In this work, we proposed two new approximate multiplier
using a novel approach that aimed to minimize error rate,
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Abstract— The increasing population across the world 

globally increases the number of vehicles at an enormous rate. 

Detecting mechanical failures are one of the major issues to be 

resolved in the smart transportation. In addition to this, 

assisting the travel direction to save fuel and congestion is 

more important in improving the smart transportation to the 

next level. As the advanced technologies are shaping the 

modern world in an efficient and effective way. IoT and Block 

chain plays a vital role in offering the solution for smart 

transportation and automobile sector. The goal of this paper is 

to propose a smart automated automotive rescue and service 

giving system for highways using IoT and Block chain. This 

system also comprises of intelligent vehicle deviation module to 

assist in reducing traffic delays and thereby saving time and 

fuel consumption. As an extension of this paper, it intends to 

extend the work and demonstrate suitable results with an 

appropriate case study. 

Keywords—Automated rescue, IoT, Block chain, smart 

transportation, vehicle deviation, traffic delays, re-routing, data 

analytics. 

I. INTRODUCTION  

Internet of Things (IoT) has paved its path in connecting 
and communicating people with sensors and devices. This 
not only connects devices, moreover IoT assists in 
connecting smart buildings, smart infrastructure, smart cars, 
smart cities, etc. IoT has the capability to interconnect 
devices with any of the smart systems, which can also collect 
and organize the data with the hand of big data analytics. IoT 
and data analytics can integrated to develop an energy 
efficient framework for the smart transportation and 
automobile industry. On the other hand, block chain is 
growing tremendously at an extensible rate. It’s a kind of 
distributed database which has the capability of holding the 
digital files with encrypted transactions in the forms of 
blocks, those are scattered across a peer network of 
machines. Block chain has shown its remarkable feature in 
holding the transactions in a transparent and organized 
manner, where decentralization or no third party shall be 
involved. Block chain was first created as a distributed 
ledger for the Bitcoin system in order to overcome the 

cryptocurrency's double-spending challenge [2,13 and 20].  
The integration of IoT and Block chain results in a secured 
and trusted connection, this is most important in automobile 
and smart transportation [3]. The building blocks of IoT are 
shown in Fig.1. 

 

Fig. 1. Building Blocks of IoT 

II. RELATED WORK 

 
The current period is extremely fast-paced, 

necessitating the use of quick equipment and machinery to 
keep up. Automobile is one the main machine for travelling, 
luggage transfer and constructions. These heavy fuel based 
machines are now one of the most seen things on the earth. 
People are using them every day for saving the time and 
money but unfortunately these machine can do the opposite 
work for which they are made. If there are any problem with 
the vehicle it can stuck you in anywhere middle of the 
road/highway and that will be more time consuming as well 
as more expensive too for getting the help. As the working 
areas are expending day by day the use of automobiles are 
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Abstract— Leakage power reduction is an important 
metric to consider as technology progresses. A Binary CAM is 
introduced in this paper, which reduces leakage power caused 
by an increase in substrate bias in a transistor. This proposed 
design was tested in the virtuoso simulator using 45nm, 90nm, 
and 180nm tools. Investigation of the results show that the 
Binary CAM is reducing the dynamic power by 29.11%, 
38.64%, 56.9% for matched condition and 34.78%, 41.51%, 
75.48% for mis-matched condition in 45nm, 90nm and 180nm 
tools respectively. All these outcomes are compared with 
conventional Binary CAM and Binary CAM [25]. 
 
Keywords— Substrate Bias Voltage, SRAM, CAM, Dynamic 
Power, Leakage power. 

 
INTRODUCTION 

A Memory is used in all electronic systems to store data. 
Memories types are Read Only Memory (ROM), Random 
Access Memory (RAM) and Content Addressable memory 
(CAM). Each word  stored in the memory is compared with 
searched input data using Content Addressable memory 
(CAM), and it returns the address location of matching data. 
CAM gives a quick data search in only one clock cycle by 
comparing the search data with all of the stored data. CAM is 
a very elegant solution for more applications requiring fast 
searching functions, like network routers, look-up tables, and 
compression of data [1]. CAMs can execute a parallel search 
operation across several data systems. This parallel multip le 
data search makes CAM as a necessary component for high-
associability caches, translation look-aside buffers [2], and 
register-renaming [3]. Lookup tables are also the main part 
of IP router tables and therefore CAMs are the key 
component of many router chips [4] [5]. Conventional CAM 
architecture is shown in Fig.1, consists memory cells, 
register for search, match circuit for checking the data, and 
an encoder for address. The CAM is designed using NAND 
and NOR CAMs. Types of CAM’s are Binary CAM and 
Ternary CAM. The BCAM stores “0” or “1” ,and multip le 

searches are done by TCAM cell because it stores only “0,” 
“1,” or “X” [6].  

Search data is stored in Match line and this data is 
compared with the stored data in CAM. A  large amount of 
the power dissipated in CAM is produced by the Search 
Lines and Match Lines. In order to decrease the power 
spending of the CAMs, a variety of circuit techniques have 
been proposed. Less power dissipates in MLs for NAND 
CAM but it is less speedy [7]. More power d issipates in 
MLs for NOR CAM but it is fast, since all MLs are 
discharged through parallel transistors [8]. Power 
consumption is reduced by the NOR CAMs [9]– [20] and 

the searching speed improved by NAND CAMs [21]– [24].  
Several techniques are proposed to reduce power 
consumption in the Matched Lines [8]– [24]. Main ly of 
them are based on the high-speed NOR CAMs [9]–[20]. A 
few techniques decreased the ML power by giving less 
power to mis matched MLs [10]– [13] or by reducing the 
voltage swing of the MLs using a sharing charge ML 
scheme [14] [15]. Further circu it designs reduced the 
activated MLs by employing a pre -computation method [16] 
or a pipelined hierarchical search scheme [17]. Though, they 
require added circuits for the pipeline registers. Without 
using extra registers the activated Matched Lines are 
reduced in pulsed NAND type –NOR type match-line 
scheme [18]. A few designs are based on low-power NAND 
CAM [21]– [24] and a fast searching speed is improved by 
the tree AND-type ML design [24]. 

 
Fig.1.  Architecture of Conventional CAM  

To decrease the power consumption of Search Line 
(SL) numerous techniques have been proposed [17]–[19], 
[22]–[24].  Less number of sub-SLs is selected in the 
pipelined hierarchical search scheme [17]. This method 
increases area and latency because of stages connected in 
pipeline. Reducing the SL length and organizing the stored 
data value with “X” is achieved in segmented SL method 

[19] [22] [23]. One disadvantage of this method is 
complexity  for the stored data while updating.  By recycling 
the charge on the SLs reduced the SL power [18] [24]. A 
low-power BCAM is implemented [25] and it can be used 
for lower technologies to decrease the power consumption.  

In this paper, a less leakage power Binary Content 
Addressable Memory using 7T SRAM cell as a memory 
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Abstract: In this digital era, the usage of 
technology has increased rapidly and led to the 
deployment of more innovative technologies for 
storing and transferring the generated data. The 
most important aspect of the emerging 
communication technologies is to ensure the safety 
and security of the generated huge amount of 
data. Hence, cryptography is considered as a 
pathway that can securely transfer and save the 
data.  Cryptography comprises of ciphers that act 
like an algorithm, where the data is encrypted at 
the source and decrypted at the destination. This 
paper comprises of two ciphers namely PRESENT 
and AES ciphers. In the real-time applications, 
AES is no more relevant especially for segmenting 
the organizations that leverage RFID, Sensors and 
IoT devices. In order to overcome the strategic 
issues faced by these organization, PRESENT 
ciphers work appropriately with its super 
lightweight block figure, which has the equivalent 
significance to both security and equipment 
arrangements.  This paper compares the AES 
(Advance encryption standard) symmetric block 
cipher with PRESENT symmetric block cipher to 
leverage in the industries mentioned earlier, 
where the huge consumption of resources becomes 
a significant factor. For the comparison of 
different ciphers, the results of area, timing 
analysis and the waveforms are taken into 
consideration. 

KEYWORDS: PRESENT block cipher, AES 
cipher, Ultra-light weight, Area, Timing, 
Cryptography, IoT. 

I. INTRODUCTION 

Due to the existing plethora of devices and 
technologies to communicate with each other. The 
smart technologies like Interne of Things [IoT] at a 
rapid pace [1]. With respect to the data generated 
during communication, several security issues 

leading to data that result in wrong hands are 
analyzed. With the increase in use of IoT today it 
has become even more imperative to make sure that 
this technology addresses the emerging security 
concerns. Other factors like trust, privacy along 
security are influencing the outlook of IoT and 
further it will result in higher adoption of IoT 
across industries. One of the major concerns to be 
considered here is , it should handle data from ultra-
data sensitive segments like finance, military and 
healthcare, etc. and it requires large amount of 
computational work in the vast number of 
computing devices  and finally it becomes more 
prone to the physical attacks. Hence, in building 
solutions for the IoT space it is required to take 
these restrictions into consideration for proposing a 
better design. Accordingly, a portion of the gadgets 
in IoT is furnished with small sized Boards and 
oscillators with moderate movement, low end 
miniature regulators. For example, Sensor nodes in 
an organization of wireless sensors and also few of 
the software friendly light weight primitives can 
also be selected. Adding to this, all the IoT devices 
leverage power sources in limited levels, due to 
which it can determine dependencies on energy 
harvesting, [6] novel transmission, [2] and 
optimization techniques [7]. Cryptography secures 
and protects data in the likes of messages, 
documents, verbal and nonverbal communications, 
etc. It becomes very challenging to provide 
constrained environments for generating 
cryptographic solutions . As stated below, in [8] the 
power utilization, speed, cost and, area should be 
adjusted to multiple factors. Hence for IoT, the 
hardware based security is the right way to proceed 
further [1]. A quality breakthrough in the design 
along with optimization techniques remain more 
important in the future proposed security models 
and architectures. It further strengthens the premise 
that a Hardware based cryptography will be more 
secured and trustworthy over the Software based 
models. Many researchers have come up with 
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a b s t r a c t

Our face is amongst the most significant body organs. It is critical in determining a person’s emotions and
feelings. With the use of certain traits discernible on the face, the emotion of an individual can be approx-
imated to a certain degree of precision. With new technology advances, recognizable features of the face
can be retrieved as inputs utilizing a webcam. The gathered data helps in determining the mood and
songs are played from a customized playlist. This eliminates that time-consuming procedure of physi-
cally selecting music or modifying playlists and allowed for the creation of an appropriate playlist depen-
dent on the person’s emotional level or mood. We will look at a variety of algorithms to come up with an
automatic playlist generating methodology that uses emotion recognition to suggest songs. The facial
expression-driven music player is set up in a way that allows you to listen to music based on your facial
expression. In this work FER-2013, dataset and CNN algorithm are used for emotion recognition.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Innovative Technology for Sustainable Development.

1. Introduction

Human emotions can be mainly categorized as happiness,
anger, surprise, fear, disgust, sad and neutral. The other emotions
including contempt (which is a variation of disgust) and cheerful-
ness (which is a variation of happiness) can be categorized under
this umbrella of emotions. Facial muscle contortions are minimum,
and determining these variations can be difficult as even a small
variation results in different expressions. Also, expressions of dif-
ferent or even the same people might change for the same emo-
tion, as emotions are hugely situation-dependent. Face
expression identification is a technique for identifying essential
human emotions. The facial expressions transmit important emo-
tional information. Programs and systems that focus on the inter-
play of images may play a key part in the next generation of
computer systems. Robotics, medicine, driving assist systems,
and lie detector defense can all benefit from face expression recog-
nition. The goal of the study is to recognize humans’ emotions

through facial expressions. Through the web camera (which cap-
tures the person’s image) connection available in computing sys-
tems, a music player is meant to capture a human feeling. The
software recognizes the user’s image and then extracts character-
istics from the face of the target human being using image segmen-
tation and image processing techniques to determine the emotions
that the person is attempting to express. The project’s goal is to
brighten the user’s mood by playing songs from a specifically
developed music player that fulfills the user’s criteria by identify-
ing the user’s image.(See Figs. 1-5)

2. Literature survey

A paper was published by Renuka R Londhe et al. The mecha-
nism for efficient facial expression analysis and classification is
presented in this research. These tactical metrics entropy skewness
and ptosis are used to do expression analysis. Different photos are
used to extract features. The two-layer feedforward neural net-
work is used to classify these features. The scaled conjugate
gradient backpropagation algorithm is used to train this neural
network. With 92.2% classification accuracy, Anger, disgust, fear,
happiness, sadness, and surprise are six basic expressions that
are recognized [1].

https://doi.org/10.1016/j.matpr.2022.03.131
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Selection and peer-review under responsibility of the scientific committee of the International Conference on Innovative Technology for Sustainable Development.

⇑ Corresponding author.
E-mail addresses: sksunny8224@gmail.com (S.k. Sana), g.sruthi2018@gmail.com

(G. Sruthi), snaik4698@gmail.com (D. Suresh), gandla.rajeshraja@gmail.com
(G. Rajesh), gvsreddy2005@gmail.com (G.V. Subba Reddy).

Materials Today: Proceedings xxx (xxxx) xxx

Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr

Please cite this article as: S.k. Sana, G. Sruthi, D. Suresh et al., Facial emotion recognition based music system using convolutional neural networks, Materi-
als Today: Proceedings, https://doi.org/10.1016/j.matpr.2022.03.131

https://doi.org/10.1016/j.matpr.2022.03.131
mailto:sksunny8224@gmail.com
mailto:g.sruthi2018@gmail.com
mailto:snaik4698@gmail.com
mailto:gandla.rajeshraja@gmail.com
mailto:gvsreddy2005@gmail.com
https://doi.org/10.1016/j.matpr.2022.03.131
http://www.sciencedirect.com/science/journal/22147853
http://www.elsevier.com/locate/matpr
https://doi.org/10.1016/j.matpr.2022.03.131


A Comprehensive Study on Automatic Speaker 
Recognition by using Deep Learning Techniques 

1Venkata Subba Reddy Gade, Research Scholar, Dept. of ECE, Sathyabama Institute of Science and Technology, 
Chennai, India. E-mail: gvsreddy2005@gmail.com 

2M.Sumathi, Dept. of ECE, Sathyabama Institute of Science and Technology, Chennai, India.                                  
E-mail: sumagopi206@gmail.com 

 

Abstract:    

          In Speaker, identifying or recognizing human voices is a 
challenging task. Recently, the automatic speaker recognition 
technique has been developed by using deep learning techniques. 
However, there is a lot of wide-ranging reviews on the 
implementation of deep learning techniques. The authors of this 
work examine numerous main subtasks of automatic speaker 
recognition, such as speaker verification and identification, 
focusing on deep learning-based solutions. This article offers the 
groundwork for establishing effective voice recognition, 
automatic speaker recognition planning, and accurate 
quantitative voice recognition evaluation using deep learning 
classifiers. Finally, the authors have analyzed robust speaker 
recognition with two primary techniques like domain mismatch 
and noise difficulties, for speech improvement and domain 
adaption. 

 
Keywords: Convolution Neural Network, Deep Neural 
Network, Noise, Information, Speaker Recognition, Speech, 
Classifiers. 

Introduction 
 The mode of communication for humans is speech and 
the identity of person can be identified from speech without 
seeing the face. The speech recognition is the method used for 
automatically identifying the person by using distinctive 
biological characteristics [1]. In speaker recognition, the main 
aim is to condense the details into the representation level of 
single utterance. Obtaining the representation level of good 
utterance has become necessary for speech and that is considered 
from unconstrained and noisy conditions, where the unwanted 
information present in speech signals need to be filtered [2]. The 
speaker recognition is divided into two sub fields such as 
speaker identification and speaker verification [3]. In speaker 
identification, the speaker tries to identify the voice of unknown 
person’s among the voice of the group of persons. In speaker 
verification, the verified voice of the speaker and the claimed 
person’s voice are compared through threshold which concludes 

the system with decision of accept or reject [4]. The speakers are 
identified in two different approaches such as text dependent and 
text independent. In the system of text dependent identification, 
the spoken text during the phase of testing should be similar to 
spoken text during training the system. In the system of text 
independent identification, the process will not be dependent on 
the text spoken by the speaker [5]. 

 However, due to the impacts of extended fading ranges, 
complex sounds in the surroundings, and room reverberation, 
speaker detection in the distant field and complicated 
environments is difficult [6].Speech signal transmission over a 
longer distance is hampered by absorption, fading, and reflection 
of diverse objects, which alters the pressure level at various 
frequencies and lowers signal quality [7]. The existing 
frameworks for speaker recognition such as i-vector-based 
strategy which showed success in recognizing the speech[8]. The 
vector-based strategy assumes the enrollment and testing data 
includes similar distributions. But, the assumption failed in 
many real world scenarios and because there were frequent 
mismatch in the channel for enrolment and testing data. The 
mismatch in the channel significantly affected the performance 
of speaker recognition [9]. Many existing methods were 
developed for the recognition of speaker such Convolution 
Neural Network (CNN), Deep Neural Network (DNN), etc. 
However, in single speaker it was challenging to collect the 
training data from the different channels. So, the existing 
methods were difficult to represent the information of speaker 
among various channels [10].  

The examination on speaker recognition can be traced all the 
way back to in any event 1960s [22]. In the accompanying forty 
years, many trend setting innovations advanced the improvement 
of speaker acknowledgment. For instance, various acoustic 
highlights (for example dynamic time warping and linear 
predictive cepstral coefficients) and later on, [21] favored 
representing the Gaussian combination model based general 
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Abstract—An energy-efficient approximate multiplier is de-
signed by using an approximate compressor for image and video
processing applications. This paper proposes an approximate 4:2
compressor design with an 18.75% error rate that consumes on
an average 15% less energy compared with the existing designs
from the literature. This paper proposes two variants of the
multiplier, one with only approximate compressors and another
one with approximate and accurate compressors.

Index Terms—Energy Efficient Multiplier, Approximate Com-
puting, Approximate 4:2 Compressor, Image/Video Processing
applications.

I. INTRODUCTION

A
PROXIMATE hardware-based computing is an emerging

area for energy-efficient hardware design. Many real-

life applications can be implemented using these approximate

hardware. The applications that can tolerate errors in their

output are the best suited for this kind of implementation.

Signal processing, Image processing, and Video processing

applications are best suited for approximate computing, and

thereby one can reduce significant energy, delay, power, and

area. The majority of the hardware will commonly use data

path elements like adders and multipliers, etc.,. An efficient

approximate multiplier will significantly reduce the energy of

the system [1] [2].

In general approximate multiplier is designed by introducing

approximate compressors in the partial product reduction stage

as the partial product reduction stage consumes more area,

power, and delay. Introducing approximation in this stage

will significantly reduce the energy. There is a significant

contribution has done by many researchers in designing a new

compressor with different error rates at the output level [1] [2]

[3].

The compressors produce two output bits from the n-

input bits. Hence, it is popularly used in the partial product

reduction stage of the multiplier [4]. The primary function

of the compressor is to give the number of 1’s present in the

given input and produces the binary output. For example, let us

consider the input to the compressor as 1111; the compressor

produces the output as 100. The number of ones present in this

input is 4; this can be read in the output as the most significant

two bits 10 are Cout and Carry will have the same weight as

21 and the least significant bit is Sum and its weight is 20 as

shown in equation (1).

A+B + C +D = (Cout+ Carry).21 + Sum.20 (1)

The accurate 4:2 compressor without Cin is designed using

one full adder and one-half adder. Its corresponding circuit

diagram is shown in Fig. 1, and Table I is the truth table of

the circuit.

Fig. 1: Conventional Accurate 4:2 Compressor without Cin

TABLE I: Truth Table for Conventional 4:2 Compressor

without Cin

A B C D Cout Carry Sum

0 0 0 0 0 0 0
0 0 0 1 0 0 1
0 0 1 0 0 0 1
0 0 1 1 0 1 0
0 1 0 0 0 0 1
0 1 0 1 0 1 0
0 1 1 0 1 0 0
0 1 1 1 1 0 1
1 0 0 0 0 0 1
1 0 0 1 0 1 0
1 0 1 0 1 0 0
1 0 1 1 1 0 1
1 1 0 0 0 1 0
1 1 0 1 1 0 1
1 1 1 0 1 0 1
1 1 1 1 1 1 0

The objective of the approximate compressor is to reduce

the power and delay. Hence, the simple circuit can be de-

signed only using primitive gates with slight variation from
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the original output (which leads to error in the output for

certain combinations); in such case, the use of XOR gates

can be eliminated; as a result, power consumption reduces.

The presence of error in the output will not change the visual

information in image/video processing applications.

This paper proposes an approximate 4:2 compressor de-

sign, which uses primarily primitive gates. The proposed

approximate 4:2 compressor design is used in the design of

the multiplier to reduce the partial products. The proposed

multiplier is delivering superior performance than the existing

approximate multipliers.

The rest of the paper is organized as follows. Section

II presents a detailed literature review about approximate

multiplier. Section III proposes novel approximate 4:2 com-

pressor design and approximate multiplier designs. Section IV

detailed the results and discussion and followed by Section V

Conclusion.

II. LITERATURE REVIEW

Approximate computing can be implemented at various levels,

such as algorithmic level, module-level design, gate-level

design, and transistor-level design. Many of the approximate

computing works that are available in the literature are at

gate-level implementations. In this paper, we are implementing

approximate computing for the arithmetic circuit. This paper

targets to design an approximate multiplier by designing

approximate compressors for the Dadda multiplier.

The generic block diagram of the approximate 4:2 compres-

sor is shown in Fig. 2, and the truth table is shown in Table II.

Its equation is shown in 2.

Approximate 4:2 Compressor

A B C D

CarrySum

Fig. 2: Generalized Approximate 4:2 Compressor

A+B + C +D = Carry.21 + Sum.20 (2)

[3] has proposed hardware-level approximate compressor

at gate-level design. [3] has proposed two designs in his work,

design2 uses 2 XNOR gates, 3 NOR gates, and one OR gate

in his design with an error rate of 25%. He proved that his

proposed design would have a lesser delay than the convention

accurate 4:2 compressor.

[5] has proposed a approximate 4:2 compressor design as

shown in Fig. 3 and Fig. 4 with 12.5% and 25% error rate

respectively. In order to reduce the error rate, the author has

used XOR, OR, AND, AOI, and OAI standard cells from the

design library. The area, power, and delay of [5] are higher

than the [3].

TABLE II: Truth Table for Approximate 4:2 Compressor

A B C D Carry Sum

0 0 0 0 0 0
0 0 0 1 0 1
0 0 1 0 0 1
0 0 1 1 1 0
0 1 0 0 0 1
0 1 0 1 1 0
0 1 1 0 1 0
0 1 1 1 1 1
1 0 0 0 0 1
1 0 0 1 1 0
1 0 1 0 1 0
1 0 1 1 1 1
1 1 0 0 1 0
1 1 0 1 1 1
1 1 1 0 1 1
1 1 1 1 1 1

Fig. 3: Approximate 4:2 Compressor Design2 [5]

[6] has proposed three designs, where the hardware circuit

for all the three designs remains the same as shown in Fig. 5,

except the ordering of the given inputs. The input reorder

is achieved using a 2:1 multiplexer, XOR, two OR gates,

and one AND gate. All the design has same error rate, i.e.,

25% with various delay characteristics. The author has mainly

focused on reducing the delay and error rate. The approximate

compressor with a different error rate is also present in [7] [8]

[9].

A. Contribution of this paper

The objective of this paper is to reduce the power delay

product with an acceptable output visual quality of the image.

• This paper uses an input reordering mechanism to reduce

the number of inputs to a small number, thereby reducing

the complexity of the circuit.

• Proposes a novel approximate 4:2 compressor with an

18.75% error rate.

• The proposed compressor design uses only primitive

gates.

• To demonstrate the proposed compressor’s effectiveness,

this paper uses two multiplier designs.

• Estimated area, power, delay, and Energy (Power delay

product) for existing and proposed compressor design and

multiplier designs.

• Image processing application is chosen to prove the

multiplier’s effectiveness, and its metrics are presented.
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Fig. 4: Approximate 4:2 Compressor Design3 [5]

Fig. 5: Approximate 4:2 Compressor Design [6]

III. PROPOSED ENERGY-EFFICIENT APPROXIMATE

MULTIPLIER

This section proposes a novel approximate 4:2 compressor,

which is used for reducing the partial products efficiently. This

section is organized into two parts. The first part will explain

the proposed approximate 4:2 compressors and followed by

the second part is an approximate multiplier.

A. A Novel Proposed Approximate 4:2 Compressor

The objective of this section is to design an approximate

4:2 compressor with reduced power, circuit area, delay, and

energy. This section proposes a novel approximate 4:2 com-

pressors. The compressor design is designed using only prim-

itive gates, and as a result, delay and power are significantly

reduced than the existing approximate 4:2 compressors from

the literature.

The truth table of the conventional accurate 4:2 compressor

without Cin is shown in Table I, and its circuit diagram is

shown in Fig. 1. Based on the truth table I of the accurate

4:2 compressor without Cin, the approximation in the circuit

is made by eliminating Cout in the output of the accurate 4:2

compressor design to make it as approximate 4:2 compressor

as shown in Fig. 2 and the truth Table II. As accurate 4:2

compressor without Cin has four inputs and three outputs

named Cout, Carry, and Sum. As it has four inputs, only

one possible combination, i.e., ABCD = 1111, will give

counted number of 1’s like four and rest of the case it is

only maximum three and this maximum number of 1’s, three

can be represented using two output bits, i.e., Carry and Sum.

TABLE III: Truth Table of Input Pairing Alignment Circuit

A B C D 1’s Count Y0 Y1 Y2 Y3

0 0 0 0 0 0 0 0 0
0 0 0 1 1 0 0 1 0
0 0 1 0 1 0 0 1 0
0 0 1 1 2 0 0 1 1
0 1 0 0 1 1 0 0 0
0 1 0 1 2 1 0 1 0
0 1 1 0 2 1 0 1 0
0 1 1 1 3 1 0 1 1
1 0 0 0 1 1 0 0 0
1 0 0 1 2 1 0 1 0
1 0 1 0 2 1 0 1 0
1 0 1 1 3 1 0 1 1
1 1 0 0 2 1 1 0 0
1 1 0 1 3 1 1 1 0
1 1 1 0 3 1 1 1 0
1 1 1 1 4 1 1 1 1

The maximum count value counted for all the four input

1’s is Sum=1 and Carry=1 with an error. The compressor

count value depends on the number of 1’s present in the

input combination rather than the decimal value. Hence, this

paper aligns all the 1’s presents in the input towards to most

significant bit (MSB) side using the input pairing alignment

circuit as shown in Fig. 6. In Fig. 6 the inputs A and B are one

pair and C and D are another pair. These two pairs align the

1’s presents in the inputs towards the MSB side as shown in

truth Table III. As a result number of 16 input combinations is

reduced to 9 output combinations, as shown in Table III. As

a result, compressor design with this logic will have lesser

complexity, and circuit switching activity reduces than the

existing design. The proposed approximate 4:2 compressor

is designed using a truth table of the reduced number of

combinations as shown in Table III.

A B C D

X0 X1 X2 X3

Fig. 6: Input Reordering Circuit

The proposed compressor will have three output combina-

tions that have deviated from the accurate 4:2 compressor

with an error rate of 18.75% as shown in Truth Table IV,

and its equivalent circuit diagram is shown in Figure 7. The

proposed compressor is designed with only primitive gates and

one multiplexer.
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Fig. 7: Proposed Approximate 4:2 Compressor Design.

TABLE IV: Truth Table for Proposed Approximate 4:2 Com-

pressor Design

A B C D Carry Sum Difference

0 0 0 0 0 1 0
0 0 0 1 0 1 0
0 0 1 0 0 1 0
0 0 1 1 1 1 +1
0 1 0 0 0 1 0
0 1 0 1 1 0 0
0 1 1 0 1 0 0
0 1 1 1 1 1 0
1 0 0 0 0 1 0
1 0 0 1 1 0 0
1 0 1 0 1 0 0
1 0 1 1 1 1 0
1 1 0 0 1 1 +1
1 1 0 1 1 1 0
1 1 1 0 1 1 0
1 1 1 1 1 1 -1

B. Approximate Multiplier Design

This section proposes two 8 × 8 multiplier designs [3] [5],

where approximate multiplier design1 as shown in Figure 8

uses the only proposed approximate 4:2 compressors in the

partial product reduction stage and adders. The approximate

multiplier design2 is shown in Figure 9 uses lower half

significant bits is added using the proposed approximate 4:2

compressors, and higher half significant bits of the multiplier

is designed using accurate 4:2 compressor in order to reduce

the overall error distance.

IV. RESULTS AND DISCUSSIONS

All the existing and proposed designs are modeled using

Verilog HDL and implemented in 45nm technology library

using Cadence 6.1 EDA tools. The area, power, delay, and

power delay product (PDP) of all the designs are estimated.

The comparison results of area, power, delay, and power delay

product (PDP) of all the existing and proposed approximate

compressors are shown in Table V. From Table V, one can

summarize that the proposed designs save significant energy

(PDP) compared to the existing designs. The percentage of

reduction in energy or power delay product is shown in

Table VI.

Fig. 8: Proposed Approximate 4:2 Compressors Mapping on

Multiplier Design1

Fig. 9: Proposed Approximate and Accurate 4:2 Compressors

Mapping on Multiplier Design2

TABLE V: Results Comparison for Existing and Proposed

Approximate 4:2 Compressor Designs

Approximate Area Power Delay PDP % of

4:2 Compressor um2 nW ps aJ Error

Existing Design2 [5] 7 613 70 42.97 12.50

Existing Design3 [5] 7 550 69 37.95 25

Existing Design [6] 7 634 53 33.60 25

Proposed Design 7 556 57 31.69 18.75

TABLE VI: % improvement of PDP of proposed Compressor

designs compare with all the existing 4:2 compressors

Approximate Proposed

4:2 Compressor Design

From Literature

Existing Design2 [5] 26.24%

Existing Design3 [5] 16.49%

Existing Design [6] 5.68%

The proposed approximate 4:2 compressors are used in the

design of the approximate multiplier. The area, power, delay,

and power delay product (PDP) of the approximate multi-

plier design1 implemented using the existing and proposed

compressors results are shown in Table VII. Implementation

results of the multiplier design2 are shown in Table VIII. The

percentage of improvement in multiplier design1 and design2

designed using 25% error based compressors comparison with

the proposed compressor is shown in Table VII and Table VIII

respectively. The proposed compressor-based multiplier de-
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sign2 is compared with all the existing designs from the

literature, and its percentage of improvement in power delay

product is shown in Table IX.

TABLE VII: Results Comparison for Existing and Proposed

Approximate 8-bit Multiplier Design1

Approximate Area Power Delay PDP

4:2 Compressor um2 nW ps fJ

Existing Design2 [5] 276 29835 477 14.23

Existing Design3 [5] 261 28489 558 15.89

Existing Design [6] 264 28430 642 18.25

Proposed Design 273 28016 579 16.22

TABLE VIII: Results Comparison for Existing and Proposed

Approximate 8-bit Multiplier Design2

Approximate Area Power Delay PDP

4:2 Compressor um2 nW ps aJ

Existing Design2 [5] 286 34926 559 19.52

Existing Design3 [5] 278 34293 580 19.88

Existing Design [6] 279 34074 580 19.76

Proposed Design 296 34286 517 17.72

TABLE IX: % improvement of PDP of proposed multiplier

design-2 compare with existence 4:2 compressor

Approximate Proposed

4:2 Compressor Design4

From Literature

Existing Design2 [5] 10%

Existing Design3 [5] 11%

Existing Design [6] 11%

TABLE X: Results Comparison for Existing and Proposed

Approximate 8-bit Multiplier Design1

Approximate PSNR Mean Normalized

4:2 Compressor dB Error Error

Design Type Distance Distance

Existing Design2 [5] 35 83.28 0.32

Existing Design3 [5] 35.8 138.41 0.5

Existing Design [6] 28 1.93x103 7.59

Proposed Design 32.82 850 3.33

TABLE XI: Results Comparison for Existing and Proposed

Approximate 8-bit Multiplier Design2

Approximate PSNR Mean Normalized

4:2 Compressor dB Error Error

Design Type Distance Distance

Existing Design2 [5] 63.31 11.22 0.04

Existing Design3 [5] 63.31 11.22 0.04

Existing Design [6] 61.45 18.46 0.07

Proposed Design 56.68 80.88 0.23

A. Application: Image Processing

The effectiveness of the approximate multiplication results can

be proved by applying on the images and estimating the PSNR

of the resultant images. The input for all the approximate

multipliers is shown in Figure 10a and Figure 10b. The accu-

rate multiplier resultant output image is shown in Figure 10c.

The existing compressor-based approximate multiplier design1

resultant images are shown in Figure 11. The proposed ap-

proximate multiplier design1 resultant images are shown in

Figure 13a.

The existing compressor-based approximate multiplier de-

sign2 resultant images are shown in Figure 12. The proposed

approximate multiplier design2 resultant images are shown in

Figure 13b.

The peak signal-noise ratio (PSNR), mean error distance

(MED) [1], and normalized error distance (NED) [10] of the

existing and proposed compressor-based multiplier design1

and design2 are compared in the Table X and Table XI.

The proposed compressor-based multiplier is shown a sig-

nificant improvement than the existing techniques from the

literature. Multiplication is one of the basic operation in many

image/video processing applications such as DCT (Discrete

Cosine Transform) and DWT (Discrete Wavelet Transform)

and etc.,.

(a) Input Image1 (b) Input Image2 (c) Output Image

Fig. 10: Input and Output Images of the Exact Multiplication

(a) Output [5] (b) Output [5] (c) Output [6]

Fig. 11: Output Images of the Approximate Multiplier Design1

(a) Output [5] (b) Output [5] (c) Output [6]

Fig. 12: Output Images of the Approximate Multiplier Design2

V. CONCLUSION

This paper proposed an approximate 4:2 compressor design

with an 18.75% error rate. The proposed approximate com-

pressor is compared with the existing designs in terms of area,

power, and power delay product. The proposed approximate

4:2 compressors design delivers impressive energy savings
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output image

(a) Using Multiplier
Design1

output image

(b) Using Multiplier
Design2

Fig. 13: Output Images of the Proposed Approximate Multi-

plier

with a low error rate, i.e., 18.75%. The proposed approximate

compressors are used in the design of multiplier design1 and

design2. The approximate multiplier design2 saves energy on

an average of 10.8%, compared with all the existing designs.

The PSNR values of the approximate multiplier design2 are

better than the existing designs.
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Abstract—In many real-life applications such as image/video
processing, the error present in the output will not impact the
output visual information. Approximation at the hardware level
is one of the promising techniques to design energy-efficient
circuits. This paper proposes an approximate 4:2 compressor
design to reduce partial products in the multiplier design.
The proposed approximate 4:2 compressor design consumes
on an average 56% less energy compared with the existing
designs from the literature, respectively. This paper proposes two
variants of the approximate multiplier designs, where design1
uses only proposed approximate 4:2 compressors and multiplier
design2’s lower half of the multiplier is designed using proposed
approximate 4:2 compressor and higher half of the multiplier is
designed using existing accurate compressors to reduce the error
rate and improve the output image visual quality.

Index Terms—Energy Efficient Multiplier, Approximate Com-
puting, Approximate 4:2 Compressor, Error tolerant applica-
tions.

I. INTRODUCTION

A
S the usage of portable handheld devices is continuously

growing, and many real-life applications are also adapted

on these devices. The battery life of portable devices doubles

every ten years. Approximate computing is one technique to

reduce the battery life for error-tolerant computing. Many

researchers are started developing approximate hardware for

error-tolerant applications. The majority of the real-life ap-

plications are error-tolerant, for example, signal, image, and

video processing applications. Even the modern algorithms

used for processing, such as machine learning, deep learning,

etc., are error-tolerant. In processor multipliers, hardware will

consume more energy, approximation in multiplier will make

circuits energy efficient for image/video processing [1] [2].

Multiplier design has three stages in stage one, partial

product generation. Stage two is partial product reduction; this

stage consumes massive hardware to add the generated partial

products, and stage three is the final adder. The approximation

in the multiplier is introduced at the partial product reduction

stage in multiple ways. The most commonly and popularly

used technique is compressors and adders at the partial product

reduction stage [1] [2] [3].

Compressors are hardware circuits that convert a n-number

of input bits to 2-bit output, which is very much desirable

in the case of the reduction stage of the partial products of

the multiplier [4]. The primary function of the compressor

is to give the number of 1’s present in the given input and

produces the binary output. For example, let us consider the

input to the compressor as 1101, the compressor produces the

output as 101. The number of ones present in this input is 3;

this can be read in the output as the most significant two bits

10 are Cout and Carry will have the same weight as 21 and

the least significant bit is Sum and its weight is 20 as shown

in equation (1).

A+B + C +D = (Cout+ Carry).21 + Sum.20 (1)

This can be realized using an accurate 4:2 conventional

compressor without Cin using one full adder and one-half

adder, whose circuit diagram is shown in Figure 1, and its

truth table is shown in Table I.

Fig. 1: Conventional Accurate 4:2 Compressor without Cin

The objective of the approximate compressor is to reduce

the power and delay. Hence, the simple circuit can be de-

signed only using primitive gates with slight variation from

the original output (which leads to error in the output for

certain combinations); in such case, the use of XOR gates

can be eliminated; as a result, power consumption reduces.

The presence of error in the output will not change the visual

information in image/video processing applications.

This paper proposes an approximate 4:2 compressor design,

which uses primarily primitive gates. The proposed approxi-

mate 4:2 compressor design is used in the design of multiplier

to reduce the partial products. The proposed multiplier is

978-1-7281-8281-0/21/$31.00 ©2021 IEEE

20
21

 2
8t

h 
IE

EE
 In

te
rn

at
io

na
l C

on
fe

re
nc

e 
on

 E
le

ct
ro

ni
cs

, C
irc

ui
ts

, a
nd

 S
ys

te
m

s (
IC

EC
S)

 |
 9

78
-1

-7
28

1-
82

81
-0

/2
1/

$3
1.

00
 ©

20
21

 IE
EE

 |
 D

O
I: 

10
.1

10
9/

IC
EC

S5
39

24
.2

02
1.

96
65

61
4

Authorized licensed use limited to: Chaitanya Bharathi Institute of Tech - HYDERABAD. Downloaded on August 11,2022 at 04:40:59 UTC from IEEE Xplore.  Restrictions apply. 



Design and Analysis of Obfuscated Full Adders

Sandeep Kolla

IIITDM Kancheepuram, India

Ayesha Sk

VIT Chennai, India

Sreehari Veeramachaneni

GRIET, Hyderabad, India

Noor Mahammad Sk

IIITDM Kancheepuram, India

Abstract—In modern day semiconductor industry secure cir-
cuit/hardware is one of the major concern due to issues like IC
piracy, Trojan insertion, IC over production and etc.,. Recently
researchers has demonstrated various hardware based attacks
and also expressed their concern towards the design of the
obfuscated circuit. Securing the hardware circuit is one of the key
concerns today. This work proposes design of the secure adders
and its implementations. The objective of this work is to design
minimal overhead based secure adders for secure system design.
This can be achieved by encrypting the key into the hardware
circuit at transistor level. The correct key ensures circuit’s correct
operation, else it produces an incorrect value. The correct and
incorrect operation resultant output can not be distinguished by
the malicious user.

Index Terms—Secure Full adder, Obfuscation, Hardware Se-
curity, Key encryption, Logic Encryption

I. INTRODUCTION

The construction and maintenance cost of semiconductor

foundry or manufacturing plant for the fabrication of Inte-

grated Circuits (ICs) is high. Semiconductor fabrication units

has to continuously adapt to the newer technologies and its

fabrication process as per the Moore’s law. The entire IC de-

sign process can be broadly classified into two phases. Devel-

oping an GDS-II format from the idea is Phase-I, which can be

done by modeling the design in HDLs (hardware description

languages), synthesizing and physical design implementation.

Phase-II is fabrication of IC using developed GDS-II format in

the phase-I, which is done at the manufacturing plant. Majority

of the semiconductor companies/organizations will end their

in-house implementation with GDS-II format and they will

outsource the fabrication to the third party fabrication unit.

The loopholes in physical design are taken as an advantage

by the malicious third-party fabrication units.

The fabricated chips are vulnerable for various hardware

based attacks due to malicious third party fabrication unit.

The malicious fabrication unit can leak the IP (Intellectual

Property), reverse engineering, piracy and overproduction [1].

In order to protect from the above attacks the fabless orga-

nizations or companies has to go for hardware encryption,

such that they can claim that their IP and take legal actions

against the malicious fabrication unit. Typically, this hardware

encryption is done at the layout level of the design by inserting

a key using either EXOR gate or multiplexer or look-up-tables.

The malicious foundry uses reverse engineering techniques

using machine learning/AI algorithms to identify the security

keys that are inserted at the layout and they will remove the

keys and claims that the design is belongs to their own or its

associative organization.

Adders are extensively used in the microprocessors and

micro-controllers for program counter increment, branch target

address generation, and arithmetic logic unit. Adders are the

building blocks of the any hardware based encryption based

ASIC (application Specific Integrated Circuit) chip. Secure

arithmetic operations or control operations can be done by

the design of the secure adders. Secure adders are adders with

security key. Upon the supply of the correct key the correct

addition result will come as output else it will produce the

incorrect result [2][3][4]. This paper proposes a secure adder

design.

The rest of the paper is organized as follows. Section II

presents the detailed literature review. Section III elaborates

the proposed secure adder design. Section IV presents results

and discussions and followed by Section V conclusion.

II. LITERATURE REVIEW

Security key insertion in the circuit such that the circuit will

produces the correct results for the correct key, else it produces

the incorrect results. The process of insertion of security key

in the original circuit is called logic encryption. This can be

achieved by using XOR/ XNOR gate [5][6], where one input

of the XOR/ XNOR gate is connected with key k and other

input is connected with wire w of the intermediate circuit.

Such that upon the correct key k = 0 output of the XOR/

XNOR is w/w, else it is 0/1.

Key insertion can also be done using the 2:1 multiplexer [7],

where key k is connected to select line of the multiplexer and

the first input of the multiplexer is connected to wire segment

w of the circuit and the second input of the multiplexer is

connected to any arbitrary wire in the circuit. Whenever the

key k = 0 it produces the true value of the wire segment w,

else it produces the arbitrary value.

LUT (Look-up-table) based logic encryption [8] uses one

or more key(s), where a specific logic function or gate can be

replaced with it. It uses a 4:1 multiplexer and whose inputs are

connected to memory cells. The basic Boolean functions are

realized in 4-bit memory cell. The logic function implemented

on the memory cell is applied to the two select input lines of

the multiplexer.

The above logical encryption schemes are applied on the

Boolean circuits or gate level netlist and it will have overheads

in terms of area, power and delay. Few of the works reported

in the literature, where the encryption is also introduced at the

transistor level. Kyle et. al., has proposed logic encryption

at gate level by introducing the key using NMOS/PMOS

switches. The security key(s) is/are introduced at PMOS and
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Abstract: In many applications like Digital Signal Processing 
(DSP), the multiplier is the basic building block, which uses the 
more complex circuitry. As the DSP applications are tolerable to 
outputs with some error, the replacement of exact multiplier with 
approximate multiplier gives the higher energy efficiency. In this 
paper a new approximate 4-2 compressor circuit is proposed for 
less complex multiplication process. The proposed compressor 
uses less hardware circuitry and less energy. The simulation 
results shows that the approximate multiplier by using the 
proposed approximate 4-2 compressor consumes less energy 
when compared with other multipliers with bit size of 8x8. The 
proposed multiplier gives 77.94% reduction in EDP when 
compared with the exact multiplier. 
Key words: DSP, Compressor , Approximate multiplier, EDP 
 
INTRODUCTION 
With rising need and evolution in Internet of Things and portable 
devices, a great challenge on VLSI circuits to obtain energy 
efficiency. Many applications such as digital signal processing 
(DSP) and neural networks need approximate circuits to decrease 
delay and area with an acceptable accuracy. 
           Digital multiplier consists of three parts. Which are: 
generation of partial products, reduction of partial products, and 
proposed adder for result. However ,in multiplication the design 
has two approach for approximate multiplier. In the first 
approach, all partial products are reduced using full adders& half 
adders and at the last stage of calculation the proposed adder 
used. And in the second approach, all partial products are 
reduced by proposed 4-2 compressor and at the last stage 
proposed adder. 
First approach is chosen to get low error rate, and second 
approach is chosen for better trade-off between error-delay. Here 
section II explains about Approximate 4-2 Compressor, Section 
III explains about Related works, Section IV explains the 
proposed work, section V tells about experimental setup, Section 
VI Results and conclusions, and in Section VII References are 
explained. 
 
II. Approximate  4-2 Compressor 
The compressors counts the number of 1’s in the inputs. The 
mostly used efficient compressor is 4-2 compressor. The 
conventional 4-2 compressor has the 5 inputs and 3 outputs 
[1].The formula for the 4-2 compressor is as follows. 
    A+B+C+D+Cin =2(Cout+Carry)+Sum     (1) 
Where A,B,C,D,Cin are the inputs to the compressor and 
Cout,Carry Sum are the outputs of the compressor. 
Figure 1 shows the 4-2 compressor which is  implemented by 
using two full adders. The equations for the outputs of the 
compressor are given as follows, 

(2)        Cin       DCBASum  

(3)    A         B)(ACB)(ACout  

(4)      DD)CB(ACinD)CB(ACarry  

 
 
               Figure 1: Conventional 4-2 Compressor 
 There are many approximate 4-2 compressors has proposed to 
reduce the area, power and delay of the system. The figure 2 
shows the block diagram of approximate compressor which has 4 
inputs(A,B,C,D) and 2 outputs( Sum, Carry) [2-4]. The 
approximate 4-2 compressor eliminates the Cin and  Cout to 
reduce the complexity of the circuit. 

 
Figure 2: Approximate 4-2 Compressor 

III. RELATED WORKS  
There are two types of approximate compressors, one which 
counts the no of 1’s in the value and other which gives the value 
[5,6]. But the final output will not effect by considering the 
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Abstract : As CMOS technology is scaling down day by day to a 
few nanometre, there is a difficulty in improving circuit 
performance and energy scaling in a cost-effective manner. On 
the other hand, computational scaling from future workloads is 
increasing rapidly, because of this there is a gap between 
capabilities of CMOS technology scaling down and the 
requirement for future application workloads. In such scenario, 
either we have to accept computing systems that are good 
enough or look for alternative modifications to advance them 
without technological progress. There are several approaches, 
which  can reduce this gap by improving system capabilities. 
Approximate computing is one of them. It is now becoming an 
interesting area for energy efficiency since computing- 
intensive applications such as visual processing, multimedia 
signal does not require accuracy to work correctly. In this 
paper, an approximate adder is proposed which is nearly equal 
to its accurate counterpart in terms of delay and accuracy. And 
have improvement in terms, power, and area over 50% when 
compared to conventional adder’s implementation and 10% 
when compared to existing ones.  

Key words: Approximate computing, approximate circuits, 
energy efficiency.   

 
 
INTRODUCTION 
A binary arithmetic operation such as addition, subtraction, 
multiplication, and division plays a vital role in digital 
computing systems. These operations use adders as the basic 
building blocks. The adders are used in multimedia applications 
as a prominent one. The area, power, delays are the main 
constraints of micro architecture system which depends on adder 
architecture. Among all traditional adders, Ripple Carry Adder 
(RCA) is the easiest one to construct and consumes less area, but 
the delay is more. Whereas the parallel prefix adder has less 
delay but the area is more. As the area is directly proportional to 
the power consumption, compare to RCA Parallel Prefix Adder 
consumes more power [1]. In contrast, any system prefers adders 
of less delay, low power consumption which any of these 
traditional adders does not meet the design metrics. By 
sacrificing the accuracy of system the delay, power design 
metrics can be improved. Many error resilient techniques are 
proposed in the previous work for the improvement of the delay 
and power [2]. The approximate computing technique attracted a 
lot of attention among the error- resilient techniques [3-9]. The 
main aim of the approximate computing is to implement the 
hardware and software systems by compromising the accuracy. 
The software approximate computing skips the algorithmic level 
computation. In hardware approximate computing the circuit 
level modifications can be done by truncation of the carry. In 
approximation computing technique the hardware level of 
approximation has been applied on arithmetic units. Among 
various arithmetic units adders are more significant. Here section 
II explains about Approximate Adders , Section III explains 
about Related works , Section IV explains the proposed work 

and section V experimental setup Section VI Results and 
conclusions and in Section VII References are explained. 
 II. APPROXIMATE ADDERS  
Adders are extensively used in applications like digital signal 
processing. In multimedia, signal processing like many 
applications does not necessarily need the exact values; these 
applications can tolerate errors [2]. The main basic blocks can be 
replaced with an approximate one to reduce the delay and power 
metrics. Adders are the main basic building blocks of these 
applications. So modifying the adders will reduce the power, 
area, and delay [2-5]. The approximate adders can be 
implemented in the transistor level and gate level [2-5]. Here we 
are focusing on the gate level implementations. The approximate 
adder consists of two sub adder blocks, one is an accurate sub 
adder block and another one is the approximate sub adder block, 
shown in Figure 1 [5]. The accurate adder block contains higher 
order bits i.e., MSB bits, and the approximate sub adders block 
contains the lower order bits i.e. LSB bits. As MSB bits have 
higher weights the error percentage will be more compared to the 
lower order bits. So that the higher order bits cannot be 
approximated to reduce the error. The main aim of the 
approximate adder is to eliminate the carry chain. As because of 
the carry chain, the delay is more. By eliminating the carry chain 
the delay is reduced ,as because the carry circuit was reduced the 
power and area also reduces. The approximate adder will uses 
low power, area and reduces the delay by sacrificing the 
accuracy[5].   

 
Figure 1: Approximate Adder Block Diagram 
III. RELATED WORKS  
Many approximate adders have been proposed previously [6].  
The Approximate Full Adders (AFA) has been proposed by 
modifying the full adder architecture [6] . The carry circuit has 
been modified here. Full Adder equations can be expressed as  
 

(1) Cin       BASum  
(2)         A)(CinCin)(BB)(ACout  

 
Where A, B, Cin are the inputs to the adder and Sum, Cout are the 
sum and Carry out of the adder respectively [1]. The commonly 
used gate level implementation of the full adder is shown in 
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        Abstract- Fault-tolerant techniques help detect and 

tolerate the faults in memories to improve the performance of 
the design. This article mainly considers the faults occurring in 
non-volatile main memories especially phase-change memory 
(PCM). Non-volatile memories have good performance 
advantages in recent market applications. Security of non-
volatile memories is a key factor to focus on because data is 
present even after the shutdown of the power supply. Hence, to 
focus on security Advanced Encryption Standard algorithm 
utilized in this paper. Proposed Built-in self-test (BIST) fault-
tolerant architecture shows better performance and reduction 
in area overhead compared to Randshift fault-tolerant 
architecture. These techniques are implemented in the Xilinx 
schematic software tool with the assistance of Verilog hardware 
description language. The simulation results show 
improvement in static timing analysis and reduction in area 
parameters. The motivation behind the proposed BIST 
architecture is to improve the performance of the design in 

consort with finding fault-free regions.  

 
Keywords- Stuck-at fault, Built-in self-test (BIST), 
Randshift technique, Linear feedback shift register 
(LFSR), Secure memories, Advanced Encryption Standard 
(AES), Circuit Under Test (CUT), Device Under Test 
(DUT). 

 

    I. INTRODUCTION 

                  In this digital era, the popularity of computing 
systems has increased drastically. It has a huge impact on 
the storage of data. As technology grows day by day scaling 
down of the chip size causes significant challenges for 
volatile memories like DRAM and flash memory. It leads to 
a wider gap between processors and the memory capacity of 
cells [1]. This variation leads to cause a greater number of 
weak cells. These weak cells disadvantage in properties like 
data storage time which leads to cause a greater number of 
faults [2], [3].   

                  

                Mainly memories are available as volatile and 
non-volatile. Because of cost and high-power consumption 
factors, volatile memories are not preferred. Fabrication is 
also complex hence designers preferring non-volatile 
memories over volatile memories.  

          Non-volatile memories for instance phase-change 
memory (PCM) in addition to resistive RAM (ReRAM) are 
providing high scalability and greater density which making 
them prefer over DRAM and flash memories [4],[5]. Even 
after the shutdown of the power supply, non-volatile 
memories contain data for up to a very long time when 
comes to volatile memories, they lose the data after the 
shutdown of the power supply. This is one of the main 
reasons to consider non-volatile memories over volatile 
memories. But these emerging memories like PCM and 
ReRAM facing endurance issues [6] which causes stuck-at 
faults in the memory cell. 

In the present scenario phase-change memory (PCM) is 
considered as best and commercialized emerging non-
volatile main memory. I am grabbing more attention from 
designers because of its excellent performance stated in 
articles [7],[8],[9]. Basic PCM cell consists of one transistor 
besides one resistor and is made up of chalcogenide 
material. To store ‘0’ and ‘1’ values the chalco-genide 
material present between two metals is heated. Recurrent 
heating of chalco-genide material causes stuck-at faults 
while storing ‘0’ or ‘1’ values in the memory cell. The 

storage array of a typical PCM cell as represented in fig (1) 
where BL represents bit line and WL represents word line 
and the selector can be a transistor, diode, or switches.   

This paper compares two different fault-tolerant techniques, 
which supports to find the fault-free regions. This research 
work has proposed a BIST based fault-tolerant technique, 
whose test methodology helps in solving the issues  like 
finding fault regions present in the design so that  by 
removing or lowering the number of faults, the performance 
of the design can be improved. The area occupied by the 
BIST technique is very less as in recent years of integrated 
circuits. Hence BIST-based technique is preferred. 
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Abstract—The ion-sensitive field-effect transistor (ISFET) 
is one of the most sensitive and adaptable sensors available, 
and it may be employed in modern complementary metal-oxide 
semiconductor (CMOS) techniques. As a result of its tiny size, 
low power consumption, and compatibility with industry-
standard complementary metal oxide semiconductor (CMOS) 
technologies, potentiometric sensors like ISFETs are gaining 
appeal among sensor scientists and industrialists. These past 
decades have been broken down into three distinct time 
periods, which is described in detail in this paper to give an 
overview of what has been accomplished in the field over this. 
This work, briefly reviews about history, characteristic of the 
ISFET, and further discussion is performed about vivid 
applications of the ISFET.  

Keywords— ISFET, MOSFET, ISFET as biosensor, pH 
detection 

I. INTRODUCTION 

he ISFETs are comparable to MOSFETs with the 
former devoid of the gate material. The gate 
insulator which is the sensing layer of an ISFET is 

in direct contact with the electrolyte and requires a reference 
electrode to complete the gate to source circuit. The working 
of an ISFET may be explained effectively by the site binding 
theory and the electrical double layer theory. The ability of 
an ISFET device to be integrated with biologically active 
material helped it to explore into the field of biosensors [1]. 
It was noticed that ISFETs might be conveniently employed 
in conjunction with enzymes and other biological 
membranes generating an Enzyme Field Effect Transistor 
(ENFET). Since then, various different enzymes are being 
employed for d ifferent ENFETs. The enzymes are specific to 
a certain analyte. The enzyme Cytochrome P450 
monooxygenase used in this work has the specificity of 
oxidizing n-hexadecane into n-hexadecanol. This enzyme 
has the potential of bio-monitoring as it oxid izes 
hydrocarbon which is an effective instrument in oil industry 
helping in monitoring environment deterioration by the oil 
spill [2].  

Fig. 1. Ion Concentration in ISFET [6]. 

Insulating membrane replaces the gate oxide in the ISFET, 
and the gate voltage is connected to an electrolyte reference 
electrode. It is possible to detect changes in the device's 
threshold voltage due to variations in ion concentration 
utilising specialized instruments [3-6]. When using 
traditional CMOS technology, the process metal is used as an 
electrode, as illustrated in Figure 1. 

Fig. 2. Bio sensing Structure using ISFET [36].  

A. I-V Characteristics of ISFET 

 I-V curves and transconductance plots of an ISFET 
biassed in the triode region are depicted in  Figure 3 for 
illustration. VGS vs ID is virtually fully linear in b iassing 
regions when gm approaches a rather flat peak [7-11]. As can 
be seen in the pH ID graph, the projected pH to current 
conversion assuming a pH sensitivity that is close to ideal is 
easily discernible. 

Fig. 3. I-V Curve of ISFET [4]. 

There was no need for an additional fabrication process 
to integrate ISFETs with ordinary silicon System-on-Chips, 
which resulted in essential advantages such as scalability and 
low cost. The device gains pH sensitivity thanks to this 
extended-gate approach, which utilizes the intrinsic top 
passivation material (Si3N4) as the insulating layer [12-14]. 
Figure 3 shows the reduced sensitivity that results from 
increased attenuation in the chemical input signal caused by 
capacitive division, which is one of the nonidealities. 
Capacitive effects regulated by the pH cause a corresponding 
shift in the device's floating gate voltage, which is simulated 
as the threshold voltage shift in this model. Dependency 
relationships look like this: 

T 

Proceedings of the International Conference on Electronics and Renewable Systems (ICEARS 2022)
IEEE Xplore Part Number: CFP22AV8-ART; ISBN: 978-1-6654-8425-1

978-1-6654-8425-1/22/$31.00 ©2022 IEEE 70

20
22

 I
nt

er
na

tio
na

l C
on

fe
re

nc
e 

on
 E

le
ct

ro
ni

cs
 a

nd
 R

en
ew

ab
le

 S
ys

te
m

s 
(I

C
E

A
R

S)
 | 

97
8-

1-
66

54
-8

42
5-

1/
22

/$
31

.0
0 

©
20

22
 I

E
E

E
 | 

D
O

I:
 1

0.
11

09
/I

C
E

A
R

S5
35

79
.2

02
2.

97
52

07
2

Authorized licensed use limited to: North Eastern Hill University. Downloaded on May 20,2022 at 04:58:08 UTC from IEEE Xplore.  Restrictions apply. 



ARTIFICIAL INTELLIGENCE BASED MUSIC COMPOSITION SYSTEM-
MULTI ALGORITHMIC MUSIC ARRANGER(MAGMA) 

 
1Dr.R. Sabitha 

Assistant Professor 
Department of CSE 

Karunya Institute of Technology 
and Sciences, Coimbatore 

sabitha@Karunya.edu 
 

4S.Gopa Kumar 
Assistant Professor 
Department of ECE 

Rohini College of Engineering and 
Technology, Tamil Nadu 

sgopakumar1990@gmail.com 

2Sankararao Majji 
Assistant Professor 
Department of ECE 

GRIET, Hyderabad, India  
Sankar3267@gmail.com 

 
5K G Kharade 

Assistant Professor 
Department of Computer Science, 

Shivaji University, Kolhapur 
Maharashtra 

kgk_csd@unishivaji.ac.in  
 

Dr. M. Kathiravan,   
Assistant Professor(SG), School of 

Computing Scineces, Hindustan 
Institute of Technology and 

science. 
 kathirrec1983@gmail.com 

 
6Santhoshachandra Rao Karanam 

Assistant Professor  
Department of IT,  

Anurag University, Hyderabad        
santoshit@anurag.edu.in  

 
 

Abstract—  A number of problems such as diagnosis, decision-
making and optimisation were successfully solved through the 
methods of artificial intelligence (AI). However, any AI 
algorithm used for creative problems needs some replacement 
mechanism for human creative spark, as the computer has no 
creative potential. Randomness may not be the only 
mechanism to construct a creative structure, as created by a 
random number generator. This paper examines AI for music 
composition. In particular, the paper introduces MAGMA, 
which uses three different AI algorithms for music generation. 

Keywords- artificial intelligence, MAGMA, stochastic 
algorithm;  

I.  INTRODUCTION 

Since the 1950s, computer-based music has been around 
[3]. The composition of the algorithm dates back centuries 
[4]. In the search of solutions to many problems, artificial 
intelligence (AI) techniques were applied, Includes 
emulat ion of human creativity in matters like composition of 
music. Through this review we will examine different AI 
applications and introduce in our edition three approaches to 
musical composition. We also analyse the findings and 
examine their strengths and limitations. The aim is to show 
AI approaches to automatic music composition. Composing 
and/or playing music is usually an artistic activity. It requires 
years of practice and study that people are skilled in 
composing or playing music. While music is an exciting and 
artistic form, there are several rules governing music 
composition, and the study of music theory is a wide-ranging 
endeavor. Computers and their running software are 
particularly suitable for the implementation of algorithms 
and rules. The effort to create music by computers and AI is 
therefore a way of recognizing and applying good music 
rules as software.  

Music is composed in people in different ways. Some 
people "hear" and write music into their heads . Others 
prepare the music in  a deliberative manner. Others 
spontaneously produce music by "jamming." Or, these 
techniques could be combined by musicians. These three 

methods may be viewed as applying music theory, applying 
the strategy, and using randomness in pruning music that 
"does not work," as calculated by some fitness assessment. 
Routine planning and genetic algorithms combined with a 
stochastic approach; we can use knowledge-based thinking 
in AI. The genetic algorithm is the primary method used in 
the current AI research (or some variation). Neural networks, 
fractal geometry and the chain of Markov are different 
methods. 

There are several works with genetic algorithms, such as 
the Dash gene (4), which model each song as a different 
population., or the four-part harmonies and rhythms of 
Donnelly and Sheppard[5]. Contrary to the previous two 
systems, CONGA[6] uses people to analyse health of each 
piece of music and thus to determine how listenable a piece 
of music is using more than just music theory. In a harmonic 
sense, AMUSE is used in the development and evolution of 
improvised melodies[9] and BlueJam uses a mixture of 
genetic and heuristics[10]. 

  
II CONCEPT OF MAGMA 
 
MAGMA is a currently under construction experimental 

AI system for composing music, in particular pop songs. To 
generate songs that are based on the chains of Markov, a 
routine plan algorithm and a genetic algorithm, a stochastic 
algorithm is used. The framework uses input user parameters 
and produces a song as a MIDI file. 

MAGMA is designed to enable users to specify the 
song's preferences. The device produces a MIDI song file for 
one of the three algorithms based on these mood, repeat, 
variety, transition and range preferences. The database 
includes plain text files generated from musical sources, such 
as chord and melody progression songbooks and websites. 
Each database entry has its attributes marked so that 
MAGMA selects the entries that best fit the needs of the user 
to construct their transfer inventory arrays. 

The routine planning algorithm uses a database of 
existing musical attributes to choose, similar to the stochastic 
process. In comparison to the stochastic approach using 
statistical information, a knowledge base for routine planning 
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Abstract— In today's communications and information 
technology business, cellular mobile networks are one of the 
technologies that has had the most significant impact on the 
industry. As part of the steps made to improve the overall 
quality of life, many aspects of everyday living, as well as 
technical breakthroughs, are becoming increasingly reliant on 
smart gadgets, which are becoming increasingly common. It is 
projected that, in the near future, every electric gadget will be a 
smart device that can be connected to the internet on a regular 
basis. A new network paradigm known as the vast cellular 
Internet of Things is created as a result, in which a large number 
of simple battery-powered heterogeneous devices work together 
for the improvement of humanity in all aspects. This system was 
developed in accordance with the standard simulation 
specifications for such systems, and the realistic data that will be 
extracted from it will aid in demonstrating the effectiveness of 
the proposed algorithms in order for them to be included in the 
5G cellular communications technology.  

Keywords—5g Cellular, Internet of Thing, Network design.  

I. INTRODUCTION 

The scarcity of energy and bandwidth is a problem for 
wireless communication systems since it affects the quality of 
service and the capacity of the channels [1]. Most of the 
research in wireless networks focuses on new communication 
and networking paradigms that use these limited resources 
more intelligently and efficiently than previous paradigms. In 
order to make better use of limited network resources in a 
more effective and flexible manner, cognitive radio is a 
fundamental enabling technology that allows radios and other 
devices to adapt their operational settings to changes in the 
surrounding radio environment. The popularity of cognitive 
radio is rising. Cognitive radio is a critical enabling 
technology that helps radios and other devices make better use 
of scarce network resources by using them more efficiently 
and adaptably. Things like signal power, frequency, and 
modulation type fall under the category of transmission 
characteristics. 

Different from ordinary radio devices, Cognitive Radio 
devices are equipped with cognitive capabilities and 
configurability, allowing them to adapt to the fluctuations in 
the surrounding radio environment [2]. In order for a device 
to have cognitive capabilities, it must be able to detect and 
receive important information about things like transmission 
power and frequency as well as modulation type. The 
cognitive user will be able to choose the best spectrum for his 
or her needs if they have this capability. When new 
information is detected, the cognitive user may quickly adjust 

the transmission settings to get the greatest possible 
performance out of the CR.  

Machine Learning is a branch of Artificial Intelligence that 
has recently received a great deal of attention from 
researchers, owing to the advent of large amounts of data to 
analyse. Because there are numerous sources that generate the 
data, the data is available in a wide range of sizes and formats 
to suit the needs of the user [3]. It is also important to note that 
the data is generated at a rapid pace. As a result of their 
development, machine learning algorithms have proven to be 
extremely effective in a wide range of applications ranging 
from finance to telecommunications to healthcare to retail to 
education and other fields. Using historical examples, often 
known as training data, machine learning is used to improve 
performance indicators by identifying patterns. First, a model 
is constructed using the training data, and then learning is 
applied to the model in order to improve its performance 
metrics. The model can be predictive, in which case it is used 
to anticipate the outcome of test data [4]. descriptive, in which 
case it is used to characterise the data in order to gain 
information from the data; or both predictive and descriptive.   

 
Figure 1: Components in Internet of Things (IoT)  

Multihoming refers to a network that contains a large 
number of users who are dispersed around the physical 
Internet of Things environment [6]. We can improve the 
quality of life for everyone by utilising the Internet of Things 
to provide services such as real-time monitoring, information 
exchange, and other added-value features. In addition to 
providing smart environment and healthcare services, the 
Internet of Things (IoT) serves as a platform for smart 
transportation, smart agriculture, smart e-government, and 
other services connected to manufacturing products [7]. It is 
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Abstract - For mobile machinery to be operated remotely, a 
dependable wireless communication system is required. With five 
generations of wireless networks, remote operations, real-time 
control, and data collection will be ultra-reliable and low latency. 
Using 5G radio, digital twins, hardware-in-the-loop development, 
and our own experiences with the system, we show how a remote 
mobile machinery control system works. According to our 
findings, future 5G networks will have a significant reduction in 
latency and jitter compared to existing LTE infrastructure when 
using a proper edge computing architecture.

Index Terms – 5G networks, LTE, Digital twin, Jitters.

I. INTRODUCTION

There have been numerous life-changing 
technologies on the heels of the wireless data network's steady 
progress over the last 30 years. During the early 1980s, the 
launch of the first analogue cellular system marked the 
beginning of modern evolution. People could finally 
communicate while on the road, despite the fact that cell 
phones were still uncommon.

5G services have now been offered by more than 90 
different providers in over 40 different countries, indicating 
that 5G commercialization is now becoming more 
commonplace. This launch's most notable feature is 5G's 
increased level of network complexity [1]. The bandwidth 
available for 5G can power a wide range of apps and services, 
as well as enabling new business applications like fixed 
wireless access. Due to the increased demand for private 5G 
networks and the integration of Sub-6 GHz and mmWave 
technologies, networks are adopting these new technologies to 
suit those needs.

Since there are so many potential use cases for 5G, it's 
evident that we'll need a more scalable and adaptable network 
architecture to support them all. Parallel to this, software 
virtualization in telecommunication networks is becoming 
more prevalent. It's becoming increasingly common for 
mobile operators and network equipment manufacturers to use 
virtualized radio access networks (vRAN) and open interfaces 

to connect their networks. Although increased data rates and 
processing loads associated with 5G Sub-6 GHz massive 
MIMO and millimeter-wave technologies necessitate 
optimised System-on-Chip (SoC) solutions, these solutions are 
still required.

People could exchange text messages using second-
generation and 2.5G mobile systems by the early 1990s, but 
broadband internet access via 3G didn't become widely 
available until the turn of the new millennium [2]. Phones 
have progressed from being simple gadgets for placing and 
receiving phone calls to being multifunctional tools for 
communication, entertainment, and shopping.
As the most recent advancement, 4G is capable of sharing 
real-time information and location in real time. Due to this 
change, the sharing economy was made possible, and startups 
like Uber and Lyft were born. Though faster than a human 
reflex, it's still not fast enough to accommodate newer 
technologies. The answer to this problem will be provided by 
the advent of 5G.

A. Network Virtualisation

Our 5G Radio Access Network (RAN) Platform portfolio 
will include three new platforms by the second half of 2018: 
the Qualcomm Radio Unit (QRU) Platform, Qualcomm 
Distributed Unit (QDU), and the Qualcomm Distributed Radio 
Unit Platform. Qualcomm Technologies has a strong track 
record of delivering infrastructure solutions. A Qualcomm 
Radio Unit Platform-based SoC solution takes care of wireless 
front end and antenna issues [3]. The Qualcomm Distributed 
Unit includes integrated sub-6 GHz/mm Wave capabilities 
(QDU). Verizon Wireless (Cingular) (QDU). With the 
Qualcomm Distributed Radio Unit Platform, both units have 
been integrated into a single unit for compactness's sake

Consolidating hardware and software resources into a 
software-based virtual network is known as network 
virtualization. Mobile network operators (MNOs) are turning 
to network virtualization as a way to better manage their 
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Abstract - On resource-constrained embedded devices (e.g., 
Internet of Things nodes), deep neural network inference 
requires specialized architectural solutions to deliver the greatest 
possible performance, energy, and cost trade-offs. In this regard, 
a Network-on-Chip architecture with many parallel and 
specialized cores is one of the most promising (NoC). An 
architecture parameter that impacts deep neural networks' 
performance is the number and size of memory interfaces. Using 
these and other architectural criteria, we investigate the design 
space that can be created. We demonstrate how on-chip 
communication dominates delay while memory consumes the 
majority of energy. According to the findings, a new research 
area devoted to improving the performance and energy efficiency 
of on-chip communication fabrics and memory subsystems 
should be established.

Index Terms - Network-on-Chip, neural network, 
Machine Learning.

I. INTRODUCTION

Cores, last-level caches, and memory modules on a 
chip are now all connected via Network-on-Chips (NoCs). As 
of now, many-core devices have anywhere from a few dozens 
to several hundred cores, with thousands of cores expected in 
the future. The NoCs, on the other hand, use a significant part 
(between 10% and 36% of the chip's total power). The power 
issue will only get worse as transistor feature sizes continue to 
shrink and more power is used for communication than 
computation. In order to make future NoC designs more 
power-efficient, a number of studies have been proposed.

To save as much power as possible, it's critical to blend the 
advantages of numerous strategies. Static power can be 
reduced using the Power Gating (PG) approach. Reducing 
dynamic power is possible with the help of dynamic voltage 
and frequency scaling (DVFS). Static and dynamic power 
reduction can both be achieved with a combined PG/DVFS 
system. A poor outcome could be caused by the dynamic 
interactions between these methods and the network. Dynamic 
power is squandered when a DVFS decision is overstated. An 
overestimation of DVFS, on the other hand, could lead to 
network congestion, which reduces the amount of time $its are 

idle. This has an adverse effect on static power reduction 
because the PG decision is made during these idle cycles. For 
this reason, it is necessary to implement a preventative control 
policy. Exploring different application behaviour can also 
increase decision accuracy and power savings, but it 
complicates the control strategy in the process of doing so. 
The NoC, cache, and miss status holding registers' behaviour 
can be influenced in many ways by applications (MSHRs). 
Application-specific network utilization and message 
information are generated at the NoC level [1]. Examples of 
network communications that show the criticality of data 
include load/store and response/request. Processing power is 
connected with L1 instruction and data cache activity, whereas 
information regarding NoC traffic is gleaned from information 
in the L2 cache and in the MSHR. If this data can be gathered, 
decision accuracy and power savings may improve, but 
control policy is complicated and substantial engineering work 
is required. NoC design can be optimized using traditional 
control techniques or, more recently, supervised learning. 
When using a PID controller, the output variances are 
monitored and the logic is computed by taking the quotient of 
the proportional, integral, and derivative values. The 
empirically tuned parameters, on the other hand, may not be 
able to withstand changes in the applications or uncertainty in 
NoC behaviour due to their nature [2]. Similarly, in order to 
construct labelled training examples prior to the training 
phase, supervised learning necessitates human expertise and 
engineering.
A. NoC Architecture

Complex on-chip computing platforms necessitate an 
effective means of managing communication among the many 
on-chip components. The resources that communicate with 
one another do so via bus and crossbar architectures. The 
drawbacks of using a bus-based communication strategy 
include the need for a large amount of wire space, which can 
lead to a scalability issue as the number of resources increases 
due to serialization in the communication, as well as the 
possibility of significant latency and fan-out when arbitrating 
for a shared medium [3]. Although serialization is eliminated 
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 Abstract - A future where computers take over driving could 
be paved by autonomous vehicles on Vehicular Ad-hoc Networks 
(VANET), a wireless network that spontaneously forms to 
exchange data about automobiles. In order to communicate 
properly amongst the cars, it helps transfer secure messages. 
Unauthorized access, such as sending bogus VANET messages, 
poses a serious risk. As a result, remedial action should be 
initiated early in the architectural process. To prevent a DoS 
attack, an equal balance between message authentication and DoS 
protection must be maintained while the VANET network is 
authenticating each message. A wide range of security-demanding 
circumstances and message transmission security solutions are 
discussed in this work. 
 
Index Terms –VANET, DoS, Unauthorized access. 
 

I.  INTRODUCTION 

 Ad hoc networks (VANETs) are mobile ad hoc networks 
in vehicles with infrastructure, such as cars and trucks 
(MANETs). In today's world, cars are necessities that are only 
getting better with time. To make judgments and assist the 
driver while driving, "smart" vehicles utilize a number of 
technologies including computers and sensors. They also use 
communications and artificial intelligence systems. As a result, 
new technologies are advantageous in a wide range of 
situations. Vast interest in VANET has been generated in 
academia and the automobile sector. For reasons of safety, 
convenience, and comfort, many automakers are incorporating 
communication devices inside their automobiles. Moreover, 
government groups have acknowledged the VANET's growing 
importance. The FCC has designated a specific portion of the 
radio spectrum for use by car networks. The National Highway 
Traffic Safety Administration (NHTSA) and the NHTSA have 
added intelligence layers to automobiles. 

P2P, multiple hop, and vehicle-to-infrastructure (V2I) 
communication are just a few examples of VANET technology 
uses. There are a range of uses for the networked 

transportation systems known as Intelligent Transportation 
Systems (ITS). These communication mechanisms allow the 
car to react automatically to avoid collisions with other 
vehicles in its vicinity while still being completely transparent  
to the driver who is operating it. Vehicular-to-vehicle 
communication (V2V) involves vehicles communicating 
directly with one another on the road, while vehicle-to-
infrastructure communication (V2I) involves vehicles 
communicating directly with existing road infrastructures like 
GSM, UMTS or WiMAX networks via fixed equipment. 
VANETs have a complex architecture that includes a wide 
range of hardware and software elements. There is an OBU 
(On-Board Unit) in VANET cars. When communicating with 
roadside infrastructure, RSUs (Road Side Units) is commonly 
referred to. Cameras are available as options on a few 
automobiles. To develop or alter routes based on computer 
vision, cameras capture images of scenarios in front of the 
vehicle and send them to sensors on board. Vehicles can be 
made to return to their proper lanes by using sensors that 
detect when they've drifted off course. Despite its success, this 
technology has drawbacks, especially in bad weather.  

As a result of mobile communication technologies 
revolutionizing the automotive sector in the previous decade, 
gadgets can now communicate with one another no matter 
where they are or what they are doing. With such ease of 
connectivity, important data can be exchanged between devices 
while they're in use. The real-time flow of information has 
become a new paradigm in the industry because of how 
frictionless it is. As a result, developments in information and 
communication technology have made mobile device 
communication a no-brainer [5]. These advancements have led 
to new options for the use of safety applications, such as the 
VANET (Vehicular Ad-hoc Networks). Using a wireless 
channel, VANET connects various moving vehicles and 
connecting devices, exchanging important data. Vehicles and 
other equipment act as nodes in a tiny network that is being 
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Abstract— Lips, two-thirds of the tongue and inner cheek 
lining are all common places for oral cancer to form. It can also 
arise in hard and soft palates, pharynx, and sinuses. Head and 
neck cancers are subtypes of this malignancy. Unless detected 
and treated early on, oral can be dangerous. Using microscopic 
biopsy images, the researchers were able to detect mouth cancer 
and non-cancerous lesions. Using cutting-edge techniques, it is 
possible to histologically diagnose oral lesions. For example, 
enhancing microscopic images involves transforming them from 
RGB to L*a*b color space, classifying the colors using k-means 
clustering, segmenting the nuclei, and obtaining and classifying 
their features.  

Keywords— Microscopic biopsy, RGB, Nuclei, k-means 
clustering 

I. INTRODUCTION 

Hippocrates created the term "cancer" (Latin for "crab") in 
the fifth century to designate a group of disorders. As the cells 
multiply and spread throughout the body, they suffocate the 
organism. Cancer is a disease produced by cells that have 
malfunctioned and lost control over their own proliferation, to 
put it simply [1]. Tumours and neoplasms, which are both 
medical terms for the same mass of cells, grow in size over 
time. It is possible for cancer cells to disseminate throughout 
the body, causing new tumours to grow in other parts of the 
body; this is known as metastasis. Several factors contribute 
to cancer, including faulty genetics and exposure to insults 
from the environment. Smoking and chewing tobacco are two 
practises that increase one's risk of developing mouth cancer, 
which is a life-threatening disease. A cancerous growth can 
appear anywhere in the body, and it is usual practise to label 
cancers depending on the organ or cell type from which they 
originate, resulting in more than 100 distinct forms of cancer. 
It is estimated that mouth cancer accounts for about 5% of all 
cancers in the head and neck region of people. 

Oral cancer is the fifth most common cancer type and the 
eighth most common cause of cancer-related mortality 
worldwide, according to the World Health Organization. 
Globally, oral cancer is becoming increasingly burdensome 
despite advances in early detection and treatment technology. 
The incidence of oral cancer is on the rise across the globe. 
Oral cancer claims the lives of 30 percent of men and 12 
percent of women over the world. There are numerous risk 
factors for oral cancer, but smoking and chewing tobacco are 
two of the most important. Tobacco smoking increases the risk 

of oral cancer in all forms. Smoking-free tobacco is a major 
risk factor for the onset of oral cancer (SLT). 

Around 1,30,000 people die each year with this cancer 
because of tumours in the salivary glands, tonsils, neck, head, 
face, and oral cavity. For men, their mouth cancer risk is 
double that of women, and for men over the age of 40, their 
risk is even higher. Furthermore, over 25% of all oral cancers 
occur in non-smokers who also use alcohol on occasion [2]. 
75 percent of oral cancer cases may be traced back to tobacco 
and alcohol use. Other risk factors include poor dental 
hygiene, malnutrition, and recurring infections. Cancer of the 
mouth and throat is known as oral cancer. Oral cancer is quite 
frequent, but if detected and treated early enough, it is highly 
curable. Mouth cancer, another name for oral cancer, is very 
common. This might occur in any of the oral tissues. Oral 
malignancies come in a variety of forms, but the most 
common is squamous cell carcinoma, which develops in the 
soft tissues of the mouth and lips. Oral cancer, often known as 
mouth cancer, most commonly affects the gums, lips, or palate 
roof in the mouth. Squamous cell carcinoma is the medical 
term for the majority of mouth malignancies. Initial signs and 
symptoms include things like tingling or numbness in the 
tongue or lips. If the tumour has spread, you may experience 
a burning feeling as well as swallowing difficulties and oral 
sores, among other things [3]. 

Modern methods allow for the histological diagnosis of 
oral lesions. Digital images of microscopic slides are an 
example of such a modality; they're an advancement in 
contemporary day diagnosis. The PC can handle several new 
highlights as a result of this digitization. It's possible to 
imagine new uses for image analysis, and those uses can be 
made more routine. The morphology of nuclei and cell shape 
are unaltered in a healthy tissue's cell-to-cell adhesion. No 
matter what the cause, alterations in the oral epithelium can 
lead to cancer in the mouth or throat. Squamous cell 
carcinoma of the mouth is the most common type of head and 
neck tumour (SCC).Cervical cancer has numerous dysplastic 
characteristics on a morphological and histological level. A 
new approach was used to distinguish between normal oral 
tissues and oral cancerous tissues in histology slides. There 
was more focus on building the programme for cancerous and 
non-cancerous tissues because this was a pilot project [4].  
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Abstract— It is critical in today's security-conscious 
environments and communications to create unique identities, 
and this can be done with software or hardware. Hardware can 
create a reliable and unique identity with less complexity than 
software because software requires more complex algorithms 
to keep the secret hidden from the adversaries. PUF is the 
name of one such basic circuit. Even when made using a 
nominally identical process, no two physical objects are exactly 
the same. When presented with a binary input, a PUF circuit 
responds with a binary, device-unique output. A PUF circuit is 
designed to be sensitive to manufacturing process variations. 
PUF as a hardware primitive is used as an authentication 
device in the real-world practical application scheme. The 
proposed IoT node-to-node mutual authentication algorithm 
does not require a server or a trusted third party. FPGA 
boards are used to implement the algorithm's main modules, 
such as the Nonce generation logic and the unclonable response 
generation logic. In spite of identity theft, PUF-based 
authentication schemes have the assurance that malicious 
parties cannot replace the intended PUF-based node. 

Keywords—Arbiter PUF, FPGA, Ring Oscillator (RO);  

I. INTRODUCTION  

For security-conscious environments and 
communications, the creation of unique identities — whether 
software or hardware — is critical. Because software 
requires more complex algorithms to keep the secret hidden 
from the adversaries, hardware can create a reliable and 
unique identity with less complexity. One of these 
fundamental circuits goes by the name of PUF. No two 
physical objects are exactly the same, even if they were made 
with the same process. In response to a binary input, a PUF 
circuit generates a binary output that is specific to the given 
device. When designing a PUF circuit, the goal is to make it 
sensitive to changes in the manufacturing process. The real-
world practical application scheme makes use of PUF as a 
hardware primitive as an authentication device. With this 
new IoT mutual authentication algorithm, there's no need for 
a server or third-party trust [1]. The main modules of the 
algorithm are implemented using FPGA boards, such as the 
Nonce generation logic and the unclonable response 
generation logic. Although PUF-based authentication 
schemes are vulnerable to identity theft, the assurance that 
malicious parties cannot replace the intended PUF-based 
node makes them a good choice in the face of these threats. 

In cryptography, codes are used to protect data from 
unauthorised users by making them unintelligible. According 
to Wikipedia, the term "cryptography" comes from the Greek 

words "crypto" (meaning “secret”) and “graph” (meaning 
“writing”), respectively [2]. As a result, the term 
"cryptography" refers to the practise of writing 
confidentially. The context recently discussed the tools and 
systems defined to generate secure messages for member 
communication and defend against hacker's attacks. As a 
result, cryptography is critical for secure private 
communication over a public network. Cryptography 
Computing algorithms and mathematical theory are used in 
general in cryptography to work on secure transmission 
systems. As a result, encryption, decryption, watermarks, 
pseudo-random numbers, and so on all contribute to security. 

Cryptography is based on four fundamental principles. 
Each of these terms refers to a different aspect of the security 
model. To ensure data privacy, it's important to follow the 
confidentiality principle. Consistency and accuracy of data 
are key components of the data integrity principle [3]. You 
recognise yourself to your communication partner through 
the process of authentication. Non-repudiation is the ability 
to verify the authenticity of a digital signature in order to 
ensure that the person who created a message is the real 
sender. There are two basic types of cryptography: 
symmetric and asymmetric. A symmetric system encrypts 
data using the same key on both systems. Symmetric 
cryptography can take many forms. The cypher algorithm 
uses a key, which is a generated value, to convert plain text 
into cypher text. In order to recover the plain text, the 
ciphertext must be decrypted using the same key as before. 
The execution time of symmetric cryptography algorithms is 
reduced. Symmetric cryptography algorithms include those 
that use mono alphabetic substitution [4]. This method uses a 
one-to-one correspondence between plain text and cypher 
text characters.   

II. PUF MECHANISM  

For a single Challenge C, the PUF mechanism 
implemented on similar ICs embodied with PUF generates a 
variety of Responses R1, R2, R3 and R4. This pictorial 
representation of the PUF mechanism shows this.   
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Abstract—During this covid-19 pandemic most of the 
countries have successfully conducted the parliamentary, state, 
and local elections. It was unfortunate that few candidates have 
been infected by the virus and lost their golden time in 
canvassing during their election campaign. One of the candidates 
(name and state kept anonymous) who was contesting elections in 
India was infected by the virus just 15 days before the election. 
The candidate isolated himself and was under medical treatment 
in hospital for few days. So, we intended to assist the candidate 
by modifying our SHRALA (Social Humanoid Robot based on 
Autonomous Learning Algorithm) as a campaign robot. Despite 
the challenging pandemic situation and limited availability of the 
resources the robot was designed, fabricated, tested, and 
deployed in less than 5 days. This paper discusses the approach 
and experience in the design, fabrication, testing and deployment 
of SHRALA robot in the election campaign. The robot performed 
beyond our expectation as it attracted more people towards it, 
most of them were curiously interacting with the robot and 
taking selfies. Based on our experience, future directions of the 
campaign robot are suggested as these robots can make huge 
impact in the election campaign strategy. 

Keywords— Social Robot, humanoid robot, election robot, 
campaign robot, SHRALA, Mobile Robot.  

I.  INTRODUCTION  

Due to the widespread of the corona virus in 2020, 
the normal life has come to a halt in most of the countries. 
Countries have taken serious measures to curb and prevent the 
spread of the corona virus by implementing lockdown in 
several phases. Some of the countries have even faced third 
and fourth wave of corona viruses, which took so many people 
life and has put a huge dent in the economy of the middle- and 
lower-income group. The rate at which the corona virus 
spreads has increased drastically during the second wave and 
the third wave.  Severe social distancing norms were followed 
in public places and in most of the places wearing of face 
masks and gloves has been made compulsory. It has been 
reported that in a wedding gathering almost 60% of the people 
who have been infected by coronavirus at the same time. 
almost similar amount of infection rate was reported in most 
of the large public gathering places like exhibition center, 
educational meeting, sports events, tourist places and places of 

worship etc. The worst part is that these viruses are so 
dormant for the first few days and slowly weaken your 
immune system and take over your body. A healthy individual 
with high immune system will not notice that he is an actual 
career of the corona virus for the first few days or until his 
immune system is weak. During these few days being an 
inactive career, the person spreads the virus to few other 
people around him in whatever the places he visits, and this 
cycle keep continues from one to view and waves of cases are 
being reported. There are only two ways to control this, the 
first way is through vaccine and the second way is through 
staying indoors the former seems to be a wise decision while 
the later one leaves the huge economic and career dent in that 
individual’s life. 
 Despite knowing the severity of the situation some of 
the countries have successfully completed the lockdown while 
some other countries are in the process or yet to conduct them. 
The worst part is that during the election campaign and vote 
canvassing large number of public people will gather and 
which increases the possibility of infections to all these 
people. In some cases, some of the candidates who are 
contesting for the elections have also got corona virus. Most of 
these candidates have isolated themselves and were under 
proper medical treatment. Some of these candidates miss their 
golden time of vote canvasing, while few of them used digital 
media as their campaign platform. Even though so many 
robots like reception robot [1], social interaction robot [2-4] 
and food delivery [5-7] are available it was so hard to find 
these robots are similar robots being used as assistive 
mechanism during the election campaign for the candidates. 
This was mainly because as most of these robots are 
manufactured and imported from other countries. These robots 
are sold here with little modification to serve the necessary 
local application. During this pandemic because of ban in 
imports of the components and machinery it became difficult 
for the local people to develop the election campaign robot.  
One of the candidates contesting in an election in India was 
infected by the corona virus and was isolated and was in a 
proper medical care. However, he was carrying out the 
election campaign using digital medium like others. So, 
considering this situation we have modified our existing 
SHRALA robot [8] and developed a new SHRALA – 
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a b s t r a c t

Embedded applications software code is increasingly growing in size. Whereas the entire code of all
control panels in a car provided for roughly a few 100 K code lines a decade ago, a single control panel
such as the engine control can now have up to 1million code lines. With these help of good approach,
common scenarios are developed for other, even for mobiles, embedded systems like PDA’s, cell phones
etc. However, increasing software size requires greater memory and can therefore raise the cost of an
embedded system considerably. The starting of this pattern was already established in the early
1990 s. The compressed code is created by compressing the binary numbers using a code compression
tool (at the time of design) is stored in the instruction memory of the embedded devices. The compressed
instructions are decompressed and implemented by the processor at the time of startup. One of the
serious challenges is that the tables will become wide in size and therefore decrease the benefits of
compressing the code that could be accessed. Although the whole research in this area has mostly
concentrated on improving greater code compression without specifically targeting the issue of wide
look-up table sizes.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Materials, Manufacturing and Mechanical Engineering for Sustainable Developments-2020.

1. Introduction

An extremely slower processor and limited memory sizes are
commonly utilized by embedded devices to reduce costs. There is
also an approximately 5 billion embedded microprocessors are
being used now-a-days, as per the World Semiconductor Trade
Statistics Blue Book. The major determinant for the rising preva-
lence of embedded device- driven portable devices like (Personal
Digital Assistants) and web-platform mobile phones is the global
expansion of their implementation, example the world demand
for embedded devices will rise from about $1.6 billion in 2004 to
$ 3.5 billion to 2009 a Average Annual Growth Rate(AAGR) of
16%. Because due to the requirements of the embedded industry,

the memory chip of the embedded device must be tiny, various
techniques are utilized to minimize the size of the embedded
software by encoding it inactive and then decoding it active. In
the field of individual instruction problem use generally a RISC
processor, the concept of utilizing code compression as a method
for chip size mitigation in microprocessors has most triggered
concern. Furthermore many developments in IC integration
techniques to explore another direction which surely impedes
the speed of processing[1–7].

The method of compression of code can be utilized when the
ISA (Instruction Set Architecture) may or may not be defined.
When the ISA ids defined, to create the decoders hardware, the
code compression algorithm uses the data in opcode or instruction
format. In this situation, the compression ratio will be increased, as
the amount and type of operands can be minimized as according o
the operation specified by the opcode in the instruction format. If
the ISA is not defined, the code compression method implements

https://doi.org/10.1016/j.matpr.2021.02.643
2214-7853/� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Conference on Materials, Manufacturing and Mechanical Engineering for
Sustainable Developments-2020.

⇑ Corresponding author.
E-mail address: asisa@griet.ac.in (A. Kumar Panigrahy).

Materials Today: Proceedings xxx (xxxx) xxx

Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr

Please cite this article as: D. Prasad, P. Rahul Reddy, B. Sreelatha et al., Recent developments in code compression techniques for embedded systems, Mate-
rials Today: Proceedings, https://doi.org/10.1016/j.matpr.2021.02.643

https://doi.org/10.1016/j.matpr.2021.02.643
mailto:asisa@griet.ac.in
https://doi.org/10.1016/j.matpr.2021.02.643
http://www.sciencedirect.com/science/journal/22147853
http://www.elsevier.com/locate/matpr
https://doi.org/10.1016/j.matpr.2021.02.643


2022 International Conference on Computer Communication and Informatics (ICCCI ), Jan. 25 – 27, 2022, Coimbatore, INDIA 

 

 

978-1-6654-8035-2/22/$31.00 ©2022 IEEE

IMPROVED IMPERIALIST COMPETITIVE ALGORITHM 

BASED ENERGY EFFICIENT PEAK TO AVERAGE POWER 

RATIO (PAPR) IN COOPERATIVE MIMO-AF SYSTEMS  

S. Kanithan1, Arun Ananthanarayanan1, N Arun Vignesh2*, Dr Thirunavukkarasu Kannapiran3,  

N. Srinivasarao4, N. Kumareshan5, S.Madhusudhanan6 

1Department of ECE, MVJ College of Engineering, Bengaluru-560067 
2Department of ECE, Gokaraju Rangaraju Institute of Engineering and Technology, Hyderabad-500090 

3Professor & Head of Data Science, Unitedworld School of Computational Intelligence, 

Karnavati University, Gandhinagar-382422 
4Department of ECE, BVRIT Hyderabad College of Engineering for Women, Hyderabad-500090 

5Department of ECE, Sri Shakthi Institute of Engineering and Technology, Coimbatore-641062 
6Department of CSE, Koneru Lakshmaiah Education Foundation, Guntur-522502 

*arunvignesh44@gmail.com 

 

Abstract--To enhance the performance of 

communication system, there are many cooperative 

techniques are available. The multi-input multi-output 

(MIMO) system has been analysed in this paper and its 

peak to average power is analysed with optimal 

available techniques. Such techniques are focused on 

various parameters and in this paper we have 

considered energy efficiency (EE). Practical 

implementations of realizing MIMO amplify and 

forward technique has some difficulties. In recent times, 

an algorithm such as Firefly fuzzy hybrid algorithm is 

being used. But in realizing the amplification and 

forward system, the performance may not be enhanced 

if the energy is not considered. The energy of the non 

linear system is associated with the average power and 

power efficiency. An improved imperialist competitive 

algorithm is proposed in this paper. The focus is mainly 

kept on energy efficiency. Algorithms such as EE HFFA 

(Energy efficient Hybrid Fuzzy Firefly Algorithm), 

amplify and forward system (AF) are analysed to bring 

out an algorithm called Improved Imperialist 

Competitive algorithm (IICA). It has been analysed in 

this paper that the simulation results of energy efficient 

IICA induces peak average power ratio (PAPR) which 

showed significant improvement in energy efficiency.   

 

Key Words— Energy Efficiency (EE), Multiple-Input-

Multiple-Output (MIMO), Amplify-And-Forward (AF), 

Average power, Improved Imperialist Competitive 

Algorithm (IICA). 

 

 

 

I.  INTRODUCTION 

Research in the field of Energy Efficiency is 

brings out sustainability for environment as well as 

economical in the sense of communication systems. 

Additionally, communication in cooperation is identified as 

one among the effective systems [1]. These types of 

systems would improve the performance. Recently many 

works have been made over in this research field. 

 In this research, methodology named EE-HFFA 

has been introduced to work for MIMO-AF. Many relaying 

techniques have been used for developing the MIMO-AF. 

One among those techniques is Amplify-and forward. 

Communication through MIMO-AF [4] would fascinate 

about many years.  

EE-HFFA stands for Energy Efficiency with 

Hybrid Fuzzy Firefly Algorithm. It would obtain by 

merging the beneficial works of firefly and differential 

convolution shortly DE. This combination helps to improve 

the sharing of information between populations by parallel 

implementation. Even though large number of research has 

been going in this field, still difficulties are arising in 

MIMO-AF. One among those issues is its high PAPR.  

PAPR [5] is the basically depends on relation 

between the powers. It is denoted in terms of db. The 

system like orthogonal frequency division multiplexing [7] 

would obtain high PAPR which is compare to system with 

single carrier.  

Improved Imperialist Competitive Algorithm 

simply called IICA which aims to solve the nonlinear 

equations. In ICA [8], initial countries are defined using the 

initial population. In this population are getting select and 

bring out for evaluation to find the best countries. These 
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Abstract: 

            The project is about the blind people who can't move without a stick, so we thought of doing a smart stick for 

blind people which can sense the obstacles and make buzzer sounds so he can move forward with that, in addition to 

that, we add fire and water sensors it beeps with different intensities to get attention from it. we can use ultrasonic 

sensors for a variety of obstacles like a pit, wall, drainages, vehicles, people etc . whenever he forgot the stick 

through his mobile phone with an app on the home screen can speak to it and the stick responds through voice 

output like 'you forgot me here' with the help of Bluetooth connection. Apart from these things, there may be 

chances to meet with an accident then we connected vibrate sensor with certain intensity more than usual . If in case 

the vibrator sensor senses the accident level frequency we set before then it sends msg to relatives through GPS and 

GSM connected to the Arduino board. 

Key words: Ultrasonic sensor, Blind, GPS, GSM. 

I. INTRODUCTION 

International Agency for the Prevention of Blindness 

(IAPB) and WHO researchers found that there were 

285 million visually impaired people in the world, of 

which 39 million were completely blind. More than 

90% of the data comes from sub-Saharan Africa and 

other developing countries. One million Egyptians 

are blind, with 14% of them being children. 

According to the WHO and IAPB, the number of 

people who are blind worldwide is expected to 

double by 2020. 

Blind people have a hard time moving or living on 

their own. Consequently, they frequently employ a 

white cane to serve as a moving guide. Despite the 

possibility that it could be beneficial, there is no 

guarantee that it will protect blind people from harm. 

Using these traditional methods is only suitable for 

detecting low-level obstacles. 

1.1. Assistive Technology  

Disabled people rely on assistive technology to help 

them carry out everyday tasks, make their lives 

easier, and keep them safe while they are out and 

about. Personal care, navigation and orientation, and 

mobility assistance were all developed in the 1960s 

to assist people in their daily lives. 

Electronic devices that use sensors to help the 

visually impaired locate and identify objects in their 

immediate surroundings have made this assistive 

technology available to the blind. The sensors can 

help with mobility tasks by determining the object's 

dimensions, range, and height. Vision replacement is 

more difficult to categorise because it involves both 

medical and technological aspects. An ocular nerve 

or direct display to the brain's visual cortex can be 

used to replace vision [9-12]. Vision enhancement 

differs from "vision substitution" in that the camera 

input is processed and the results are visually 
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Abstract-- In millimeter multi-input multi-output 
(MIMO) systems, signal processing is critical to support 
the detection and estimation of next generation 
millimeter wave communication channels. Due to the 
large number of antenna arrays used in transmitter and 
receiver, as well as mixed signal and radio frequency 
power limitations, new MIMO communication signal 
processing techniques are required. Two realistic 
millimeter waves can be seen as key targets. 

 The first is the massive MIMO channel matrix, 
which is necessary in millimeter wave systems 
because they require more displays at source 
and recipient to achieve adequate connection 
edge. 

 Another point is that the sum of RF manacles 
that can be used in the set of transmitters and 
receivers is limited due to power and cost 
limitations.  

 From mmWave MIMO, this research provides an 
accurate two-stage channel valuation system. First we 
use basic Bayesian learning to get a rough estimate of 
the channel. By maximizing the probability function in 
the second stage, the performance of mmMIMO is 
improved in the second stage. Compared with 
competitors, the performance of the proposed system is 
significantly better, and the computational complexity 
is moderate.  

Key Words—Level Shifter, Sub Threshold Voltage, 
Differential Cascode Voltage Switch , Less Power. 

 

I.  INTRODUCTION 

The millimeter wave (mmWave) frequency band is at 
the forefront of high capacity consumer wireless 
communication systems. Most wireless user systems use 
transmission frequencies below 6 GHz, while millimeter 
waves use the range of 30 GHz to 300 GHz. For the next 
generation of 5G cellular systems, millimeter wave 
communication is a technology essential. In any case, due 
to cost limitations, each set of millimeter waves can only 
use a limited number of RF links [1-6].At the same time, in 
millimeter wave practice, the number of radio frequency 
strings is less than the number of antenna units.  

  This encourages researchers to study the shape of the 
crossbar in the millimeter-wave MIMO structure. The 
channel data is needed to understand the signal processing 
required in mmWave MIMO. Although there have been 
many studies on station evaluation of classic narrow-range 
MIMO systems, such as [7-11], the methods used are not 
suitable for millimeter-wave. In combination of a huge 
scale millimeter wave MIMO channel network the strings 
of radio frequency creates an extraordinary test for channel 
evaluation. To solve these problems, a variety of channel 
estimation methods have been developed for millimeter 
wave MIMO systems. The channel estimate is injected into 
the compressed sensing structure. Orthogonal match search 
is used for channel estimation through precise multiple 
combination technology. Two techniques for channel 
estimation and detection for mm wave MIMO system is 
proposed in this paper. 



2022 International Conference on Computer Communication and Informatics (ICCCI ), Jan. 25 – 27, 2022, Coimbatore, INDIA 

 

 
978-1-6654-8035-2/22/$31.00 ©2022 IEEE

A Study On Wideband Spectrum Monitoring Using 

NI USRP  
 

Laxmi Gouri Naga Sai Pratyusha 1, Kammela Keerthi1, Kora Sathvika Reddy1, Erukala Sai 

Sushma1, N Arun Vignesh1*, V. Ayyem Pillai1, N. Kumareshan2 

  
1Department of ECE, Gokaraju Rangaraju Institute of Engineering and Technology, Hyderabad 

2Department of ECE, Sri Shakthi Institute of Engineering and Technology, Coimbatore 
*arunvignesh44@gmail.com 

Abstract—Spectrum monitoring and signal analysis 

have various application areas, both civilian and 

defense. Spectrum monitoring is the bandwidth 

surveillance which is the study of a target signal 

group's frequency components which could be 

monitored in time as well as frequency varying 

fields. In this project we are implementing wide 

band spectrum monitoring using NI USRP Rio, 

LabVIEW. This programming language is often 

called ‘G’. Thanks to the advent of SDRs, there has 

been a tremendous leap in wireless communication. 

All the components that were previously 

implemented in complex hardware can be 

implemented using software. They are flexible and 

go beyond the ‘limited spectrum’ assumptions of 

previous radio systems designs. Spectrum monitor 

is an device that allows the user to get an idea of 

signals that exist in that spectral area and also can 

notice if any other frequencies are present. Here we 

are limiting ourselves to observe the FFT (Fast 

Fourier Transform) power spectrum. In presence 

of a new frequency, the FFT power spectrum shows 

deviation from its original quite form. 
Keywords—Spectrum Monitoring, NI USRP Rio, 

LabVIEW, SDR, bandwidth, programming, software, FFT 

I. INTRODUCTION  

Nowadays, there has been tremendous growth in 

need for faster data rate applications, which in return 

brought about the need for new technologies that can 

deal with wideband signal data[6-9]. Wideband 

provides high throughput data, range resolution, low 

latency and more accuracy but is also associated with 

increase in noise, which in-turn is causes complexity in 

text and uncertainties [1-3]. Many a times, it becomes 

essential to analyse and understand the behaviour or 

nature of the spectrum, essentially on the receiver side 

of a communication system. One of the convenient and 

simplest methods to monitor spectrum is by using Fast 

Fourier Transform (FFT) power spectrum.                                              

NATIONAL INSTRUMENT USRP RIO 

 USRP Rio from National Instruments is a low-

cost software that can provide unrivalled performance 

for the construction of 5G wireless communication 

technology. Universal Software Radio Peripheral is the 

expansion of the acronym USRP which is the family 

of NI devices, that contain a Field Programmable Gate 

Array (FPGA), such as the USRP-294x and USRP-

295x. The components include a cutting-edge 2x2 

MIMO RF Transceiver, as well as a LabVIEW 

configurable DSP-oriented Kintex 7 FPGA.  

The architecture of USRP Rio is shown in figure 1 [3]. 

Figure 1: Architecture of NI USRP Rio Devices 

 

 In a half U column installed sleek design, it 

contains 2 full-duplex broadcast and receiving channel 
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Abstract—A hypotheses underlying virtual 

environments have been focused on either a 

hard animal desire for freedom from the limits 

of the real world by accepting the digital world. 

Humans would be able to interact with all of this 

simulated space in a much more spontaneous 

manner right then and there, spawning new 

forms of human communication. Its goal would 

be to go above the conventional ways of 

collaboration in which most individuals do on a 

frequent basis, including the mouse and 

keyboard. All of that is viewed as an unreal 

method of operating because it requires 

individuals to respond to the needs of advanced 

technologies or is it the other manner only 

about. A online reality, but at the other hand, 

has the inverse result. This enables creating 

opportunities for more direct delve oneself 

together in visually stunning globe where they 

can discover using one‘s sensory perception. The 

above instinctual type of integration inside this 

reports indicate leads to innovative channels of 

information and comprehension. 

 

Index Terms  -  Augmented Reality, Virtual Reality, 

ZigBee,  

  

I  INTRODUCTION 

A. Embedded System 

 A subsystem is indeed a mix of computer 

software and hardware that will either be static in 

capacity or customizable and therefore is specially 

built for a certain purpose. From among numerous 

conceivable servers for a microcontroller include 

manufacturing machinery, vehicles, hospital 

instruments, webcams, household products, 

aircraft, commercial systems, and entertainment 

[1]. Customizable operating device have ui 

components, and mechatronic coding is a specialist 

vocation [2]. Because the automated process is 

devoted to certain functions, system designers may 

optimise it to decrease device relative cost while 

increasing availability and security. 

 

B. Simulation 
These ideas underlying virtual technology 

were founded upon "a longstanding natural urge to 

transcend the limits of the current world" by 

adopting internet. There and then, people will be 

able to engage with this simulated space in an even 

more lifelike fashion, tailored to specific features of 

social communication. [3-6]. The Immersive 

Virtual device was created to address new kinds of 

brain connection. This advantage enables 

framework developers to easily, quickly, and 

perfectly incorporate a CPU with computer 

networks using UART. 

 

C. Features of Embedded System 

 

• An esp32 controller performs a single job 

and therefore can be configured to do 

other tasks [7-8].  

 

• Digital logic possess relatively scarce 

resources, notably storage. They often lack 

auxiliary memory chips like as CDROMs 

and floppies [1-3].  

 

• Microcontrollers will have to meet certain 

timeframes. Certain tasks must be 

accomplished over a certain timeframe. 

Dead lines are strictly enforced in certain 

integrated devices, referred to as real time 

systems. Overlooking hard zones can 

result in a disaster—loss of lives or 
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Abstract— A power effective and quick LS (Level Shifter) 
is proposed using cross couple structure. The designed LS 
will help to overcome the drawbacks of previous LS by 
utilizing cross coupled structure at the pull-up area, it will 
help circuit to increase its functional speed and power, 
energy needed for circuit is also decreased. Comparing to 
existing ones, the proposed LS need very low number of 
components to design and sizes of these components are 
minimized. This will help to lower the area required by LS. 
The advantage of proposed LS is it performs constructively 
when the input is lower than the Vth and offers very low 
delay. These simulations are performed by using LT spice 
tool which is of 180nm technology. The power utilization 
and overall delay of designed LS is 149.5nW and 23.6ns for 
1 MHz and 0.4V/1.8V. 

 
Keywords— Level shifter; sub-threshold; current mirror; 

leakage current. 

 
By giving the various supply source voltages, the minimum 
needed connections among different blocks are created by 
utilizing these LS. LS’s must change less level of logics to higher 
levels of logic [3-5]. In between blocks LS is used as a bridge, so 
LS’s may have chance to needed in very high quantity, hence it 
must be fast and make sure utilize low energy. By growth in 
technology one can lower the supply source voltage of 
components below its Vth, hence LS’s must function for less 
supply source voltages. 

 

I. INTRODUCTION 

In the recent past by lowering the supply source voltage in 
electronic systems and electronic circuit will lower the SC 
(Short circuit) power. From the circuit’s movement required 
dynamic power is achieved. Basically, the supply sources 
required are two, the first one is SC current and second is 
interchangeable capacitance. Above are the two major reasons 
for developing dynamic current and is produced by capacitor, 
when it is discharging and charging. While the two PMOS 
components and NMOS components are in dynamic state and 
leakage SC occurred in the circuit will results in loss of power. 
The power is calculated by the following expression 

 
Pswitching = α. CL. V  2. fclk (1) 

 
Where α is factor of change. There are number of 
methodologies which can lower the dynamic current for 
instance lowering the size of component (here size of 
components are controlled by changing by value of width), 
reordering of components (here position of components are 
revised), swings in clock, by interchanging the pattern of 
components and by having various supply source voltages [1]. 
By lowering down supply source voltage will cause 
functioning of the circuit and its quickness is affected. To stop 
this cause from happening, various supply source 
methodologies can be used [2,3]. 
 
 

 
 
 
 
 
 
 

Fig 1: DVCS based conventional LS. 
 

 

 
              Fig 2: Current mirror based Conventional LS 

 
Figure 1 displays, DVCS based conventional LS and 

Figure 2 displays current mirror based Conventional LS 
respectively. Major drawback of existing LS utilizing 
architecture of CM is, the interaction between components 
is not up to the level. The proposed design will overcome 
this advantage.                                                       .                                     
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Abstract—With the advancement of the Computer 
Technology classification of Medical Images has become more 
viable. Use of the traditional features has made the system to lose 
the ability to represent the higher-level domain problem. Deep 
Learning models had paved a way for the development of a 
generalization ability even for the poor models. Medical Images 
have high resolution and availability of the dataset are also 
small, making these Deep Learning models deteriorate from 
various limitations and huge computational costs. In this paper a 
model is proposed a profound learning model that incorporates 
Convolutional Neural Network (CNN), Naïve Bayes, Support 
Vector Machine (SVM) and Multilayer Perceptron (MLP), which 
consolidates high level features that are separated from a CNN 
model and some chosen conventional features. The development 
of the proposed model incorporates the accompanying advances. 
To start with, a CNN is trained in a supervised manner and the 
outcome is that it can program the raw pels of Images into 
include vectors that address undeniable level ideas for 
characterization. In the next step, a bunch of chosen customary 
features dependent on foundation information on medical images 
are extricated. At last, a proficient model that depends on Neural 
Networks to intertwine the diverse element bunches acquired in 
the previous steps is proposed. The datasets used for the 
evaluation of the model are HIS2828 and ISIC2017. A general 
classification accuracy of 97%and 96%, separately, which are 
higher than the current techniques are accomplished. 

Keywords—Classification, Deep Learning, Feature 
extraction, Multilayer Perceptron, Naïve Bayes, Support Vector 
Machine 

 

I. INTRODUCTION  

In general, the Brain Tumor can be divided into two 
stages primary and secondary. Here primary stage is Benign 
where it is in the starting stage and the secondary stage is 
the Malignant stage. This stage is dangerous as in this stage 
the Cancer has spread to the other parts, and it  is d ifficu lt to 
control the disease.  Brain  Tumor is defined as the 
uncommon growth of tissue due to the uncontrollable 
growth of cells [1]. The Tumor can be graded as Grade 1 to 

Grade IV as per the American Brain  Tumor Association and 
WHO. Grade III and IV Tumor ind icates a high-grade 
Tumor. Grade I and II are the low quality Tumor. If the 
inferior frontal cortex Tumor is left untreated, it is 
presumably going to shape into a high-grade mind Tumor 
that is an unsafe frontal cortex Tumor [2]. Patients with 
grade II Gliomas require consecutive checking and 
discernments by alluring Resonation Imaging (MRI) o r 
enrolled Tomography (CT) channel every 6 to a year. 
Frontal cortex Tumor may affect any individual at whatever 
stage throughout everyday Life, and its impact on the body 
may not be a comparable thing for every individual.  

The liberal Tu mors of low quality I and II Glioma are 
seen as restorative under complete cautious excursion, while 
undermin ing frontal cortex tumors of assessment III and IV 
class can be treated by radiotherapy, chemotherapy, or a 
blend thereof. The term compromising Glioma consolidates 
both grade III and IV Gliomas, which is in like manner 
implied as Anaplastic Astrocytomas. An Anaplastic 
astrocytoma is a mid-grade Tumor that displays surprising 
or inconsistent turn of events and an extended advancement 
record diverged from other inferio r Tumors. Besides, the 
most compromising sort of Astrocytoma, which is moreover 
the most raised assessment Glioma, is the Glioblastoma [3]. 
The uncommon fast advancement of veins and the presence 
of the defilement (dead cells) around the tumor are 
perceived Glioblastoma from the wide scope of different 
assessments of the Tumor class.  

Assessment IV Tumor class that is Glioblastoma is for 
each situation rapidly improving and significantly perilous 
sort of Tumors when diverged from various assessments of 
the Tumors. Feature Extraction is a process in which the 
features are extracted from the Images and these features are 
used by the classification algorithms to classify the Images. 
Features are low level such as Edge, Color and Texture are 
useful in classifying the Images. Feature selection is a 
process in which  the important features are identified so that 
the classification accuracy can  be increased, and complexity 
can be decreased [14]. High level features extracted from 
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Abstract— This concise presents a quick and power efficient 
level-shifter (LS) using cross coupled network. This technique 
will eliminate the drawbacks of conventional LS using cross 
coupled network in the pull up region, this will make circuit to 
run fast and power required is also reduced. Compared to 
previous LS’s the proposed level-shifter consists of less number 
of elements and their sizes are comprised to minimum, this will 
decrease the area of LS. The existing LS cannot convert voltages 
below VTH and the voltage range offered is less and power 
utilization is more. In order overcome this with the use of 
crosscoupled network in the pull up region, the high switching 
speed achieved. By decreasing the transistor size, voltages are 
converted below VTH and energy utilization is decreased. To 
design a high speed and low power LS by using RCC in pull up 
region. It is used in low power applications such as implantable 
medical components. Proposed level-shifter functions effectively 
with less delay for inputs below the sub threshold voltages. For 
simulations LT spice tool of 180nm technology is used. The total 
delay and power utilization of the proposed voltage LS for 
0.4V/1.8V and 1 MHz are 21ns and 76.34nW. 

 

Keywords— Level shifter; sub-threshold; current mirror; 
leakage current. 

I.  INTRODUCTION  

Level shifter in electronics field is called logic LS or called 
as voltage level converter, this circuit used to convert signals 
from one logic stage to another logic stage, which is adaptable 
between ICs with various voltage specification, like CMOS 
and TTL. Present systems utilize level shifters to cross 
domains in between logics, sensors, processors and various 
circuits. At present years, the more common logics are 1.8V, 
3.3V, and 5V, though the higher and lower levels such 
voltages are utilized. 

 
Multiple voltage supply methods require LS depends on 

signals which change from one level to another voltage level. 
Signals which cross voltage stages cannot be sampled exactly 
without the level shifters. It is recommended that ideal 
methods are utilized in the flow design to recognize missing 
LS and finds out the missed one’s which saves time while 

simulation and debugging. LS is added to make sure that 

blocks which are operating at various voltages would work 
properly when connected together in SoC. LS makes sure that 
particular drive power and timeframe such as switching 
signals from single stage to another voltage stage. Level 
shifters are installed at the beginning or start of the phase. Any 
signal that exceeds the MSV power source must have a 
standard shift attached. Although the transition from high to 
low power station is often optional, the conversion rate from 
low power to high power is compulsory. LS is placed near to 
the power based boundaries. It can be placed either at top or 
bottom or at the centre line of LS. 

In recent days by decreasing the power supply voltage in 
digital systems and circuit will decrease the leakage power 
(short circuit, static and dynamic power). The requirement of 
dynamic power is developed from the movement of the circuit. 
Generally, the sources are two, one is short-out current and the 
other one is exchanged capacitance. These are main reason for 
dynamic power and it is occurred from discharging and 
charging of the capacitor. When both the PMOS transistor and 
NMOS transistor are in dynamic and the SC occurring 
between the ground and supply will cause the leakage power. 
The power is given as 

 
           P  = Iavg .Vdd

2
                (1) 

 
Here α is changing factor. There are many techniques that 

can decrease the dynamic power like transistor sizing (here 
transistors sizes are changed by controlling its width value), 
transistor reordering (here the revising of transistors is done), 
half clock swings, changing the structure of logic gates and by 
providing multiple power supply voltages [1]. But bringing 
down the power supply voltage will affect the quickness of 
circuit and its performance. In order to avoid this effect, we 
can use multiple power supply methods [2,3]. By providing 
the multiple power supplies, the required connections between 
the blocks are obtained using voltage LS. These LS’s should 

convert low logic to up logic or voltages level. Hence, as LS’s 

are using as intermediate blocks, these may be required in high 
in number so it should use less power and it must be fast. With 
increasing in technology for decreasing the low power 
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Abstract— In India, energy meters are electro-mechanical 

and postpaid. The main drawback of this approach is that a 
person must walk from street to street, reading each house's 
energy meter and giving out the charges. According to that 
reading, the bill was paid. Even when bills are paid on time, 
issues like an over-billing amount or a provider warning are 
common. To overcome this problem, we proposed an IoT-
based prepaid power recharge unit that will integrate with 
ordinary household energy meters and be capable of counting 
down energy use and switching off the main supply once the 
energy usage countdown hits zero, and a data collecting 
system using IoT. The recharge info and energy usage from 
the recharge station are saved in a Data Acquisition server 
connected to the energy meters to control the main power 
supply and monitor power consumption in real-time. 

 
Keywords— IOT; energy meter; prepaid; data 

acquisition. 
 

I. INTRODUCTION 

The As a result of post-paid connections, the consumer 
has a number of concerns. Prepaid power connections are 
often suggested as a viable solution to this issue 
Consumers will need to recharge the quantity of energy, 
they need to consume in this prepaid electricity meter 
circuit [1]. For this prepaid system to work, household 
electricity meters are to be equipped with a module that can 
identify the amount recharged by the consumer and tally 
down the amount recharged to zero depending on the 
electricity usage [2]. The main supply is automatically 
switched off when the meter count hits zero, and it may 
only be turned back on after the next recharge [3]. 

This concept was introduced using Arduino, a GSM 
board, and a node MCU [4]. We can refresh our energy 
balance by using an internet gateway [5]. The electricity 
supply link to the residence is automatically terminated if 
the balance is low or zero. Through the node MCU module, 
this device may also send energy consumption notifications 
from the meter to the substation at regular intervals, as well 
as alerting users about low balance, cutoff, and other 
difficulties [6]. The current system only gives customers 
feedback on how much power they have consumed in the 
form of a bill at the end of the month. The consumer has no 
way of tracking their energy usage in real time. Consumers 
are increasing at an exponential rate, and the load on 
electricity distribution divisions is also increasing. And in 
the current energy meter as shown in Fig. 1, chances of  

 
fraud and meter tampering also possible.  

II. MOTIVATION 

 The concept of a prepaid entry system has been 
introduced in many countries. This notion is founded on 
the principle of "pay first, utilize later." From the 
perspective of the consumer, the concept is appealing 
because there is no fear of disconnection and 
reconnection for any reason.  

  The Electricity Board is unable to keep track of 
consumer usage of power under the current billing 
method (postpaid). Even if bills are paid on time, the 
consumer faces issues such as receiving late bills for 
payments that have already been paid [7] as well as 
inadequate electrical supply and quality [8]. Also, many 
researchers explored ways to reduce the interconnect 
length which in turn reduce the energy requirement of 
system [15]- [20]. 

III. EXISTIG SYSTEM 

The local state electrical board is in charge of 
energy distribution and maintenance. A user's electricity 
usage is computed by multiplying the number of KWH 
consumed over the course of a month. On the metre, this 
reading is saved locally. This reading is taken manually by a 
worker from the power board who goes door to door. This 
information is then transmitted to the head electrical board 
for evaluation, after which an evaluation bill is prepared 
based on the monthly readings. 

 
Fig. 1 Existing System. 

The customers then pay their charges using their preferred 
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Abstract— As per Moore's law, the dimensions of any system 
have been permanently scaling down to achieve the efficiency of
Integrated Circuit (IC) since many decades. ICs have been 
waiting for a planar platform for a long time during their 
careful scaling. In the past few years, there have been two big 
requests. The primary demand is that the measurements of all 
devices have nearly reached a snag. Limiting the interconnect 
delay output of complete circuits or systems is the secondary and 
most significant demand. The most critical and real limitation is
that there is none, but the interconnect delay is almost 
undistinguishable to that of the units. New interconnecting 
materials, as well as experimental architectures, must be
designed to meet the demands of device efficiency. New 
integration methods called Three- Dimensional IC (3D IC) have 
been introduced to reduce interconnect delays. Noise coupling is
a big issue in 3D IC. As a result, several researchers have applied 
and verified various materials through TSVs and substrates to 
minimize noise coupling issues. This paper presents an extensive 
survey on noise coupling reduction and future direction towards 
improvement of coupling issues in 3D IC.

Keywords—3D IC; ETSV; Noise Coupling; Perylene-N;
TTSV; Three-Dimensional. 

I. INTRODUCTION
The successful transition from IT (Information 

Technology) to IoT (Internet of Things) has resulted in a 
rapid advancement in the ability to fit more functionality into 
a single Si chip. Since millions to billions of transistors are 
used, the issue of interconnections becomes more 
complicated. Till not many years prior expanding the 
quantity of interconnecting layers become a helpful 
arrangement however because of their parasitic capacitance, 
exceptionally elevated thickness interconnects in extending 
interconnect delay [1]. As a result, interconnect delay has 
become nearly equivalent to semiconductor deferral, and it 
has become a difficult in more scaling. To decrease the 
interconnect, defer the most ideal alternative is to search 
accelerative for a potential arrangement. Along these lines, 
for this the best arrangement is to utilize conspicuous 
innovation which relies upon their estimation and it is
broadly known as 3D IC [2]. 

As a result, it has become a test for downsizing 
semiconductors by concentrating on signal postponement 
caused by interconnects rather than semiconductor execution. 

The interconnect delay enhancement was attained 
meritoriously by offering innovative engineering models, but 
their assistance became limited. The two major boundaries, 
gate delay and RC delay/signal defer, will specifically 
choose most active frequencies in this cutting-edge IC. The 
most common technique for reducing semiconductor delay is 
to calculate the system proportionally down. Lower 
interconnect delay would result in increased speed and 
bandwidth [3] – [5]. The main motivation for this 3D IC 
integration is that the electrical signaling between TSVs and 
Si substrate is very weak, resulting in noise coupling 
disruptions between aggressive and victim TVs, as well as
between operational devices and substrate. A logical 
approach is used between TSVs and the Si substrate to solve 
the issue of noise coupling. 

Noise coupling and heat are two issues that arise in
modern IC integration approach called 3D IC. Presently a-
days TSV's assumes a significant part in 3D IC 
reconciliation. TSV's are significantly arranged into two 
categories, ETSV (Electrical TSV) which transports 
electrical signal and TTSV (Thermal TSV) which transports 
heat form heat source to sink. 3D IC has major drawback of 
electrical signal interference between aggressive (current 
carrying TSV) and sufferer TSV's (grounded TSV). Due to 
the electrical signal interference system performance get 
degraded drastically. 

This paper mainly focuses on the roadmap to decrease 
noise coupling between belligerent TSV and ground TSV. 
Many researchers have proposed various techniques to
encounter the electrical interference between the aggressive 
TSV (ETSV) and sufferer TSV’s by either shielding them or
by choosing low constant dielectric material as liner, or by 
creating different TSV structures like Dielectric-metal- 
Dielectric structures. In the next section the brief report on
the techniques adopted by researchers explored. 

II. LITERATURE SURVEY 
Metal, TSV, and RDL interconnects are the three types of

interconnects used in 3D silicon interposer structures [6]. 
Individually and collectively, the study of these interconnects 
has been measured and checked. This examination 
additionally comprises of electrical qualities of coupling 
noise among all the interposers, this construction is
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Abstract—This paper explains a model that reflects 
technical development where computers and humans interact 
through voice UI. This model contains the code that uses 
comparisons between the common pitch of a recorded .wav file 
with that of test signal file. The vector differences between 
formant peaks within the Power Spectral Density of every file 
and most accurate one is detected. Feature extraction is 
obtained using MFCC. These features are trained using Vector 
Quantization for pattern matching [5]. Once signal matched 
then MATLAB code will send signal to the microcontroller 
unit via serial communication, so that microcontroller will 
control door open and close with time delay and send feedback 
message to user using Internet communication [1]. These entire 
operation users can monitor from remote location using 
BLYNK IOT application. So that this system will provide high 
security based locking systems for houses, banks etc.

Keywords—IoT, voice user interface, power spectral density,
mel frequency, Vector Quantization, Speech recognition. 

I. INTRODUCTION

Voice recognition is one of the essential technologies to 
provide security and validate authenticity of a user [7].
Basically our home needs to be safeguarded and monitored 
whenever we are away from it. There are many locking 
technologies such as Biometric door locks or smart locks, 
which requires a person’s biometric access, to antilock. But 
even stealing a person’s finger prints is not a tough task these 
days, so in such cases this smart-lock system may fail. Hence 
in order to ensure the safety of our property, a simple and 
safe approach has to be followed. One as such is speech 
recognition, in which a lock opens by detecting the voice of 
an authorized user. Speech recognition is widely used in 
security applications, where you need to access your Pc by 
providing speech sample as password. This system stresses 
to identify the voice of the user irrespective of what he is 
saying. So it acts as a text-independent recognition system 
[10]. Hence we could able to develop a system, where 

machines can distinguish voice signals and respond 
accordingly. 

II. PROPOSED ARCHITECTURE 

Fig. 1. Proposed Architecture. 

The proposed architecture of speech recognition based 
door locking system is shown in Fig 1, whose components 
are described in the below section. 

A. Components 

The circuit consists of the following hardware 
components: 

1. Node MCU 

2. power supply unit 
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a b s t r a c t

Complementary metal oxide semiconductor (CMOS) devices are expected to face new challenges such as
exponential current leakage, DIBL, hot carrier effects, and etc. at nano scale. Hence the CMOS technology
is being supplanted by the nanotechnologies. Quantum-dot Cellular Automata (QCA) is key technology at
nano scale which operates at tera hertz of speed. Comparing with the traditional CMOS technology, the
QCA technology has low power consumption and high density. This technology also has a unique
methodology such as ‘‘processing in wire” and ‘‘memory-in-motion”. This work confers an area proficient,
high speed full adder (FA) design with efficient clocking. The proposed full adder design comprises of 26
Quantum cells with delay of two clock phases, area occupancy of 0.03 mm2. This paper utilizes the unique
characteristics of QCA and the proposed Wallace tree multiplier is implemented with the mentioned FA
and is designed by using QCA Designer 2.0.3 tool.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Advances in Materials Research – 2019.

1. Introduction

Because of the advancements in the VLSI technology, we need
to design transistors having dimensions less than 32 nm [1]. The
CMOS technology is concerned with the problems such as sub-
threshold leakage currents, heat, lithography etc. Various alterative
techniques have been developed by researchers that can anticipate
the problems occurred with CMOS devices. Even the ITRS road map
had recognized some novel technologies like Resonant Tunnelling
Diodes (RTD), Single Electron Transistor (SET), QCA, and Carbon
Nano Tubes (CNT), which could replace the traditional CMOS tech-
nology. According to ITRS, QCA is regarded as the prominent tech-
nology. It was proposed in 1993 by Lent et al. [2]. The Quantum cell
is the basic unit of design in QCA. The Quantum cell is a square like
nanostructure comprising of four dots arranged at its corners. In
these two are electrons which are diagonal to each other due to
columbic interactions. This technology operates by a phenomenon
called Columbic repulsion.

Arithmetic operations play a crucial responsibility in eco-
nomics, mercantile and many domains. Multipliers are considered
as one of the most important computational block in signal pro-
cessing. The studies proved that one of the effective ways to reduce
the multiplication complexity is by the use of Wallace algorithm.
This work confers an area proficient, high speed multiplier based
on Wallace algorithm which is used to reduce the complexity,
delay and cell count by using an innovative full adder suggested
in the previous works [3].

The manuscript is further organised as follows. Segment 2 pre-
sents the basic concepts of QCA cells. Segment 3 introduces the
clocking process in QCA technology. Segment 4 describes the wire
crossings in QCA. Section 5 explains the basic gates’ design using
QCA. Section 6 introduces the proposed QCA one bit FA layout.
Wallace tree algorithm is explained in segment 7. Segment 8
describes the proposed layout of Wallace tree using QCA. Results
and discussion is done in Section 7.3. Section 8 gives the conclu-
sion. The scope of this paper is to develop the commonly used mul-
tiplier architecture in an optimized area using novel
nanotechnology like QCA.
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Cluster Formation Algorithm in WSNs
to Optimize the Energy Consumption
Using Self-Organizing Map

Padmalaya Nayak, GK. Swetha, Priyanka Kaushal, and D. G. Padhan

Abstract Wireless Sensor Networks (WSNs) are considered as one of the most
prevailing technologies in today’s world due to the diversified applications. These
applications are huge in the range such as environmental monitoring, health care,
civil and military, disaster management to other surveillance systems. Minimiza-
tion of energy is one of the most exciting tasks in WSNs as small sensor nodes are
battery powered and deploy in remote environments. Clustering is one such imper-
ative technique that can conserve energy more broadly, and evenly which makes the
network operational for a longer period. This research paper aims at developing an
energy-aware cluster-based routing protocol using Artificial Neural Network (ANN)
which finds an optimal number of clusters and rotates the cluster head periodically
to balance the energy consumption throughout the network. Typically, the proposed
algorithm is developed based on Self-Organizing Map (SOM) to form the clusters,
and the K-means algorithm is used to form different sizes of clusters. Finally, an
optimal number of clusters is found that impacts the network load and balances the
energy consumption. MATLAB is used as a simulation tool for experimental analysis.
Simulation results prove that the proposed cluster-based routing protocol “LEACH-
SOM” dominates the traditional LEACH routing protocol in terms of minimal energy
consumption and makes the network active for long period.

Keywords WSN · SOM · K-means · LEACH

P. Nayak · GK. Swetha (B) · D. G. Padhan
Gokaraju Rangaraju Institute of Engineering and Technology, Hyderabad, India

P. Nayak
e-mail: padmalaya@griet.ac.in

P. Kaushal
Chandigarh Engineering College, Landran, Mohali, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
P. Nayak et al. (eds.), IoT and Analytics for Sensor Networks, Lecture Notes in Networks
and Systems 244, https://doi.org/10.1007/978-981-16-2919-8_2

11



 

   
Characterization of Bifacial Passivated Emitter 
and Rear Contact Solar Cell 

 

1Dr. Suresh Kumar Tummala *, 1Dr. Phaneendra Babu Bobba, 2Dr. 
Satyanarayana Kosaraju  

1Electrical Engineering Department, Gokaraju Rangaraju Institute of Engineering & Technology, Hy-
derabad, INDIA 

2Mechanical Engineering Department, Gokaraju Rangaraju Institute of Engineering & Technology, 
Hyderabad, INDIA 

 

sureshkumar255@gmail.com 

*corresponding author 

Abstract   Passivated Emitter and Rear Contact Cell (PERC) defines a new archi-

tecture of solar cell which differs from standard cell architecture. PERC enables to 

enhance light capture at the rear surface and to optimize electron capture. This leads 

to increase (or) achieve better efficiency than when compared with standard cell 

which are reaching their physical limits. In this paper, characterization of bifacial 

p-type PERC solar cell with various proportions of tallness and width, back Silicon 

Nitrate layer with various thickness are streamlined and most elevated back produc-

tivity of bifacial solar cell (~22%) was obtained at AM1.5, 1000W/m2, 260C stand-

ard test condition. 

Keywords—PERC; Bifacial; Finger; Generation Profile; Reflection; 

Absorbtion. 

 

NOMENCLATURE 
 

PERC  Passivated Emitter Rear Contact 
LCOE  Levelized Cost of Energy 
c-Si   Crystalline Silicon 
PV   Photovoltaic 
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5.1 INTRODUCTION

Electricity has become indispensable in our daily life. In every walk of human life,
electricity is being used for various applications such as transport, illumination,
cooking, freezing, cooling, and several other applications. Most of the appliances
in residential, commercial, and industry sectors are run on electricity. The usage of
electricity usage keeps on increasing with a positive gradient every day. To meet the
exponentially raising demand, a parallel amplification of energy generation needs to
be done as demand will also inflate with the increase of population. This could be
observed by looking at the predictions about the number of units required to meet
the exponentially raising demand and growth rate of 8% and 7%, respectively, for
the upcoming 5-year plans in India alone as shown in Figures 5.1 and 5.2.

The majority of electrical energy is produced using three physical phenomena,
namely, electromechanical, chemical, or photovoltaic effects. Electromechanical ef-
fect was the most popular among the three, and nearly 70% of the electrical needs
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THD Optimization with Low Switching Frequency 
Control for 15-Level Reduced Switch Asymmetric 
Multilevel Inverter 

 

Gireesh Kumar Devineni, Aman Ganesh*, Neerudi Bhoopal & DSNMRAO 
 

Abstract. The Switching modulation techniques of high switching frequencies are 
not recommended in medium voltage drive applications with a power of megawatts 
because of high power losses and low converter performance. Fundamental strategies 
like selective harmonic elimination (SHE) are a popular alternative. Since the 
transcendental equations formulated by, SHE is simply non-linear in nature, it has 
proven to be an important challenge for the scientists to achieve a viable solution on 
the desired modulation index. This article presents the comparison analysis of the GA 
and PSO approach with good initial guess and its hybrid optimization of PSO-GA is 
used for solution of the SHE equation set to various modulation index values. The 
%THD generated at various modulation index values is also consistent with the 
harmonic standards of IEEE 519-1992. 

 
Keywords: GA, PSO, PSO-GA, Hybrid algorithms, THD, SHEPWM   

1   Introduction 

Multilevel inverter technology has grown in popularity in recent decades due to its 
advantages of producing increased levels of output voltages using less power switch 
requirements for medium voltage and high-power applications. Multi-level inverters 
are currently available in three topologies: DC MLI, CHB MLI, and FCMLI. H-bridge 
MLI is typically favored for various industrial uses among all these topologies[1]–[3]. 
Low frequency switching and high frequency switching controls are two types of 
modulation techniques used to control multilevel inverters [4].  The following effects 
can be caused by high frequency modulation in inverters, such as carrier-based pulse 
width modulation schemes. 

 
 Reduced system efficiency due to increased thermal losses. 
 Motor bearing failure and insulation damage in case of drive control due to 

high dv/dt. 
 Effect of electromagnetic interference due to the power frequency of side 

bands in the order 10-30 KHZ. 
 Ripples & Harmonics in voltage and current waveforms. 

 
However, low frequency switching modulation methods such as SHE has 

key features, like the less thermal loss, control on harmonic o/p voltage and a better 
harmonic profile. To generate an optimal solution at a specific modulation index for 











 

A study of Comparative analysis of fuzzy logic controller and 
neural network for dc–dc buck converter  
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Abstract. This paper presents the comparative analysis between fuzzy logic controller and neural network 
for DC-DC Buck converter. The major drawback in the conventional buck converter is when the input 
voltage or load change, the output voltage also changes which reduces the overall efficiency of the buck 
converter. So here we are using non linear controllers for buck converter which respond quickly for 
perturbations and maintains the fixed load voltage even when there are non-linearity’s occurs compared to a 

linear controllers like P,PI,PID controllers which can’t withstand when perturbations occur. Simplicity, low 

cost and adaptability to the complex systems without mathematical modeling are the best features of Fuzzy 
Logic controller and neural networks. The Two implementations are analyzed in detail and simulated in 
MATLAB/SIMULINK environment and results presented. Proposed approach is implemented on DC to DC 
step down converter for an input of 230V and performance characteristics like maximum overshoot, settling 
time and efficiency of the converter are studied. 

 1 Introduction 

The design of dc-dc buck converter is to maintain a 
constant output voltage under the different load current 
and unregulated input voltage. The transient overshoot 
and recovery time of the output voltage should be 
minimized for stable operation in many electronic 
applications, which is ensured by the controller in the 
closed loop [1]. Classical controllers like PWM control, 
proportional (P) controller, proportional integral (PI) 
controller, proportional integral derivative(PID) [3] 
controllers only provides results which is either true or 
false. These controllers don’t provide adequate results 

when there is nonlinearities in parameters or load. 
Recently, several methods have been proposed in the 
literature to alleviate the deficiency of the classical linear 
controllers for power converters. So non-linear controllers 
like fuzzy logic controllers and neural network etc are 
most widely used. 

Now a days we are facing situations where we are 
unable to determine whether the state is true or false. 
Term “fuzzy” describes something that is non-linear or 
indefinite. Fuzzy logic is based on the observation that 
people make decisions based on imprecise or non 
numerical information. Neural networks are the set of 
algorithms inspired by the functioning of the human 
brain.So we are using non linear controllers for controlling 
the non-linearity’s in the load because it responds faster to 

a transient condition, easy to design and implementation 

[4]. So here proposed controllers are used to stabilize buck 
converter’s load voltage in transient state conditions [6].  

2 Buck converter 

The DC-DC buck converters are efficiently reduces the 
voltage levels as per our requirement. The basic circuit 
diagram of the Buck converter is shown in Fig.1. Here the 
MOSFET is controlled by duty cycles which are given by 
the non-linear controllers. 
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Fig 1. Circuit Diagram of DC-DC Buck Converter 
Here, V0 is the output voltage, VL is the inductor 

current, IC is the capacitor current, VC is the voltage across 
the capacitor. 

The modes of operation of buck converter are 
explained below. 

Mode 1: When switch is closed, the current in the load 
and the charge of a capacitor is increase gradually because 
the energy also being stored in inductor. Throughout this 
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Frequency Analysis of Grid Connected EVS by using Artificial 
Neural Network (ANN) 
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Abstract. The vehicle-to-grid (V2G) model is able to provide the power-systems that have been built to 
incorporate the hybrid electric vehicle model on a wide scale with distributed reserve. The authors 
suggested an amended V2G control model that would concurrently manage different renewable power 
sources, vehicle idle time and electricity generation on a vehicle consumer day basis. In respect of the 
desired status of battery and the detected plug-on terminal, vehicle-to-grid power is tested. This article 
presents an intelligent decision- making system based on an artificial neural network (ANN) that uses data 
logged by the M2MAMI for the planning and management of electricity charge. The ANN has been 
trained with household energy usage and EV energy requires the data and convention to determine when to 
charge the vehicle (G2V) or to discharge it (V2G). Charge Terminology, Electric Cars, Energy storage, 
Neural Network. Charge Scheduling. In this paper, MATLAB/Simulink implements the proposed control 
block. Different virtual images evaluate the performance of the control structure, interface, 
communications, device efficiency and time responses. 

1.Introduction 

Cars offered a comfortable lifestyle to society. 
Personal cars are preferred for freedom, protection and 
comfort over other modes, whereas travelling along 
greater distances is suitable for rail, aviation, etc. 
Without these carriages, animals would have drawn 
humans. Inventions, such as mechanical vehicles, 
balloon vehicles, steam-powered vehicles, push bikes, 
flights, helicoppers, aircraft etc. have reached up to 
one billion since 1350, in earliest known railway 
record. While these transport modes have generated 
many businesses, the environmental impacts they have 
had are devastating. And before they start moving, 
they use a lot of resources. The consumptive fuel and 
waste of the greenhouse, as well as other gases causing 
pollution such as carbon monoxide, nitrogen oxides 
and etc., are the main risks as the oxides of nitrogen 
and the hydrocarbons are reacting together trendy the 
event of sunlight leading to the rise in the ground-level 
ozone. The transport sector primarily includes 
domestic combustion vehicles with an energy 
efficiency of up to 20%. 
The other big effect of transportation is the mixture of 
petroleum in much of the world, such as 
environmental concern for fuel consumption, high 
petroleum prices and the potential for peak petroleum. 
In the mid-19th century, one solution was found to the 

threat posed by automobiles. This led to the demand for 
production of the cleaner alternative fuel or unconventional 
vehicle power systems. Although internal combustion 
engines remained the predominant motor vehicle power 
system for the next 100 years, electricity was used in 
different types of trains and smaller vehicles. Due to 
technological advances the electric vehicles (EVs) began to 
emerge as the burden of renewable energy was to change. 
When people came up with the concept, demand grew and 
engineers started sharing technical information to make 
electricity conversions[2-3]. Different kinds of EVs 
classified as their energy sources by the degree of electricity 
have appeared in industry. The major classes include: 
Electric Vehicle Batteries (BEV), Electric Hybrid Vehicles 
(HEVs) (PHEVs). Petrol and electricity are powered by 
HEVs. Regenerative braking produces the electric power to 
be used. This is a mechanism that helps to slow the vehicle 
down by the electric motor. It uses the energy transferred 
by the brakes to heat. You begin using the electric engine, 
followed by the gasoline engine as the cargo or the speed 
increases. The two engines are regulated by an internal 
computer that ensures the best driving performance. PHEVs 
are the same as HEVs, only distinction lying in another 
charge mode, namely, relation to the external power 
supply. The petrol engine expands the range of the car and 
when it gets low the battery also recharges. BEVs are 
completely EVs; i.e. they are only powered by electricity 
and have no fuel, oil only powered by electricity  and have 
no fuel , oil or exhaust tube. They load either through
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Abstract. This paper provides a Artificial Intelligent controller layered to analyze the power system's 
logarithmic load frequency control problems. The control system ensures the preservation of steady 
frequency errors and of inadvertent bonding in a tolerance limit. The proposed control system was developed 
for a two-area hydrothermal heating system. The approach to control design is based on the two-degree 
internal model control (2DOF), which combines the fuzzy control technique for model order reduction to 
increase frequency excursions. Different techniques of the two-area reheating hydraulic energy system are 
integrated into the scheme and a correct combining of energy resources is seen in different operational 
conditions as a pragmatic solution. The IMC- FUZZY-PID architecture of the reduced order model, proposed 
with the original high order framework, delivers strong dynamic response and load sturdiness. 

 

1 Introduction 

Due to quick load disturbances, uncertainty of technical 
constants, operational differences, etc, performance can 
deteriorate in a broad power system. A ruggedness and 
reliability of a load frequency controller (LFC) for huge-
scale systems are therefore extremely critical. However, 
due to its complexity, non-linearity and higher order, it is 
very tough to build the powerful controller in a wide-
ranging, power system. a fundamental burden of a 
systems in a current power system scenario is 
maintaining equilibrium between electricity generation 
and a demand for electricity, in order to provide 
consumers with high-quality and reliable energy. 
Differences in energy demand can influence a power 
flow of a connecting line connecting control areas as 
well as a frequency of electrical services. As the result, a 
Large Frequency Controller (LFC) is configured to 
organize a system frequency, to change a generator units 
based principally on area control error, to zero under an 
infinite modulation of active electricity generation and 
therefore to balance a whole system with a load power 
well. This is because the better composition controller 
would have better control. 
     This can therefore be seen as a purpose enhancement 
or robust control problem [1–8] that counteracts 
unexpected disturbances, uncertain parameters, and can 
also operate effectively on a tie line under the defined 
overhead, set-up time, frequency and power variation 
[1]. Antipathy [8] proposed in 2009 to use multi-target 
evolutionary algorithms, with a Dead Band Governor 
and superconductive magnetic energy stores units 
(MESS), the decentralized LFC of interconnected energy  
 

 
 
systems(MOEA). For disrupted multifaceted power 
systems, the localized PID-LFC, where a power system's  
LFC performance depends on a locus on a stability 
border, was proposed by Sahaj et al. [9]. A design 
strategy, which was seen in the LFC literature to this day 
[9], causes parametric uncertainty. Uncertainty 
parameters in Swatietal were evaluated. [11] 
Considering the fractional order control principle ; a 
solid controller was designed to be similar to an internal 
model – proportional integrated derivatives [11] (IMC-
PID). 
     In addition the method [12] for the application of load 
theory following an automatic power generation control 
has been seen in a reconstructed power system scenario. 
In light of contractual violations, a proposed 
hydrothermal energy system [12] is validated. The test 
device for various loads is an additional three-area 
unified electricity system [13]. There are several 
problems with goal optimization by improving the 
algorithm with a cluster-based set [14] with the proposal 
for the stabilization of the two-decker Multi-Driving 
Systems (SSSC), the magnetic energy storage (SMES), 
the thyristor control transfer, and more. Different 
technological optimizations have been suggested over 
the past decades [16–20] to maximize control gains in 
multi-area power systems to produce three degrees of 
3DOF-PID and cascade controls [19,20]. A victorious 
3DOF PID controller [16, 18] and a 3DOF ID controller 
[17] were respectively developed for different four/two-
scale thermal and two-scale hydrothermal systems in the 
application of a highly optimized bio-geographic 
technique. 
     In addition, the data-based method [21] for repetition 
parameter adherence in the 3-DOF control structure was 
developed to improve a tracking efficiency. There are 
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Abstract- The FOPID control units for an AVR system with a fractional filter are a 
unique fractional order. The main responsibility for controlling the reactive power and 
voltage level is an automated tensile regulator (AVR). PID controller, sensor, exciter, 
and stabiliser or amplifier are used for the module system. The system is designed 
according to state-space technology. The proposed controller must have seven 
independent parameters. A comparison of the published study with optimal adjusted 
AVR PID and FOPID controls also shows that the proposed controller is superior. The 
recommended controls derived from the bode analysis with their frequency response 
characteristics are shown. Finally, the resilience of the controller design is individually 
examined for both the parameter uncertainties of AVR system and outside storages 
introduced into AVR system. Given the overall results presented there are clear 
improvements to the performance of AVR system by a fractional filter in a proposed 
FOPID controller, and that the AVR system may successfully be applied to the 
suggested control. 

1 Introduction  

Reactive power is the foremost primary aspects for 
use and design in power systems. A constant tension 
output is the reactive force balance in the system. By 
shunting the reactive power injection, by transferring 
reactive power into the system via tap changes and 
lowering induction lane reagents through a succession 
of condensers, one may define the most common 
reactive power and voltage management systems. 
AVR systems are commonly used in exciter control 
systems. Major technique of the reactive power 
control is AVR generator excitation control. In typical 
operational conditions, AVR shall maintain the 
generator terminal voltage constant at varied load 
levels[1]. The Terminal Voltage Error is used to 
modify the voltage in AVR loop for an axle control 
system to administer the terminal-voltage[2]. Four 
important components – amplifier, sensor, exciter, and 
generator – are included in a controller exciter. 
Several articles discussed the AVR system control 
principles[2-5]. A Real energy losses in electricity 
generators are a general difficulty to solve. 
Researchers are studying automated voltage control 
units (AVR) to reduce these power losses in the power 

system. The major goal of this kind of AVR systems 
is to keep generator voltage at correct level highly 
precise. This precision enhances the life cycle of 
power system rated voltage equipment. The AVR 
system's stability and strength have a considerable 
impact on the power system's security[1]. Therefore, 
an efficiency of AVR system continues to be an 
important topic for the development of new control 
systems. In particular, many studies have been done to 
improve the AVR system's transitional reaction to the 
stability limitations. Researchers have devised several 
control ways to control the AVR generator voltage so 
far in an effort to get an enhanced system response. 
Some of the control techniques presented are the PID 
fractional order control (PRD) [2-4] [5,6]. Despite 
these enormous modifications, the scholars focus 
more on PID controller or its amalgamations because 
to its straightforward control structure and 
effectiveness. 

PID controller parameters, like other controllers, must 
be adequately tailored to deliver a good system 
response. In addition, PID controller settings must be 
optimally modified in order to reach the best system 
answer. However, depending on industrial use, this 
perfectly adjusting method presents a serious problem. 

 

https://doi.org/10.1051/e3sconf/202130E3S Web of Conferences 309, 01033 (2021)
ICMED 2021

901033

   © The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the CreativeCommonsAttribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



�
�������	�
��
����������������������	����������

��������	�
�����������	�����������������������������������	�
�������	������� ��	���!����"���#�

�
Srikanth�����
� ���Srividya Devi �����������������
��Rekha� ���
��!�

�"��������#��������$$�%�	�����
���&"'$(��)�����*����(���
�
��
��+������������,�������$$�%�	�����
���&"'$(��)�����*����(���
�
��
!�+������
�����,�������$$�%�	�����
���&"'$(��)�����*����(���
�
��

��������#� (���� 	�	��� 	�������� �� ����� ,��-��
��� ��
����� ./0�1� �,� �� ������ ���� 2���� ��
�2�*��� �
����
���������� ."$#1�� (��� �	������
� �,� ������ ���� 2���� �� ��2� �
������ ������� ����� ��� ������*�
���� �
� 	�2���

�������� (��� ������*�
���� �
� ,��-��
��� �������� �
������� ���� ���
� ��
��
���
��� 	�2��� �������� #�� ������

�������*����,��������������,����
����
�,��-��
���2�����3����
���������
���
�����

�������������."$#1���

+������	�2����
4�����
�����������
�������������
�����,��-��
����,�����������(��������*�������
�����������

����� ��,,���
�� ������� 	�2��� �
4�����
� ������� ��
���*���� ,��� ���� ,���� ��
����� �,� ���� ,��-��
��� 2���� �'%�

��
���������(��������,�+55�����
�����������������������������,��-��
�����
�������
�*���������������
�,������

������,���������������+
�+55���
������������
����������2�������
����������
	������������������
�������������

�,� ����	�2���������������6���
�������
� ����� ���
������������� �
� ����������,���
������
��2������������
��

(���	��,����
����,� ����	�2������������������������
��	�
��
����2��������	��������
����������
��
���
���

��
���������
��+55���
���������+����	������	��������,���������
��������
���������,���"$#���
��������������

��������� �
�� �� �������� ����� �
� ,��-��
��� ��
����� �������� ��� ����
� �
��� �����
�����

$������	%������
(���	����-���������������	�����������
,���
�������
������

�
�� �
����
��
�� ,��� ��
��
���
��� �������� ��� �
��������

�����6���� . &1� �
��� ���� �
���� ������7���8�� '�� ������

�*������ ����� ����  &� ��� �� 	�2��� ������� ������� �����

�
������� ��������
�� "$#� �
�������� ���� �����
���

���	�������
����	�������
� &�7!�98�,����������
��������

�
����������
������
���.%&:�1��"$#�������������	�����

�����(���������*������
������
����	��������
��������
�����

 &7;8�������������2�
���
�����
���������	������������

.�<1� 	�
����� ,���� .0��1�� ������� .%$&1� �
�� *�������

��������-��	��
��,���,��2������.�$##�1�(����������,���

�����,� ����%&��
���� �����,���� �������
���� �
����
��
����

��
�����
��� 
��� �
��� �
� ������ ��� �������� ���� �	����� �,�

������������ ��
���	���
�� +������� ����  &� 0����2����

,���%&:���,,�����������,�����
������������������
��*���

�,� ������� ����������� 2���� ���� ��
�����
�� ���*��������
��

�
���,,����
����,����� &���
��������,�������������������,�

	�2��� �������� 2���� �� 2���� ��
�� �,� ��
�����7=8�� (���

 &���

�����
�������������
������2����3����*��������

	��*����� �
��������� '
� �2�� ��,,���
�� 2���� ����  &��

2����� .�1� '�������������� �
�� .�1�&���� ��
������7>8�� ���

	��������������2���

:
����� ���� "$#� ���������� �
� ���� ����
�� ������ ��

��
�����6��

����
������ �
������� �
��������
�� ���
��

�
� "$#�� ���
� ������� ,��3�*��� +��  &� ��
����
��

���������� ����
����� ��*����	��,����
����
�� ���*������*��

�������
� �� ��

������ 	�2��� ���� 2����� �������� ����

������*�
�����
����������	����������������
��������(���

#+�����������
��
�����
��������������4����*���������
��


����� ��� *�� ��������� ,��� �������� �����
��� (��� ���
�

�
������
��,�+�6 &�,������������
���%$"�(�����		�����

��� ������� �
� �� ���� ,��-��
��� ���
�� �
� ���� ��	������

���������,����������
����
�����
�������."���01��

(���"���0������������
�?���)@A���
����������
�����,�����

/�2�'
������&�����
���
��
���
������������(����,���������


��������� ��� 	������� �����*��� ��3������� ���������� ����� ���

�
������ ���	�
���� �
�� 	������� ,��-��
��� ���	�
���� ���

�
������*��� ,��� ���� �
������6�������� ����
��������

#���
����� ����	�������
��,� &����*��� ��������������
���

	������� ����2����� &� �2�,�����2����� ������ ����� ��� �
�

��������
� �,� ���� ������� B��
� ���� ������� ,���� �
��

��������������,����������������"���0��
����� &���������

*������� ����� ��� ���� ��
��
�
��� ������ �
�� ��� �*��� ���

��	������ ����� ����������� �
���� (����,����� ��		���� ,���

,��-��
��� �
� &������ *�� ��,,����
���� �2�,�� �
� ������ ���

�������������	��,�,��-��
����
���2�,��-��
�����
�����
���

(������ �
�����
� ���� �
,���
��� �,� ���� %$"�� �
� 	�2���

������� ��������� '
� ����� ������� �������� �,� 
�
6�3����
��

%$"��
����������	������������
�,����������
�����
��*���

�
�����)�2������������,��-��
�����		����,��������������

��,,������� ������
���
� �
���� ������� ��������� 0�
������

'
� ��26� �
�� ������6������� ������*����
� 
��2����� 7C6

�?8�� �����������,��������6������
����
�� ��������������

��
���
��'
�������2�����������������
���-�����������*����
�


��2����� �
�� �
������ 2����
� ��
�����
��� %$"D��

�
��������
� 2���� ���� 	��������
� 	��
� �����*����
�������

https://doi.org/10.1051/e3sconf/202130E3S Web of Conferences 309, 01036 (2021)
ICMED 2021

901036

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



* Corresponding author: vinaykumaar.a@gmail.com  

Speed control of robust position sensor less PMBLDC 
motor by Fuzzy controller 

Shravani Sattu1, Vinay Kumar Awaar1*, and Praveen Jugge1 
 
1Department of EEE, GRIET, Hyderabad, Telangana, India 

 

Abstract. The aim of this work is to present a novel mechanical sensor-less control approach for 
permanent magnet brushless DC (PMBLDC) motors based on speed independent H functions. 
The starting of the motor and driving it from a low speed to the rated speed are two significant 
problems in sensor-less operation of PMBLDC motor drives. The commutation moment is 
determined using a speed-independent H function. Since the commutation instant is speed 
independent, it may be anticipated even at low speeds. The H function is entirely dependent on-
line voltages, which simplifies and reduces the cost of the whole system. The suggested approach 
eliminates the need for analogue filtering and phase correction. Digital low pass filters and digital 
phase compensators are used to remove commutation ripple from line voltages. This results in a 
system that is small, simple to use, and cost effective. This economical option is ideal for low-cost 
equipment such as fans, air conditioners, refrigerators, and vacuum cleaners. The suggested 
method is implemented using a fuzzy controller to demonstrate the proposed sensor-less 
technique's efficacy for wide speed variations. 

1 Introduction 

In the last three decades the reduction of 
PMBLDCM functioning has always been an 
appealing study topic for academia (Permanent 
Magnet Brushless DC Motor). As the use of Hall-
Effect electronic sensors is essential for rotor 
position assessments, due to the extra weather and 
circuitry a system is expensive and complex. A hall-
effect sensor is also sensitive and successful with 
restricted temperature fluctuations. Therefore, the 
usage of a PMBLDC engine in both industrial and 
residential applications was restricted for those 
reasons. Many efforts have been made in a literature 
to overcome these deficiencies. The simple technique 
to estimate PMBLDCM's location is a strategy for 
EMF sensing [1-5]. A sensor in connection to a 
virtual soil of a zero-phase transmission is used to 
calculate the switching timings of this approach. 
However, a phase voltage zero-crossing instant is not 
a genuine moment. A null-crossing instant must be 
modified in phase to create the correct switching 
instant. A zero passing of line voltages is the extra 
approach in the category. A line voltage might be 
twice as – phase back veterinarian EMF. [6-7] has 
been demonstrated to offer the switch-up immediate 
to zero EMF return phase. The low-speed 
performance of these methods is a major 
disadvantage. The efficiencies of a technique above 

are not excellent because a low-speed EMF stage 
return is too low to be accurately sensed. A 
perceived back emf from a quiet phase is integrated 
into another technique [8] and [9] until a threshold is 
reached. Integration begins with a null crossing and 
returns a threshold value for the back phasing emf. It 
is established that a threshold value will nearly 
overlap with an exact time of switching. This method 
also shows inefficiency and low efficiency at lower 
speeds. A novel, technologically less sensor method 
has been outlined in the three-phase balanced star [4] 
and [10], which connects the three-star resistor with 
the neutral point, n. A voltage of three times the 
frequency of a trapezoidal rear emf between two 
neutral locations (Vnn’). This approach is hence 
termed as an EMF detection technique as a third 
harmonic back. A list of VNNs is added below and a 
decision is made at the time of switching. AVnnTes 
zero crossing was changed by 300 phases from an 
exact point of change, yet the integration 
corresponds precisely with a moment of switching. A 
neutral point of an engine is necessary for this 
operation. Another technique [11] for immediate 
switching measures the current of a quiet phase 
freewheeling diode. Because of inductive engine 
winding, freewheels through the diode are present in 
a quiet phase. A switching moment is picked by 
monitoring this current. There are six current 
measuring circuits that make this technology a 
complicated, costly, and large gadget. [1] for very 
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Bidirectional DC/DC converter 
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Abstract. This paper deals with the Hybrid Energy Storage System (HESS) for Battery Electric, Hybrid 
and Plug-in Hybrid Electric Vehicles. Its performance is compared with conventional HESS design and also 
only Battery design, conventional design uses a bigger dc/dc converter between Battery and Ultracapacitor 
to satisfy the peak power demands in the real time, In this analysis a smaller dc/dc converter is used which 
maintains the voltage of ultracapacitor higher than the battery voltage by working as controlled energy 
pump. Battery will provide power directly only when voltage of the Ultracapacitor drops below the voltage 
of the Battery.  Therefore, a constant and smooth load profile can be created for the battery. For the 
proposed HESS system Simulation results are presented to verify.  

1 introduction 

     The world is developing by ensuring proper usage of 
advanced technologies for Electric Vehicles. The 
increase of vehicles has mainly caused major problems 
like traffic jams, CO2 emissions, and therefore the 
extinction of fossil fuels. Decarbonization plays a crucial 
role in reducing the CO2 emissions from transport 
vehicles. Electric vehicles are attracting attention within 
the vehicles market due to their low emissions of CO2 
and efficient reduction of CO2 emission. The EV has 
higher engine efficiency and doesn’t emit pollutants 
because it doesn’t have any fuel. So, it’s referred to as a 
zero-emission vehicle.  
    Energy storage systems (ESSs) have more importance 
in hybrid electric vehicles. Batteries, Fuel cells, Hybrid 
combinations are some of the commonly used among the 
energy storage systems. In Battery based Energy storage 
systems, the battery power density should be maintained 
higher enough to satisfy the peak power demand. 
Batteries with higher power densities also are available 
within the market, they’re much costly than lower power 
density batteries. The solution to this problem is to 
increase the size of the battery [1]. However, this also 
increases the cost. In addition, balancing the cells in a 
battery system is an issue which concerns the battery 
life. Applications of instantaneous power input and 
output, find the batteries affected by the frequent 
charging and discharging operations. which affects the 
battery life. For this type of system it is necessary to 
keep an additional Energy Storage System which is more 
stronger to handle the surge current.  
      Hybrid energy storage systems have been analysed to 
reduce such problems. The general idea of a Hybrid 

Energy Storage System(HESS) is to combine 
ultracapacitors (UCs) and batteries to achieve better 
overall performance [1]. Ultracapacitors have a higher 
power density and lower energy density. This 
combination gives better performance when compared to 
the use of them alone.  
      One of the example is the hybrid energy storage 
system (HESS) using battery and Ultracapacitor, where 
the battery is used for compensation of low-frequency 
power fluctuations and the ultracapacitor is used for 
compensation of high-frequency power fluctuations [2]. 
Many researchers have demonstrated the efficiency of 
battery-ultracapacitor hybrid energy storage systems 
using theoretical models and experimental prototypes, 
however this is due to the drastically differing 
operational parameters of ultracapacitors and batteries. 
There are a variety of topologies that use both battery 
and UC hybrid energy storage systems, each with its 
own set of benefits and drawbacks, and researchers are 
still looking at them. 

Table 1. Characteristics of Battery Cells. 

Chemistry 

Nominal 
Cell 

Voltage 
(Volt) 

Energy 
Density 

(Wh/Kg) 

Power 
Density 
(Kw/kg) 

Life 
cycle 

(Times) 

Lead Acid 2 30-40 0.18 Up to 800 
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Abstrac t. The use of Hybrid Electric Vehicles (HEVs) across the world is growing enormously every 
day. The single-phase bi-directional convertors are presented in this study for HEVs on-board 
charging(OBC). In HEVs, we use power electronics converters for the converting and inverting 
operations. Artificial Neural Network(ANN) is presented in this study for simple operation and high 
optimization approaches. ANN control technique regulates the system's THD and enhances charging 
system optimization, enables two-way power delivery that is from the grid to vehicle and the vehicle to 
grid. An ANN based current controller model that achieves fast-dynamic reaction and that improves grid 
current harmonic characteristics is proposed in this study. The system's THD is reduced by the ANN 
controller being suggested. The results prove the validity and feasibility of design and control technique of 
the proposed integrated charging system. 

 
Keywords : DC-DC bi-directional converters (BDCs), Artificial Neural Network algorithms, Electric Vehicles. 

 

1. Introduction 

Hybrid Electric Vehicles (EVs) and Electric Vehicles 
(EVs) are generally the vehicles that must meet the 
standards for urban transportation emissions during the 
next 10 years. HEVs are a hybrid between traditional 
combustion engine vehicles and electric vehicles 
(EVs)[1], a compromised alternative that addresses issues 
such as air pollution, petroleum combustion, and limited 
driving range[2]. HEV [3] is made up of various 
components such as machines, gearbox, battery, charger, 
traction engine, and its driving inverter. A second power 
generator and its drive inverter are also included in 
system. The starter-generator system's goal is to start 
engine from a standstill and transform vehicle's kinetic 
energy into electric energy [4-5]. In this study, starter 
mechanism is modified to act as battery charger, rather of 
OBC, which is found in most HEVs (OBC). As result, 
upgraded start-generator system employs two distinct 
modes. The first is a motor drive that acts as a typical 
starter-generator. The charging battery is the other. 
Because this integrated charging method substitutes 
traditional OBC, it is possible to eliminate traditional OBC 
from HEVs. As a result, the redesigned circuit reduces the 
volume and weight of HEVs while also increasing power 
density. A feedback-based current control technology, 
such as proportional-integral controller, has emphasised 
the power converter's performance in recent decades[5-6]. 
The PI current controller achieves fine control results by 
translating time variable on synchronous frame into time-
variable. Some of the flaws in this control strategy, 
however, are due to the controller's system parameter 
design. Furthermore, designing a 

controller for a sophisticated system is difficult. Model 
Predictive Current Control (MPCC) is introduced in this 
study as method for controlling 1-phase full-bridge 
inverter when integrated circuit is operating in battery 
charging mode. For high total harmonic distortion (THD) 
in output current, the typical MPCC produces eight 
separate voltage vectors because single phase two-level 
inverter only makes three distinct output voltages. THD in 
output current can be reduced by increasing sampling 
duration and reducing calculation time. Harmonic features 
of output current are limited and increased using an 
advanced MPCC method. Compared to typical feedback-
based control method, the MPCC methodology has a 
faster dynamic response time. Output current has superior 
harmonic characteristics when compared to MPCC's 
normal method. Simulation results confirm the accuracy 
of proposed integrated charging design and control 
strategy of the system. There are several industries that 
look to bidirectional DC-DC converters (BDCs) as energy 
sources to improve the transmission and distribution of 
energy. As a result of system losses, efficiency is reduced 
and circuit elements' lifespan is shortened. Deshalb sollten 
in order to avoid power loss, better control systems be 
implemented whenever possible. A bidirectional power 
flow's efficiency is crucial to obtaining high-quality 
electrical energy. To improve the efficiency of the 
converter, a variety of control mechanisms are currently 
being explored. One of these control approaches is the 
artificial neural network (ANN), which is based on a 
variety of algorithms. Vector support (SVM) and 
autonomous map (SOM) approaches are used in ANN to 
feed forward information (FF). They are divided into two 

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 

�
https://doi.org/10.1051/e3sconf/202130E3S Web of Conferences 309, 01065 (2021)

ICMED 2021
901065



Compensation of active and reactive power in PV- WIND 
battery system by using ANN technique  

A. Ashwini 1,*, V. Usha Rani2, J. Sridevi3 

1PG student, EEE Department, GRIET, Hyderabad, Telangana 
2 Assistant Professor , EEE Department, GRIET, Hyderabad,Telangana 
3 Professor, EEE Department, GRIET, Hyderabad, Telangana 
 

Abstract. This paper proposes the improvement of PV-WE system's energy usage and the battery energy storage 
system (BESS). PV, BESS. Surveillance, tension management, frequency control, energy distribution, power 
quality and artificial intelligence techniques (AI). The aim is to increase the power quality of the grid-connected 
PV-BESS system. In order to increase energy quality, technology is continually explored and evaluated. The PV-
BESS system is built for the microgrid, which offers benefits including continuous supply, efficient load content 
and effective electricity utilisation. The flow of energy from source to source is controlled by ANN. The 
development of the MPPT algorithm for validation of the proposed approach is using an artificial neural network 
(ANN) technique. An extensive research and data finding demonstrates that output is accuracy with the ANN-based 
MPPT output. This study therefore proposes a new way for assessing the performance at a specific site of the 
microgrid. The power translation systems are therefore handled in an active and reactive manner taking into 
consideration their circumstances and limitations. 

1. Introduction 

The power balancing and load sharing are hierarchical 
control systems for voltage/frequency control, such as 
primary monitoring, secondary control and tertiary 
control[1], that are employed as a microgrid control. The 
decentralised drop-based control system also gives 
without communication an essential alternate control[2]. 
However, the following shortcomings are shown in 
various control systems:  

1.1 System Coordinates  

Generally, models were developed in the d-q 
synchronous frame of reference. However, this strategy 
presents some inconveniences. First of all, this technique 
takes the form of properly balanced three phase systems 
for loads, grids and models. However, a load normally 
involves several single-phase loads spanning three 
phases, and so a perfect load balancing, especially in a 
microgrid, cannot be achieved. A load does not 
necessarily represent a linear load and can be distorted or 
harmonic very easily. Models are therefore employed in 
this research in abc co-ordinates. 

1.2 PLL (Phase locked loop) 

In practise it needs to be monitored, and PLLs have been 
employed for this. This is a realistic technique. PLLs 
have their reactivity and characteristics, and both 
simulation models and control techniques have these 
characteristics. For the monitoring of the several models, 
the angles d-q to a-b-c and a-b-c to d-q are needed (e.g. 
the 3-phase inverter model). This work aims at the 

improving the dynamic performance of the available 
photovoltaic system. 

1.3 Controller  

A control approach that selectively limits the output of 
the control, taking into account also model line 
impedances, to achieve the control target. 

In tandem with the RESs, the converters are utilised 
for transforming power into the grid. In the reference 
study[12], RES is connected to a bidirectional 
transformer and a hybrid configuration layout that 
includes PV and WE. Different characteristics like 
average wind speed, radiation, and temperature need to 
be taken into account when calculating PV and WE 
systems as weather-sensitive RESs. In several nations 
like India, China, Iceland, Sweden and the USA, there 
are a wide range of RES scenarios[2]. To be added in 
WE, on-shore and offshore output capacity is 
different[13]. Accordingly, flexible mathematical 
modelling and optimization methodologies must be 
designed to design seasonable WE and PV systems 
according to the many aspects affecting PV and WE 
systems. It is difficult to design the non-linear features of 
pv. Various optimization methods like as the 
optimisation of particulate swarm are therefore 
employed for estimating PV system parameters and 
improving the power production of PV and WE [14]. 
Ultimately, these strategies will aid configure the 
modelling of RESs. However, due to voltage drops on 
the line[4], the distributed generation (GD) units 
observed incorrect reactive power sharing. In order to 
overcome these restrictions[1],[3],[5]-[11] A secondary 
central control that requires dual-way communication 
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An Extensive Study on Machine Learning based Battery 
Health Estimation 
 
Sai Vasudeva Bhagavatula1, Venkata Rupesh Bharadwaj Yellamraju1, Karthik Chandra Eltem1, 
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Abstract. This manuscript is a comparative study on various machine learning Regression methods 
like Decision Tree and Random Forest and SVM and other improvised methods along with 
unsupervised methods like Reinforcement learning, ANN methods like DNN are also discussed 
along with advanced methods like GRU, CNN, LSTM for estimating the battery health in order to 
estimate its life which is used in the modern-day technology of Battery Management System. The 
evolution of the present day BMS bought a great opportunity to study more about adaptive learning 
systems as it provides greater efficiency and tunes itself basing on environmental changes for battery 
health estimation studying on various methods on the subsets of artificial intelligence can be helpful 
to build more accurate correlation between the input and output. Adaptive learning even having a 
self-adjusting feature the computational limitations and the data being used is also important in 
producing correct result with a promising accuracy, so multiple algorithms, architectures and models 
are studied for better understanding in order to come to conclusions for selecting the apt model for 
satisfying results. Compared to other conventional methods Artificial Intelligence and their subsets 
learn from the error and adopt which outperforms other models in accuracy. 

 

 

1 Introduction 

A battery management system this helps to improve 
the robustness and performance of the battery. The 
BMS acquires information about the electrical and 
ambient parameters of the battery and not only 
protects it from electrical damages but also helps to 
enhances its functioning and battery life. The 
behavior of the battery can be understood by the 
State of Charge and State of Health or the 
Performance Characteristics are very useful is 
modern day technologies earlier many conventional 
methods were used for estimating these responses but 
later after the improvisation in the computational 
power of machines like computers old technologies 
like  
Adaptive learning methods - machine learning and 
ANN (Artificial Neural Nets) started evolving that 
offer far better performance than the conventional 
approaches of estimating SoC and SoH. A 
representation of various ML techniques and their 
classification are mentioned below. 

 

 

Fig 1. Representation of Machine Learning Methods 
 
In the recent years the research in this particular field 
has grown enormous due its flexibility and 
accessibility. 

From the vast research being conducted on 
these self- adjusting systems for the Battery health 
estimation some of basic attributes like voltage 
current and ambient temperature of the battery pack 
is being used for the estimation of SoC and for the 
estimation of health of the battery pack additional 
parameter like SoC, charge cycles, voltage, current, 
temperature and along with additional parameters are 
taken into consideration when dealing with these 
methodologies. A basic workflow any machine 

 

https://doi.org/10.1051/e3sconf/202130E3S Web of Conferences 309, 01074 (2021)
ICMED 2021

901074

   © The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the CreativeCommonsAttribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



* Corresponding author: vinaykumaar.a@gmail.com 
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(ANN) based Dynamic Voltage Restorer (DVR) 
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Abstract. The power quality, which can affect consumers and their utility, is a key concern of modern 
power system. The sensitive equipment is damaged by voltage harmonics, sag and swell.   Therefore, as 
usage of sensitive equipment has been increasing, power quality is essential for reliable and secure 
operation of the power system in modern times. The potential distribution flexible AC transmission system 
(D-FACTS) device, a dynamic voltage restorer (DVR), is widely used to address problems with non-
standard voltage in the distribution system. It induces voltages to preserve the voltage profile and ensures 
continuous load voltage. In this paper, the voltage sag and swell is compensated by DVR with an artificial 
neural network (ANN) controller. For the   generation of reference voltage for voltage source converter 
(VSC) switching, and for the voltage conversion from rotating vectors to stationary frame, synchronous 
reference frame (SRF) theory is applied. The DVR Control Strategy and its performance is simulated 
using MATLAB software. It is also shown a detailed comparison of the ANN controller with the 
conventional Proportional Integral controller (PI), which showed ANN controller's superior 
performance with less Total Harmonic Distortion (THD). 

 

1 Introduction 

Electrical energy is a universal commodity available 
throughout the world and regarded as a daily consumer 
need [1]. The sources of renewable energies like solar, 
wind, etc are used to support the primary demand of 
energy. The intermittency of the renewable sources, 
reactive power issues and harmonics stop the 
performance of the power system by causing problems 
of power system stability [2], [3]. Flexible AC 
Transmission Systems (FACTS) devices are commonly 
incorporated to compensate reactive power, 
regulate voltage stability and improve power quality [4], 
[5]. FACT devices, however, also change different 
system parameters [6], so as to study the quality of 
power and determine the causes and solutions to these 
issues of power quality. In power systems, power quality 
has a major role during supply of variable power to the 
load. Consequently, the customers of domestic and 
industrial with sensitive loads will get affected by poor 
power quality. When any disturbance occurs in load 
voltage, results in voltage transient, 
sag, swell, harmonics causing high distortions and faults 
causing Total Harmonic Distortion (THD). The DVR 
can control the voltage from these problems and protect 
against tripping and resulting losses. Various problems 
and solutions related to DVR were reported, such as 

balanced voltage in a three-phase system and energy-
optimized DVR control [7]. References [8], [9] give 
analysis of various control strategies for different voltage 
sag types. In [10] a comparison is presented for 
DVR between various topologies and control techniques. 
Paper [11] discusses the design of a DVR supported by a 
capacitor that protects distortions, sags, swells, or 
imbalances in supply voltages. The DVR's performance 
is discussed in [12] with a transformer of high 
frequency-link. This paper presents DVR's control and 
its performance with voltage source converter (VSC). In 
this paper synchronous reference frame (SRF) theory 
with artificial neural network (ANN) controller is used 
for DVR control.  
The DVR is designed for balancing load side voltage 
with minimal injection of active power, even in the event 
of unbalanced disturbances compensation [9], through a 
cascaded H-bridge multilevel inverter. The use of DVR 
is a cost-effective way of mitigating sensitive load 
voltage sags and swells. The disadvantages of the 
existing method are solved through the application of the 
Artificial Neural Network (ANN) controller. The ANN 
controller is used for design and simulation of DVR to 
improve power quality and minimize harmonic 
distortions in sensitive loads [9]. DVR is utilized to 
increase the real power of the inverter in any 
disturbance. The DVR can be used as a voltage sag 
restorer and the voltage distortion compensator with 
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   Abstract. Voltage sag and voltage swell are frequently occurred power quality problems in present power 
distribution system, which are cause more problems to avoid these problems and maintain constant voltage 
at sensitive load during sag and swell Dynamic voltage restorer gives solution  .we propose self-supported 
DVR, to minimize the cost by preventing external dc source in  DVR, it is controlled by SRF PI control 
along with an inner current loop to stabilize the system and outer voltage loop to increase the system 
robustness. The proposed model provides fast voltage restoration for a short and long duration of voltage 
sags and swells manage wide load current variation for short and long voltage disturbances. In this paper, we 
present the effectiveness of the proposed method by using MATLAB/simulation results. A laboratory 
prototype DVR is modelled and we are using CCS studio to interface DSPTMS320F28027F

 

 1.Introduction 

Power quality problems are classified based on 
quantity into voltage power quality and current power 
quality problems. Voltage power quality problems are 
classified as voltage sag, swell, interruption and 
voltage notch depending on magnitude variation of 
quantity [1-3]. The load connected to the power 
system is dynamic; when the load connected to the 
system is increased, it causes voltage sag and the load 
connected to the system decreases it causes voltage 
swell. During voltage sag and swell, the voltage across 
the load is not constant or rated due to these more 
problems that occur; the uneven operation of end-user 
equipment, cause production losses of process 
industries, and maloperation of relays and circuit 
breaker. The custom power devices STATCOM (static 
compensator), DVR (dynamic-voltage restorer) and 
UPQC (unified power quality controller) provide rated 
voltage across the load even voltage sag and swell 
occur. Still, the complexity of design and installation 
cost  
 
 
 

 
 
 
 
 
industries prefer DVR more than STATCOM and 
UPQC [3-7]. Dynamic voltage restorer is a series 
compensating device. It injects the voltage in  
series with the line; DVR injects voltage in phase and 
out of phase with supply voltage during voltage sag 
and voltage swell. To inject the voltage, DVR needs a 
certain amount of real and reactive power [8-13]; it is 
provided by using an energy source in DVR. 
Depending on the energy source, DVR is classified as 
capacitor-supported DVR, battery-supported DVR and 
Rectifier-supported DVR. The large magnitude and 
long duration sag condition require a large amount of 
energy storage capacity, increasing device cost. For 
avoiding high price for designing of DVR, we propose 
a self or grid-connected rectifier-supported DVR to 
compensate voltage sag and voltage swell [14-16], 
which is controlled by using SRF PI controller along 
with inner current loop it stabilizes the system and 
outer voltage loop it increases the robustness of the 
system. The proposed model provides fast restoration 
and reduces voltage disturbances. The proposed 
method can manage wide load current variations and 
avoids current distortions during short, fast and long 
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Comparative Analysis of Coil Structures and Orientations 
of Single Transmitter and Multi Receivers Wireless Power 
Transfer System 
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Abstract. Single transmitter and multi receiver (STMR) based WPT system is used to power 

multiple loads at a time. It consists of some limitations like long distance power transfer, mutual 

inductance between receiver coils and misalignment of receiver coils. this paper is going to give a 

detailed information about different designs of STMR, which are going to overcome the 

limitations of STMR. Different designs proposed by different authors are wireless power repeater 

system with single coil in each repeater, wireless power repeater system with two coils in each 

repeater, spherical strongly coupled magnetic resonant, square shape coils, maglev train IPT 

system and cube shaped unidirectional flux transmitter type. The above-mentioned designs are 

analysed and concluded a best design from it, depending up on applications and discussed about 

the control systems used in STMR. 

1 INTRODUCTION 

Wireless power transfer system (WPT) is a 

technology used to transfer power from one circuit 

to another circuit through an air. There are many 

types of models of transferring power from one 

circuit to other like single transmitter to multi 

receivers (STMR), A non-resonance inductive 

coupled system, a resonant inductively coupled 

system, an strongly coupled magnetic resonance 

(SCMR), etc., transferring power from a single 

transmitter to multi receiver (STMR) is a technology 

developing to increase the utilisation of wireless 

power transfer instead of wire transfer technology. 

STMR has many applications like charging of 

electronics devices, charging of electric vehicles, 

Etc. important parameter to control in STMR is size 

of the coils, due to utilizing of compensation 

technology in WPT, size of it is increasing. To make 

it compact, combining the compensation and main 

circuits is a possible method to decrease the size 

requirement and efficiency increment [3]. 

Fig1: Basic schematic diagram of STMR [26].  

 STMR is a system in which, there will be 

only one transmitter but “N” number of receivers as 

shown in fig (1), as application of drone battery 

charging. The main advantage of it is it can charge 

no of load at a time. limitations of STMR are 

Efficiency cannot be maintained high for long 

distance for many receivers by single transmitter, 

Coupling coefficient effect in receiver coils, 

Misalignment between transmitter and receiver 

coils. same frequency should be maintained between 

all the receiver coils to achieve high efficiency in 

the system. 

 This paper consists of different designs of 

STMR to overcome its limitations. Different designs 

of STMR are listed and analysed in section Ⅱ, a 

comparison between different designs of STMR are 

given in section Ⅲ, control systems used in STMR 

are explained in section Ⅳ and given detailed 

conclusion up on STMR’s in section Ⅴ. 

2 Different Designs of STMR System 

 The following are the different evolutions 

in coil design to improve the efficiency in the 

STMR system  

2.1 wireless power repeater system with single and 

two coil in each repeater 
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Abstract. Now a days more power losses can be seen in grid connected inverter. In order to reduce that 
double frequency in single phase grid inverter with Artificial Intelligent based fuzzy control is implemented. 
The inverter has two operating units High Frequency Unit (HFU) and Low Frequency Unit (LFU), low 
frequency reduce switching losses and high frequency suppress the symphonious currents. The fuzzy logic 
method expected towards deliver high yield, low total symphonious distortion, rapid response. Finally Total 
Symphonious Distortion (THD) contrasted among fuzzy including Integral controls (PI). The results are 
validated by using MATLAB/Simulink. 

1 Introduction 

The DC/AC Converter is always an important part of 
grid connected system [1]. Many switching symphonious 
are there in grid side current, to reduce that we will use 
passive filters like L or LCL filters to the grid [2-4]. The 
L filter has less complex structure, more reliability also 
have more inductance value and it has high voltage drop 
so it will reduce the system performance, instead of 
using L filter, LCL filter can be tried it has good 
capacity to reduce higher order symphonious[5], but it 
has the disadvantage of resonance. There are many new 
developments in semiconductor devices, that are widely 
used in many applications. These help to reduce the 
switching symphonious in a good way. Using these 
semiconductor devices in low and HFUs may add up 
some cost but the quality of the current will be good. 
The purpose of using controllers is when a system 
cannot fulfil the needs, then some variables will be used 
to achieve the wanted results. 

  The PLL (Phase Locked Loop) [6-8] is a closed 
loop system will generate an output frequency in relation 
with Phase and Magnitude of an input frequency it 
consists of variable oscillator and phase detector and 
feedback loop, these three are common parts of it. 
Through this process it will protect the grid from 
symphonious currents. 

   For controlling the inverters mostly PI controllers 
are used but to solve the mathematical model or transfer 
function will be complex to obtain that problem Fuzzy 
can be used. We can observe the importance of Fuzzy  

 
logic not only in computer science domain but also 
developing in industrial side [9-11], rocket engineering,  
and many domains. Fuzzy logic is a rule based 
controller, if any system uses fuzzy logic then it is called 
fuzzy model. We can observe some important 
applications of fuzzy in railway system, factories, air 
conditioner, camera control technique, in hospitals also 
while checking diagnostic procedure and diagnoses 
radiology and prostate cancer the machinery is installed 
with some of these fuzzy logics, washing machine 
controlling, vacuum cleaner, subway design for trains, it 
can tell the altitude of plane, range of it as this fuzzy is 
implemented in aerospace technology, traffic signal [12-
14]. It has a good problem solving technique in the way 
its demand is increasing. Its decision making happens on 
three steps fuzzification, interfacing, and defuzzification. 
We can use this fuzzy in power electronics applications 
like controlling the speed of the motor, in electrical 
vehicles testing, this adds up a benefit to the systems. 
when compared to PI controllers this will be more 
beneficial because it thinks like human interface, it is 
faster and there is no mathematical approach to the fuzzy 
logic, it will show the results in the [0,1] format either 
the result produced will be false or true, it does not a 
give a situation in between them, and a membership 
graph will be seen with error and change in error it will 
relate those two graphs with rules that fuzzy had 
included in it. Fuzzy will simplify the data for itself to 
provide a valid reason to achieve the desirable output. A 
double frequency inverter proposed [15-19] will have 
two inverters used in different frequencies and achieves 
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1 Introduction

Our project aims at an automatic recognition of digits written by hand. The tendency of
writing the digits in different forms is much higher as each person writes them differently.
In such cases also, the system developed must be able to recognize the digits correctly
and give out the accurate results. There exist many classification and pattern recognition
algorithms in machine learning such as KNN, SVM, Neural Networks (CNN, ANN,
and RNN) [1, 2]. We try to study how each algorithm works while training and testing
the dataset. The project focuses on developing an easy methodology of recognizing the
images for a plethora of things. The goal of this system is to provide information about
the research project “An Efficient Novel approach for detection of handwritten numerical
using Machine Learning paradigms” [12]. It includes what we did for the completion of
project, requirements, description of modelling of the project, the technologies we have
used for the project, implementation of the project and future enhancements [1, 2].

This project explains in detail about how a machine can identify human written
digits. For this process, we are considering MNIST (“Modified National Institute of
Standards and Technology”) dataset which consist of 60000 images of 28*28 sizes in
grey scale[15]. However, considering images as a dataset will not make our work easy.
These images need to be pre-processed [2, 4]. As well as many other step need to be
performed before entering into training the dataset. We are considering few classification
and recognition algorithms like KNN, SVM and CNN [3]. We come up with a conclusion
that no algorithm can beat up Neural Network in digit recognizer. We try to achieve the
highest accuracy and prediction rates by applying best training methodologies [3, 4].

2 Related Works

The application identification of handwritten numericals using machine learning pro-
vides the following uses to the user: this application provides a chance for the user to
allow their machine to recognize the digits from 0 to 9 written in any format with ease
[2, 3]. It is useful for various kinds of future works like usage of this module in number
plate recognition, number detection projects, etc. This also helps in performing multiple
further operations like calculating attendance percentage, focusing on absentees, send-
ing text messages to parents, etc. [14]. This document furnishes different diagrams for
the “An Efficient Novel approach for detection of handwritten numerical using Machine
Learning paradigms” using uml that clearly explains the model of building this particular
application [3, 4]. The literary survey provides insights into the project in terms of the
user experience and functionality of the project [9].
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An Efficient Novel Approach for Detection of Handwritten Numericals 3

2.1 Feasibility Study

In the software development process, the feasibility study is critical. It provides the
developer an opportunity to assess the operational flexibility of the product that is being
developed[13]. The operational flexibility, technical support, the output of the project,
and many others are treated as various criteria and parameters to analyse the feasibil-
ity of the project. Operational Feasibility, Technical Feasibility, as well as Economic
Feasibility are the three basic types of feasibility studies.

2.1.1 Operational Feasibility

The application developed must be in such a way that it is feasible for the users to
use with ease. How much the user is willing to use the application determines the
operational feasibility of the system. Before checking the operational feasibility, the
user must be adequately trained with regard to the application [11]. The user must not
feel any difficulty in using the system. However, the percentage of the willingness of
the user to use the application entirely depends on the way that the system is built with
a user-friendly interface and the method that is taken to popularize the user about the
system handling and usage. Our project employs a simple yet intuitive interface for the
user to navigate through the application and operate it feasibly.

2.1.2 Technical Feasibility

This study is done to find the technical feasibility. This study determines to find out
the technical requirements needed to develop the system.. Our project is developed
with utmost care such that it is technically feasible [12]. Changes can be easily made
and adopted according to the user’s requirements. The trending programming language
“Python” and its inbuilt libraries made the application development simple and easy.

2.1.3 Economic Feasibility

This study is done to find the economic feasibility of the developing system. The expen-
ditures must be justified. The existing systems have the economy as one main backdrop
because they require other specially developed devices [3, 15]. Thus, our project is
designed well with a limited budget, and the hidden reason for this would be freely
available technologies. The one and only customized product that has been used as an
external device is a webcam which is always an economic-friendly device.
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3 System Architecture

See Fig. 1.AQ2

SGDKNN

Data set

SVM

Similarity_metrics

Performance_Accuracy

Best_Model

Results

HDFS 

Hadoop 
Database

Fig. 1. Model framework

4 Methodology

4.1 Data

Handwritten digits were provided for a total of 70,000 photos from the MNIST (Modified
National Institute of Standards and Technology) data set, with 60,000 examples in the
training set and 10,000 examples in the test set, both with labeled images of 10 digits
(0 to 9). This is a small part of the NIST broad set that was normalized to fit a 20 * 20
pixel frame without changing the aspect ratio [17]. The handwritten digits are images
in the form of 28 * 28 grayscale intensities of images that represent an image, with the
first column of each image being a label (0 to 9). The same has been decided in the case
of the test set, which consists of 10,000 photos with labels ranging from 0 to 9 (Figs. 2,
3 and 4).
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Fig. 2. Data

DN-1 172.16.9.31:50010 3 9112.91 14.80 71.01 8157.09 0.53 83.99 78.00 5.71

DN-2 172.16.9.32:50010 2 1154.19 14.68 77.66 1421.85 1.03 92.77 76.00 5.98

DN-3 172.16.9.33:50010 1 1450.26 14.84 87.56 1417.88 1.08 89.63 79.00 5.36

DN-4 172.16.9.34:50010 4 1450.26 14.84 87.56 1417.88 1.08 89.63 79.00 5.36

DN-5 172.16.9.35:50010 3 1450.26 14.84 87.56 1417.88 1.08 89.63 79.00 5.36
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Fig. 3. Table of memory allocation in hadoop ecosystem
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12/11/2020 16:24 rwxr-xr-x IT
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Fig. 4. Table of memory segregation in hadoop environment for file distribution
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4.2 Support Vector Machines (SVM)

The ability of a machine with a reference vector to generate the highest level of precision
is greater. SVM can be used for classification, which involves drawing a line between two
categories or classes to distinguish [6]. Hyperplanes are the lines that connect different
classes [8]. However, this distinction is not so clear [11]. In this situation, the dimension
of the hyperplane must be changed from 1D to the N-th dimension, which is called the
nucleus. Linear nuclei, polynomial nuclei, and functional nuclei with a radial base are
the three types of nuclei [8, 9]. In multidimensional space, the created hyperplane divides
different classes [17]. SVM iteratively develops an ideal hyperplane that minimizes the
error [7, 13]. However, because it takes a long time to train and performs worse with
overlapping classes, this classifier is not suitable for large data sets. It is also sensitive
to the type of core used [8, 16].

SVM falls into the category of controlled learning and with a bonus for classifica-
tion and regression problems. In general, SVM draws an optimal hyperplane, which is
classified into different categories [18]. In two-dimensional space, we first draw the data
points of the independent variable corresponding to the dependent variables. Then begin
the classification process by looking at the hyperplane or any linear or nonlinear plane
that distinguishes the two classes at their best (Fig. 5).

Fig. 5. Support Vector Machines (SVM)
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An Efficient Novel Approach for Detection of Handwritten Numericals 7

4.3 K Nearest Neighbours (KNN)

This is the most basic classifier for categorizing images. This classifier is effectively
explained with a simple expression in plain language: “Tell me your neighbors and I
will tell you who you are.” This approach is based solely on the distance between two
illuminated vectors [7]. Finds the most common data among the closest K samples to
distinguish the new data. Euclidean distance can be used as a distance metric [8].

This algorithm gave an accuracy of 92.8%. However, this algorithm has many sig-
nificant drawbacks in terms of various aspects such as the choice of features [8], dimen-
sionality reduction, etc. KNN is the nonparametric method or classifier used for both
classification and regression problems [17]. This is the delayed or late learning clas-
sification algorithm, in which all the calculations are done until the last stage of the
classification, and these are instance-based learning algorithms where the convergence
is done locally. As it is the simplest and easiest to implement, there is no explicit training
phase before and the algorithm does not perform training data aggregation (Fig. 6).

Fig. 6. K Nearest Neighbours (KNN)

4.4 Stochastic Gradient Descent

Stochastic gradient descent is a very popular and common algorithm that is used in
various machine learning algorithms; the most important thing is that it forms the basis
of neural networks. Gradient descent is an iterative algorithm that starts from an arbitrary
point on a function and moves down its slope in steps until it reaches the lowest point
of that function [18] (Figs. 7 and 8).
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Fig. 7. Stochastic Gradient Descent (SGD).

Table: Comparison Analysis

Name of the Classifiers F1 Score Accuracy Score

SVM 0.92 0.96

KNN 0.90 0.95

SGD 0.81 0.89

In this section, the processed images are sent as input to various algorithms. The
precision and F1 evaluation values are 0.96, 0.95, 0.89 and 0.92, 0,90, 0.81, respectively.
Choosing the correct data set, pre-preparing the data with the right techniques, planning
the model, and many other tasks combine to create better performance. The CNN model
in our model efficiently organizes all the test photos with the names of the individual
classes. This did not happen in any case. Each age group has its own data set [18].
Accuracy seems to increase with each generation. The pass set was tested after the

A
ut

ho
r 

Pr
oo

f



An Efficient Novel Approach for Detection of Handwritten Numericals 9

0.7

0.75

0.8

0.85

0.9

0.95

1

SVM KNN SGD

Comparision Analysis

F1 Score Accuracy Score

Fig. 8. Model accuracy

model was developed on the preparatory data set and showed a precision of 0.96. Then
when the model was obtained with test data as input, the model showed an accuracy of
0.97%.

5 Conclusion

In this section we saw how the different algorithms work in handwriting recognition.
There are many classification and recognition algorithms. K-Neighbor and Support Vec-
tor Machine are some of the most famous and widely used. All these algorithms consider
various factors during training and testing. Also considered is the MNIST handwrit-
ten digit dataset used, consisting of approximately 60,000 images with sizes 28 * 28
grayscale images of handwritten digits 0 to 9. All images should be pre-processed using
appropriate techniques. In the study, the main characteristics are extracted from each
image for further processing for training. The processed images are sent as input to var-
ious algorithms. The precision and F1 evaluation values are 0.96, 0.95, 0.89 and 0.92,
0,90, 0.81, respectively. Choosing the correct data set, pre-preparing the data with the
right techniques, planning the model, and many other tasks combine to create better
performance. The CNN model in our model efficiently organizes all the test photos with
the names of the individual classes. This did not happen in any case. Each age group
has its own data set. Accuracy seems to increase with each generation. The pass set was
tested after the model was developed on the preparatory data set and showed a precision
of 0.96. Then when the model was obtained with test data as input, the model showed
an accuracy of 0.97%. The excellent performance of the model is a direct result of the
inclusion and structure of the authentic image of the model.
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threats for public health globally in 2019. One of the main reasons for rapid spread
of such misinformation on vaccines is social media posts. With proper analysis
of social media posts, the main factors contributing for such misinformation can
be identified. This paper performs sentiment analysis on Reddit posts related to
vaccines using Natural Language Processing (NLP) techniques like stopwords,
spacytextblob, wordcloud, subjectivity and polarity. The research found out that
out of the total 1487 reddits 9.21% of them were positive reddits 83.86% of were
neutral reddits 6.92% of them were negative reddits.AQ1AQ2
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1 Introduction

Over the years confusion over taking vaccines is largely prevalent in the society and there-
fore marked as one of the significant contributors of global sickness by World Health
Organisation in 2019 [1]. According to the Strategic Advisory Group of Experts (SAGE)
Working on Vaccine confusion defines confusion in vaccines as the “delay in acceptance
or refusal of vaccination despite the availability of vaccination services. Vaccine hes-
itancy is complex and context-specific, varying across time, place, and vaccines. It is
influenced by factors such as complacency, convenience, and confidence” [2]. Moreover
the internet is a main factor for rapid dissemination of vaccine hesitancy as such myths
and information can spread like wild fire [3]. Social media influences the decisions of
the society to take, reject or postpone the vaccination. [4, 5] and could be a reason for
the spread of avoidable diseases. One way to cope up with this hesitancy of accepting
vaccines is to monitor social media posts related to vaccination. It is very significant
to gauge the opinions and the social behaviour of people who have certain inclinations
towards anti vaccinations. Opinion research or sentiment analysis of vaccination related
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posts on social media can be performed to find out the reasons behind the vaccination
hesitancy. In social media people are allowed to post their views on a certain topic freely.
These posts if carefully analyzed may give some insights to the medical agencies to cope
up with the existing problem of vaccine hesitancy. Social media can be effectively used
to track people with vaccine hesitancy, communicable diseases and also for circulating
health guidelines rapidly [6]. Text mining techniques can be used to detect vaccine hes-
itancy in social media posts [7]. Researchers also performed Sentiment Analysis (SA)
[8] for finding out the stances of people on vaccines. The social posts can be analyzed
and classified according to their polarity viz. positive, neutral and negative [9, 10]. In the
literature there exists three methods of SA namely document-level SA, Sentencelevel SA
and aspect-level SA [11]. Anti Vaccination campaigns also contribute to the hesitancy
of public from taking vaccines. And mostly all the information is about such campaigns
is circulated through social media. Investigating a persons’ overt behavior towards vac-
cination on social media stages is a proved technique for finding the sources of such
misinformation. On these platforms the main point of discussions will be vaccines. A
study performed by some researchers showed that people are influenced over the inter-
net against vaccination of children [12]. This research examines the individual’s attitude
towards vaccination on reddit posts. By using years of longitudinal data extracted from
reddit posts, this research tries to identify individuals who are pro vaccine, individuals
who are anti vaccine and finally neutral towards vaccination. This research hopes that
this classification will later help health officials to encourage the neutral class of people
to take vaccinations. Similarly the anti vaccination class of individuals can be convinced
to take vaccines by properly counseling them. As the problem statement of this research
clearly introduced now, in the coming sections of the paper related work, system archi-
tecture, experiments conducted and results obtained will be discussed. Finally, the paper
will be concluded and insights into future work of this research will be discussed.

2 Related Work

A study in the past identified the confusions and apprehensions of individuals on multiple
social media forums for solving the health issues of people globally [13]. One more
set of investigators tried to understand the attitudes of twitter users on vaccinations
by capturing four years of tweets. They applied NLP techniques for identifying the
sentiments of individuals by analyzing user tweets [14]. A group of researchers tried to
find the facts for refusing vaccinations by some individuals by analyzing their behavior
on social media especially twitter [15]. They classified the tweets related to vaccination
as positive and negative by using NLP techniques.

An alternate research explored the perspectives and experiences of advertisers of
vaccination while they promote vaccines on the social media [16, 17]. They used quali-
tative methods to sample participants who were involved in promotion of vaccinations on
social media. The work applied risk communication principles, framework analysis for
analyzing the data generated by these participants. A survey performed by researchers
found out that how people with infants were flooded with anti vaccination messages [18]
over social media. One more study tried to investigate how social media influences the
circulation of health related misinformation globally [19]. They investigate the vaccine

A
ut

ho
r 

Pr
oo

f



Analysing Sentiments of People Over Vaccines in Reddit Posts Using NLP 3

autism controversy. For this they collected data from Twitter, Reddit and also online
news for around two years in the United States, the United Kingdom and Canada. One
more study analyzed and later tried to address the health related misinformation on social
media [20]. A group of analysts performed [21] investigations on twitter and concluded
that sentiment analysis plays an important role in detecting the attitude of the public
towards vaccination. In order to gauge the opinion of public towards COVID-19 vaccine
a group of researchers performed sentiment analysis on twitter posts [22].Time series
forecasting was performed on the current scenario of vaccination in USA. A group of
investigators from Philippines [23] analyzed the sentiments of public over twitter using
Naïve Bayes algorithm and attained an accuracy of 81.77%. A similar kind of research
was performed by a group of researchers from Indonesia [24] on twitter data using
Naïve Bayes algorithm. Their investigations revealed that in a total of 58,301 tweets 34
thousand were negative, 24 thousand were positive and three hundred and one tweets
were neutral during a week. A group of researchers [25] analysed twitter data related to
covid-19 tweets using three ML algorithms namely Multinomial Naïve Bayes (MNB),
Support Vector Machine (SVM), and Logistic Regression (LR). LR gave an accuracy of
97.3% where as SVM gave an accuracy of 96.26% and finally MNB achieved an accu-
racy of 88%. The next section of this paper explains the system design that is followed
for performing this research. NLP techniques were also used to identify the writers of
text in social media by a group of researchers [26]. NLP techniques were applied on
social media posts for determining whether they were fake or real [27]. Supervised text
classification, an important aspect in NLP can be also performed using Artificial Neural
Networks [28]. Before performing textual analysis some researchers created clusters
of text streams in social media applications using tree based approaches and ternary
features [29].

3 Work Flow and Results

The current section gives details of the various stages like data collection, pre-processing,
word cloud representation and finally sentiment analysis. Figure 1 depicts the work flow
model used by this research to perform sentiment analysis.

Fig. 1. Work flow of the system

3.1 Data Collection and Pre-processing

For this research the paper considered “reddit_vm.csv” dataset which is publicly avail-
able on Kaggle Dataset [30]. It has 1487 posts related to vaccination with eight columns.
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Table 1 illustrates the column names and their type. Out of the eight column names, three
belong to integer type and five belong to object type. Figure 2 represents the sample of
the data set considered for this research. Out of the eight columns title, id, url, body and
time stamp are categorical whereas scores, comms_num and created are non-categorical.

Table 1. Table captions should be placed above the tables

S. no Column Datatype

1. title object

2. score int64

3. id object

4. url object

5. comms_num int64

6. created int64

7. body object

8. timestamp object

Fig. 2. Sample records of the reddit dataset

The next step is to perform data pre-processing so that the NLP techniques applied
for sentiment analysis become more effective. Data Pre-processing usually contains
activities like checking for duplicates, checking for null values, remove punctuation,
remove numbers and converting the text into lower case and Stop Word Removal. The
dataset did not contain any duplicate rows. The ‘url’ column has approximately 1036 null
values where as the ‘body’ column has nearly 366 null values. The rest of the columns
do not contain any null values. Figure 3 represents a visualization of the number of posts
published on reddit related to the topic ‘vaccination’. This research used seaborn and
matplotlib package of the python programming language for generating visualizations
of the data. Figure 4 represents the heat map generated for ‘score’,’coms_num’ and
‘created’ columns that are non-categorical in nature. A heatmap is generated to see the
correlation between non-categorical features. This research used Pearson Correlation.
The next is to remove stop words from the data set. Frequently occurring words in the
posts are identified and removed as they increase the processing overhead. Articles,
pronouns found in the posts are identified and then removed. This research uses the
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“stopwords” list already present in the nltk library of python programming language to
remove the stopwords present in the dataset.

3.2 Word Cloud Generation and Statistical Analysis

The next step is to generate word clouds from the data present in the pre-processed
dataset. The words that frequently appear in the posts will have bigger size in the cloud
when compared to the words that have less frequency. In this paper, two word clouds
are generated on the data present in the dataset. Figure 5 represents a word cloud where
the column “title” was focussed and Fig. 6 represents a word cloud where “body” was
the focussed column name. One can observe that words like “Vaccine”, “Vaccination”,
“Vaccinate”, “Vaccinated”, “Anti”, “Vaxxer”, “covid”, “measles”, “children”, “cause”
e.t.c appear with large fonts in Fig. 5. Similar results are found in Fig. 6.

Fig. 3. Visualization of monthly published posts in a year related to topic vaccine

Fig. 4. Heat map of correlation between categorical values
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Fig. 5. Word cloud on ‘title’ column

Fig. 6. Word cloud on ‘body’ column

3.3 Sentiment Analysis

The next step is to perform sentiment analysis of the text present in the dataset. Tradi-
tionally there exists three type of sentiments, viz. negative, positive and neutral. This
research uses “TextBlob” package to perform sentiment analysis. Sentiment analysis is
performed by finding out subjectivity and polarity of the text. Traditionally subjectivity
refers to the metrics that are used to gauge personal opinions, emotions or judgments.
It is a float value that ranges between [0, 1]. Polarity lies between [−1, 1] where in −1
represents negative sentiment and 1 represents positive statement. 0 represents neutral.
The following results are obtained from the sentiment analysis performed. Out of the
total reddit posts 9.21% were positive posts on vaccinations, 6.92% of the posts carried
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negative sentiment and 83.86% were neutral. Figure 7 graphically represents the sen-
timent analysis performed on the vaccine data set. The analysis found that a majority
of posts were neutral. Government authorities can target the people who have posted
these neutral posts and convince them towards vaccination. This will contribute to the
betterment of the global health.
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Fig. 7. Sentiment analysis on vaccine related reddit posts

4 Conclusions and Future Work

After performing this research the following conclusions related to vaccines are drawn
out. It is observed that there is a lot of information and misinformation about vaccines
on social networking sites like reddit, twitter, facebook and watsapp. This makes it
absolutely necessary for authorities to monitor social media posts for effective imple-
mentation of vaccination strategies. An automatic system that effectively extracts and
analyses the text related to vaccination on social media platforms is to be developed.
Machine Learning based sentiment analysers are effective while dealing with current
challenges. Due to induction of artificial intelligence, detection of sentiment polarity
towards vaccination on social media posts has become easy and cost effective. This
research analysed the sentiments of reddit users with respect to vaccines using NLP
techniques and found out that a majority of users have a neutral attitude towards vacci-
nation and they can be influenced by using concepts like target marketing. In a total of
1487, 83.86% were neutral reddits and 6.92% of them were negative reddits. As a future
scope, the sentiment analyser can be equipped with tools to detect the origins of nega-
tive & neutral posts. Once location of such posts is detected health care professionals
can plan vaccination drives more effectively in such areas. In future this research intends
to analyse posts from twitter, facebook and watsapp.
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Detection and Classification
of Intracranial Brain Hemorrhage

K. V. Sharada, Vempaty Prashanthi, and Srinivas Kanakala

Abstract Computer
-aided diagnosis systems (CAD), as their name suggests, utilize computers to

assist doctors to obtain a quick and correct diagnosis. They focused on several
scholars as they are built upon the concept of processing and examining pictures
of various parts of the individual body meant for a fast and correct outcome. CAD
systems are generally area specific because they are augmented for some certain
kinds of infections, various parts of the individual body, diagnosis methods, etc.
They analyze dissimilar types of inputs given, for example, signs, test center, result,
health pictures, etc. varying on their territory. One of the maximum common kind of
diagnosis depends on medical pictures. Our approach is to develop a model to identify
either a brain hemorrhage is present or not in Computed Topography (CT) scan of the
brain and also identify the kind of hemorrhage. The process of detecting and iden-
tifying hemorrhage contains many steps like image pre-processing, segmentation of
image, extracting the features, and classifying the images.

Keywords CT scan · Brain haemorrhage · Image processing · Image segmentation

1 Introduction

Brain hemorrhage implies blood loss within brain. In brief, one quite stroke which
causes draining round the tissues by an artery within the cerebrum is observed as
brain hemorrhage. Draining can happen in between the cerebrum and also the layers
that cover it. The irritation that is caused by the blood from trauma leads to increase of
pressure on brain tissues; this results in reduced percentage of oxygen from reaching
the brain cells. This brain hemorrhage is observed as medical emergency which
needs prompt treatment. There are several factors which might cause or result in
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cerebral hemorrhage. These components include head injury, blood vessel anoma-
lies, liver disease, brain tumour, extreme high blood pressure, bleeding disorders, and
utilization of illegal medications. Anomalies within the blood vessels are the most
explanation in the majority of the intracerebral hemorrhages that out of nowhere
happen in youngsters, anyway there could be other potential causes which incorpo-
rate blood sicknesses, cerebrum tumors, septicemia, or the work of liquor or illegal
medications. Many people who experience a hemorrhage have side effects as though
they are having a stroke and can create weakness on one side of their body or a feeling
of numbness. Sometimes brain hemorrhage can cause a scope of various indications
like sudden, serious migraine, difficulty in gulping, vision problems, loss of coordi-
nation with the body, confusion or trouble in understanding, difficulty in talking or
stammering discourse, seizures, torpidity or stupor.

Brain hemorrhage often leads to several complications. Because of the draining
nerve cells one cannot speak with different pieces of the body and in this manner stops
ordinary working. Additionally, there are scarcely any basic issues that emerge after a
brain discharge which incorporates development, discourse, or memory issues. A few
difficulties might be lasting relying upon the area of drain and the harm that happens.
These intricacies may incorporate—loss of motion, vision misfortune, and decreased
capacity to talk or get words, disarray, or memory misfortune. These complications
made brain hemorrhage an emergency condition that requires immediate treatment.
Diagnosing a brain drain could be troublesome as certain individuals do not give any
physical indications. Specialists need to do take the assistance of a CT scan or MRI
scan so as to locate the specific area of the seeping in the mind. CT pictures are known
to claim numerous points of interest over MRI. Along these lines, the standard of
CT pictures is sufficiently high to precisely analyse Intracranial Brain Hemorrhage.
PC supported determination frameworks (CAD), as their name proposes, use PCs
to assist specialists with arriving at a quick and exact conclusion. They have been
the focal point of numerous scientists since they depend on preparing and examining
pictures of various pieces of the human body for brisk and exact outcomes. Computer
aided design frameworks are normally area explicit as they are advanced for certain
particular sorts of infections, portions of the body, analysis techniques, and so on.
They investigate various assortments of information, for example, manifestations,
research facility test results, clinical pictures, and so on depending on their space.
One of the most generally perceived sorts of determination is the one that depends
on clinical pictures. Such frameworks are helpful on the grounds that they can be
incorporated with the product of the clinical imaging machine so as to deliver a
brisk and precise finding. Then again, they can be trying since they consolidate the
components of man-made reasoning and advanced picture preparing (Fig. 1).

The rest of the paper is organized as follows: In Session 2 Literature survey
is discussed, in Session 3 proposed system is described, Session 4 describes the
implementation, Session 5 explains the experimentation and results and finally in
Session 6 conclusion is given of our main proceedings series.
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Fig. 1 CT scan images of five types of brain hemorrhages

2 Literature Survey

The paper [1] mainly discussed the pre-segmentation process. In this the techniques of
dividing the input image into four quadrants using the method of splitting and merging
are used. This is called as pre-segmentation of imaging. The pre-segmentation can
be done with the following methods: (1) Thresholding: in thresholding the pixels
of the input image is given certain threshold values and those pixels are mapped to
related areas. (2) Region growing technique. (3) Supervised segmentation methods
and unsupervised segmentation methods. Process of segmentation is as follows: as
a first step the image is split into quadrants. Then histogram and pixel values are
computed for each quadrant separately. The succeeding process for the above step is
comparing each histogram value and pixel value with the predefined threshold criteria
(or) histogram, pixel values. The final step is taking only the region of abnormality
that is detected and feeding this as input to the segmentation process.

In [2] the method includes a combination of the machine with knowledge
discovery techniques. During a CT scan the Intracranial pixel depth is noted. Based
on the depth the pixel intensities are normalized using depth-dependent gray level
normalization and the dense area of the intracranial region is segmented with the
process of region growing and multi-resolution thresholding. The succeeding step
is the construction of the decision tree by applying the algorithm. The first step in
the method is pre-processing, and it involves the separation of pixels containing
the extracranial part and the skull (intracranial pixels). This is used for recognition,
measurement, and classification of a hematoma. In the next step the optimal threshold
is chosen for hematoma segmentation by human experts and this differs from case to
case which leads to instability. In the succeeding step the identification of the largest
area containing Intracranial hematoma is done by considering the largest connected
hyperdense region and excluding other smaller hyperdense regions. The final step is
the construction of a decision tree using algorithm. Limitations: there is difficulty in
recognizing subdural and epidural hematomas.

In [3] there is much focus on Cerebral Ischemia and had been said that if cerebral
ischemia developed once there might not be a successful or complete cure for the
abnormality. The method involved is based on the average thickness of the blood
layer and based on thickness, and it is divided into grades such as good, recovery,
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dead scaling them as 1, 2, and 3. Computed Tomography (CT) scanned images are
given as input to the process. It is described in this process that a thick localized
subarachnoid layer of blood or diffusion of blood might lead to delayed cerebral
ischemia. This method only focuses on Cerebral Ischemia.

In [4] there is an automatic classification of images into two classes based on
features. The two classes are abnormal and normal. This classification involves four
phases. Pre-process includes the separation of pixels containing the extracranial part
and intracranial part. In feature extraction the original dataset is restricted, and these
extracted features serve as training data and saved into feature library. Next, they
applied the SVM classifier and KNN classifier. While performing this method it was
observed that the K-Nearest Neighbors classifier yielded better results in comparison
with the SVM classifier. The postprocessing step is performed after image is classified
as abnormal. In the post-processing step the image of the skull is removed and then
the abnormal region is extracted. Generally, for removing skull we use brightest pixel
cells as the brain matter appears in grey color. This approach categorizes only two
classes (abnormal and normal) and gives generic results without any specific label.

In [5, 6] the cerebral microbleed is visualized by using susceptibility-weighted
imaging (SWI). Here depending on susceptibility-weighted imaging they constructed
rank based average pooling to identify cerebral microbleed. For detection of cerebral
microbleed, Convolutional Neural Network is used which contains multiple layers.
ReLU layer is used to map the convolution layer with SoftMax activation, tangent
activation and Rectified linear unit activation. It is more effective than the convolu-
tion layer. So, it is more popular. The convolutional layer may have a greater number
of elements in the feature set which will lead to dimension disaster termed as overfit-
ting. In this situation pooling plays a major role that replaces the clusters of related
elements in the feature set with statistic summary value. This is done using a pooling
function. The last advance is rank-based normal pooling which incorporates a normal
of non-zero negative actuations. Rank-based normal pooling can beat the issue of
loss of helpful data which is brought about by normal pooling and most extreme
pooling. This is a very complex method and has a computational burden.

In [7] the method proposed is a densely connected neural network which is called
densenet. To detect cerebral microbleeds the algorithm used is densenet. A sliding
window is utilized to cover the arrangement of unique pictures from left to right and
through and through. The objective worth is chosen dependent on the focal pixel of the
sub models. Later the cost matrix will be employed, based on the comparison between
the entries in the cost matrix and target value final abnormality region is detected.
Following are the steps included in this algorithm: (1) Traditional Convolutional
Neural Network: the layer age of straight enactment, the capacity is done by means
of convolutions [8]. The following layer, for example, ReLU layer, is utilized to
outline convolution layer with SoftMax enactment, digression actuation, Rectified
straight unit initiation, and so on. It is more effective than the convolution layer.
So, it is more popular. (2) Densenet: It is used to establish connections between
layers. These connections are used for feature maps. The layers that are between the
blocks are called transition layers. Each layer receives information from its previous
layer. (3) Transfer learning: it is based on fully convolutional multiscale residual
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densenets. It considers the labeled samples to get high classification accuracy. It is
meant to retrain the later layers of densenet. The usage of this transfer learning leads
to an increase in accuracy rate.

In [9, 10] a complete CNN is trained with computed tomography (CT) scans. The
algorithm resulted in high accuracy for the detection of acute Intracranial Hemor-
rhage. This algorithm has shown more accurate results than the measurements that
are calculated by 2–4 radiologists.

The method used in [11, 12] is 3D quantitative analysis which performs 3D
measurements of the parameters of the Intracerebral Brain Hemorrhage region based
on computed tomography (CT) images. This resultant data is correlated with patient
mortality. The image segmentation in this is done using a clustering algorithm whose
strategy is based on fuzzy c-means which minimizes the objective function that repre-
sents the distance of feature vectors from the cluster centers. Based on the features of
the clusters rule-based labelling is done whose components include fact-list, knowl-
edgebase (or) rule-base, and inference engine. The labelling is done on the area, the
color of the region. This is taken as input for the final step. This method not always
perform correct segmentation.

In [13–15] the first step is pre-processing which includes division of the image
into four quadrants called segmentation. Pre-processing is done using a tracking
algorithm to separate skull images from the Gray dura matter in the CT scan image.
Among these four regions the most vulnerable region which has the possibility of
abnormality is considered and remaining regions are excluded. The next step is
a grouping of all the identical homogenous regions to point out the abnormality.
Following are the segmentation methods that are used: (1) Thresholding: it compares
the pixel values with the threshold values. (2) Region growing techniques: it extracts
useful or connected regions. (3) Supervised and unsupervised method: in this method
there is the segmentation of the image in the training stage. Compared to supervised,
unsupervised is efficient and less error sensitive. This method is not fully automatic.
It requires a lot of human intervention.

3 Proposed Method

The proposed method includes CT scan images as the input datasets. Initially CT
Scan images are converted into the format that a network/model can take as input.
Images are converted into jpeg format. Later the images are processed so as to analyze
the images accurately. Otsu’s strategy is utilized with the end goal of segmentation.
In general, it is a method to segment an advanced picture into numerous regions
bolstered a few rules like arrangements of pixels, and so forth. Noise and unwanted
pixels from the image are removed such as the skull part of the image which is of high
intensity. The objective of the segment is to disentangle a picture to be increasingly
significant and simpler to examine. Numerous methodologies for division exist, for
example, thresholding and grouping. This stage sections the cerebrum picture into a
few locales with the goal that we can segregate the ROI (the drain district). The result
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of this stage is regularly used to distinguish the presence of hemorrhages with most
extreme exactness. Later classification of images is done using the Weka tool. Otsu’s
method of segmentation also minimizes the within-class variance of the system by
finding a threshold value automatically based upon the pixel values, probability
values of a segment. Morphological operations and region growing techniques can
be used to obtain further improvements on the segmented image and finally most
filtered part of ROI is obtained and features like the area of ROI, the axis of ROI,
the circumference of ROI, distance between skull and ROI are extracted, and they
are fed into a neural network through a feature vector pattern. For the extraction
of features accurately Region props tool of MATLAB is used. For the purpose of
classification between various types of hemorrhages the shape of ROI plays a major
role generally for Epidural and Intraparenchymal hemorrhages, there is a convex hull
that is present in the region of Interest whereas for subdural hemorrhage it is concave
in shape. The Region surrounding the ROI is called Bounding Box, which also plays
an important role to extract features of region of interest (ROI). The extracted features
from ROI will be stored as input to train the model. The kind of hemorrhage is then
recognized based on the neural network which is trained. Once the set of input and
output images are saved at that instance then there will be a saved network which is
called a Network file. Later working of a network file is determined using a training
percentage method.

3.1 Preprocessing

Preprocessing is the beginning step of the method that involves removal of high
intensity pixel part of the image such as the skull part and removal of noise. Later the
image is segmented into parts so that it becomes easy for the purpose of analyzing
and it is done by the OTSU’S method which has 100% of accuracy and clustering of
segments with similar properties is made so that identification abnormalities become
easy.

3.2 Segmentation

Segmentation step is continued by the feature extraction step which is main step
to group segments with similar properties together and then later feed into a neural
network. The pixel intensity of the brightest part of the skull is about 250 pixels, and it
must be removed in order to identify the part that has abnormality. It is done through
MATLAB. Image based cad system is used for the purpose of image segmentation.
Later based on the properties of segmented part the type of hemorrhage is detected
using a classifier algorithm (Type detection algorithm).

Type Detection Algorithm (Segmentation)
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1: BTD (Ss, p, q, Cc, W) � Ss CT scan Data set. n count of feature. C classifier
W is vector.

2: Dd ← BUILDDATASET1 (Ss, p, q)
3: for c ∈ Cc do
4: Acu ← TESTINCLASSIFIER (Dd, c, wc)
5: end for
6: return c Acu
7: end
8: BUILDDATASET1 (Ss, p, q) � Ss Scan Dataset. n count of feature
9: Assign Dd to empty
10: for j ← 0,9 do
11: tt ← EXTRACINTFEATURE (j, n)
12: add tt to the end of Dd
13: end for
14: return Dd
15: end
16: EXTRACTINFEATURE (j, n) � i brains CT scan
17: j is ≥ 251, j = 0; Apply steps 18 to 23
18: perform Otsu j
19: morphological j
20: regions growing j
21: region props
22: classifier
23: return vi
24: end
25: TESTINCLASSIFIER (Dd, c, wc)
26: partition Dd into 10 subset: Dd0..Dd9
27: for k ← 0,9 do
28: Ta ← Dk
29: Tb ← Sk = 0,…,9
30: calculate accuracy
31: return avg of Aj’s for j = 0 to 9
32: end for
33: end procedure.

3.3 Morphological Techniques

The followings are the morphological techniques used Opening-by-remaking, shut-
ting by-remaking, Supplement picture, Compute territorial maxima, Superimpose the
picture, Process Background Markers, Watershed Transformation and the Segmen-
tation, Imagine the Result, Evacuate Background Noise. Morphological operations
basically remove the background and then dilates the inner segment region. An image
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Fig. 2 Haemorrhagic region after applying segmentation and pre-processing techniques

containing potential regions with suspicious mass is the result of morphological
operations.

3.4 Obtaining Region of Interest

Figure 2 highlighted images that indicate the hemorrhagic region after applying
segmentation and pre-processing techniques. Region growing starts from a single
point and then expand from that point by finding the region that is similar to that
of the seed region. At the end of this step ‘Region of Interest’ is obtained which
is utilized as contribution for ‘Neural Network’ and furthermore as training set.
ROI is very crucial for the success of the proposed system. Resultant image after
applying region growing techniques will be blank for normal brain image, whereas
there will be some portion of image existing for brain image in abnormal condition
after application of region growing technique.

4 Experimentation and Results

Experiments were done by changing the parameters given to the model: changing the
way the data was split was tried by toggling the value of the shuffle argument—True
or False as shown in Fig. 3. The change has not got any specific modifications to
the output of the model. This has happened as little number of samples was utilized
for performing segmentation. Next by changing the image size to 256X256 and the
batch size to 64, the training process a lot more slower compared to when the values
were set to 128 × 128 and 32 which trained the model approximately in 25 min.
The training loss for the 256 × 256 images started learning later because the batch
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Fig. 3 (a) Loss vs Epoch: for 256X256 image size (b) Loss vs Epoch: for 128X128 image size

size was doubled and further we think it did not reach it. The model trained on 50
epochs but could have been appropriately trained for less number of epochs. This
experiment mainly focused on segmentation of the data and localizing the affected
area.

5 Conclusion

Automated frameworks for grouping medical images have increased a phenomenal
degree of consideration recently. It has considerable impact in recognizing the exis-
tence of cerebral hemorrhage (the paired characterization issue) and in the event
that it exists classification of hemorrhage is done and also problem of multiclass
is also resolved. Although there are some algorithms which detect the hemorrhage
efficiently and produce reasonable results, they are having few limitations like few
algorithms find it difficult in recognizing subdural and epidural hematomas, few of
them cannot detect subarachnoid hemorrhage, few consume more power and some
are not suitable for large datasets, having longer computation time. Main cause for
these limitations is existence of standardized procedures in less numbers. Since the
diagnosis of Brain Hemorrhage is the very complicative and sensitive task, accuracy
and reliability are given much priority. The investigations indicate that later pre-
handling CT Scans, the double arrangement issue untraveled with 100% exactness.
Additionally, the actualized framework accomplished over 92% exactness for the
order issue of deciding the discharge type utilizing convolutional neural systems as a
classifier. The outcomes are truly promising and more elevated levels of exactness for
the characterization issue will be accomplished by getting a vastly improved dataset
with high-level goals pictures held legitimately from the CT scanner. Also, unique
element extraction and highlight choice procedures could be utilized to improve the
presentation of the framework.



464 K. V. Sharada et al.

References

1. Li, Y., Hu, Q., Wu, J., & Chen, Z. (2009). A hybrid approach to detection of brain hemorrhage
candidates from clinical head ct scans. In 2009 Sixth International Conference on Fuzzy Systems
and Knowledge Discovery. vol. 1. IEEE.

2. Liao, CC., Xiao, F., Wong, J. M., & Chiang, I. J. (2008). A knowledge discovery approach to
diagnosing intracranial hematomas on brain CT: recognition, measurement and classification.
In International conference on medical biometrics. Berlin, Heidelberg, Springer.

3. Bhadauria, H. S., & Dewal, M. L. (2014). Intracranial hemorrhage detection using spatial
fuzzy c-mean and region-based active contour on brain CT imaging. Signal, Image and Video
Processing, 8(2), 357–364.

4. Mohsen, F., Pomonis, S., & Illingworth, R. (1984). Prediction of delayed cerebral ischaemia
after subarachnoid haemorrhage by computed tomography. Journal of Neurology, Neurosurgery
& Psychiatry, 47(11), 1197–1202.

5. Kyaw, M. M. (2013). Pre-segmentation for the computer aided diagnosis system. International
Journal of Computer Science & Information Technology, 5(1), 79.

6. Dou, Q., Chen, H., Yu, L., Zhao, L., Qin, J., Wang, D., & Heng, P. A. (2016). Automatic
detection of cerebral microbleeds from MR images via 3D convolutional neural networks.
IEEE transactions on medical imaging, 35(5), 1182–1195.

7. Ramteke, R. J., & Monali, K. Y. (2012). Automatic medical image classification and abnor-
mality detection k-nearest neighbour. International Journal of Advanced Computer Research
2(4), 190–196.

8. Wang, S., Jiang, Y., Hou, X., Cheng, H., & Du, S. (2017). Cerebral micro-bleed detection
based on the convolution neural network with rank based average pooling. IEEE Access, 5,
16576–16583.
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Covid-19 Spread Analysis

Srinivas Kanakala and Vempaty Prashanthi

Abstract Based on the public datasets afforded by John Hopkins University and
Canadian health authorities, we developed a forecasting model of Covid-19 after
analyzing the spread. Data related to the cumulative amount of definite cases, per
day, in each country and another dataset consisting of various life factors, scored
by the people living in each country around the globe. We are going to merge these
two datasets to see if there is any relationship between the spread of the virus in
a country by preprocessing, merging and finding correlation between datasets we
will calculate needed measures and prepare them for an analysis, then we will try to
predict the spread of cases by using various methods. Time series data tracking the
number of people affected by the coronavirus globally, including confirmed cases
of the coronavirus, the number of people who have died due to the coronavirus and
the number of people who have recovered from the deadly infection. Data science
can give accurate pictures of coronavirus outcomes and also helps in tracking the
spread. Secondly using Covid-19 data, we can make supply chain logistics decisions
in spreadsheets supplies of personal protective equipment and ventilators to hospi-
tals and clinics across the world. An analysis of the country, by state and region,
identifying locations of highest need for supplies and ventilators according to the
dataset collected. This is called a supply plan. Finally, create a set of visualizations
and then add these visualizations to a presentation so that we can report on findings.

1 Introduction

The tale Covid that began in Wuhan, China, has spread to practically all nations and
was announced as pandemic [1]. The degree of this flare-up is fast. It is difficult to
precisely survey the lethality of this infection and it has all the earmarks of being
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unmistakably more deadly than the Covid that caused SARS and MERS. Researchers
[2] have recognized two new strains of the Covid, demonstrating it is now been
changed at any rate once. The greatest test is an obscure number of individuals have
been contaminated by the infection without getting indicative. These individuals
are transporters of the infection without themselves giving any indications. At first,
individuals who gave no indications of disease were not isolated and this prompts
the spread of the infection at a gigantic rate. The infection is additionally appeared to
influence its hosts lopsidedly. Youngsters appear to be less inclined to be tainted while
the moderately aged and more seasoned grown-ups are mysteriously contaminated.
Men are bound to kick the bucket from the contamination contrasted with ladies,
and furthermore individuals with a more fragile safe framework, Type 2 diabetes and
hypertension. Be that as it may, as of late numerous alive and well youthful people
have kicked the bucket from the contamination making it much harder to comprehend
the impact of Covid-19 [3, 4].

2 Literature Survey

Coronavirus Fig. 1 is the overwhelming illness brought about by and was called
Covid. This new virus was vague before and started in Wuhan, China, in December
2019. Coronavirus is a pandemic affecting many countries.

Fig. 1 Coronavirus
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2.1 Symptoms

The indications of Covid-19 [5] are general influenza like and a few patients increase
an great kind of pneumonia. Patients have fever, muscle pain and body throbs, hacks
and sore throat about following six days of getting the contamination. The huge
people feel truly desperate and frail and improve all alone, yet a minority of patients
will deteriorate following 5–7 days of ailment and the patients have windedness and
exacerbating hack. The hack is dry and not wet. It is even observed that patients have
solid cerebral pains. Furthermore, the side effects are somewhat unique in relation to
influenza. People tainted from the infection might not have a virus. However, a few
people do not become ill while being contaminated and are spreading the infection
to new has. These individuals ought not to be all over town spreading the illness.
Individuals who got tainted and have been effectively restored have likewise got
contaminated by the Covid-19 once more. Making it much harder to contain the
episode. There is no anti-microbial to treat the Covid-19 and it may not be accessible
until the spring of 2021. This makes it much more imperative to take preventive
activities.

2.2 No Symptoms

Coronavirus is basically extended with respiratory beads detached by somebody
who is hacking or has other effects, like fever or sluggishness [6]. Many people who
have coronavirus experience just mellow indications. These are the symptoms in the
beginning. Most as of late it has been indicated that elevated levels of the infection
are available in respiratory discharges during the “presymptomatic period that can a
days ago to over seven days” before the fever and hack normal for Covid-19. This
capacity of the infection to be communicated by individuals without side effects is a
significant purpose behind the pandemic. Some news show that persons who are not
having any manifestations can communicate the virus.

2.3 Coronavirus Modes of Spread

The Covid spreads principally from one person to other [7]. This occurs among
peoples who are close to each other. Beads which are created when a contaminated
individual hacks or wheezes may land in the mouths or noses of individuals who are
close by, or potentially be breathed in into their lungs. An individual contaminated
with Covid—even one without any side effects may emanate vaporizers when they
talk or relax. Mist concentrates are irresistible viral particles that can buoy or float
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around noticeable all around for as long as three hours. One can be affected by Covid-
19 when he touches an item which has virus and then touches their own mouth, nose,
or conceivably eyes.

2.4 Importance of Social Distance and Self-isolation

Every person should maintain social distancing of about 6 ft or more from others.
Schools, gatherings, occasions, malls, etc. do not maintain any social distancing.
Therefore, these are closed during Covid. This will help the society from virus, as
the spread will be controlled. Self-isolation is an important measure that should be
taken by the people who is affected by coronavirus. He or she should be isolated in
separate room, even from family members. These people should not go to crowdie
places like schools, etc. Take clinical assistance. If you do not live in a region with
intestinal sickness or dengue fever kindly do the accompanying.

3 Existing System

Aarogya Setu: It is an Indian Covid-19 APP. “Contact following, Syndromic plan-
ning and Self-evaluation” computerized administration, fundamentally a portable
application, created by the National Informatics Center under the Ministry of Elec-
tronics and Information Technology (MeitY). The cause for this application is to
make people familiar with Covid-19 for well-being of people. It is an app which
needs the mobile phone’s GPS and Bluetooth to follow the Covid contamination.
The app can be accessed from Android and iOS versatile frameworks. With the help
of Bluetooth, it indicates danger when one comes close (inside six feet of) to you
who is with coronavirus, by viewing the database of cases around India. With the
help of GPS, it can detect whether the region is a place with contaminated zone.

Drawbacks of Existing System:

• It is forced through leader request with no legitimization.
• Recently, Robert Baptiste has tweeted that safety weaknesses in Aarogya Setu

permitted programmers to realize who is tainted or not well in their preferred
region. He additionally gave subtleties of what number of individuals were unwell
and contaminated at the PM’s Office, the India Parliament and the Home Office.

• The application’s Terms of Service (TOS) gives restricted obligation to the admin-
istration. In this way, there is no administration responsibility in the event of
information burglary of clients.
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4 Proposed System

We developed a new model of Covid-19 after analyzing the spread. Data related to
the cumulative no of confirmed cases, per day, in each Country and another dataset
consisting of various life factors, scored by the people living in each country around
the globe. We are going to merge these two datasets to see if there is any relationship
between the spread of the virus in a country by preprocessing [8, 9], merging and
finding correlation between datasets we will calculate needed measures and prepare
them for an Analysis, then we will try to predict the spread of cases by using various
methods. Time series data tracking the number of people affected by the coronavirus
globally, including confirmed cases of the coronavirus, the number of people who
have died due to the coronavirus and the number of people who have recovered from
the deadly infection. Data preprocessing [10, 11] is a data mining technique which
is used to transform the raw data in a useful and efficient format.

Steps Involved in Data Preprocessing:

1. Data Cleaning: The information may have numerous insignificant and missed
parts. To deal with such things, information cleaning is finished. This includes
treatment of missed information, boisterous information and so on.

(a) Missing Data: This condition comes when some information is not
present. This can be obtained from different techniques such as:
(i) Ignore the Tuples: This method is appropriate when the dataset is

huge and different qualities are not present in a tuple.
(ii) Fill the Missing Qualities: There are many methods to fill this.

One can do this physically, by characteristic mean or the most likely
worth.

(b) Uproarious Data: Noisy information is a negligible information that
cannot be deciphered by machines. It tends to be produced because of
flawed information assortment, information section mistakes and so on.
It very well may be dealt with in following manners.
(i) Binning Method: This strategy chips away at arranged information

so as to smooth it. The entire information is isolated into portions of
equivalent size and afterward different strategies are performed to
finish the errand. Each fragmented is dealt with independently. We
can supplant information of section by the mean or limit esteems
could be utilized to finish the errand.

(ii) Relapse: Here information is turned smooth by fitting it into relapse
function. The relapse utilized might be straight or various

(iii) Bunching: This methodology bunches the comparative informa-
tion in a group. The anomalies might be not detected or else it
comes under outside the bunches.
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2. Data Transformation: This progression is taken so as to change the information
in fitting structures appropriate for mining measure. This includes Normaliza-
tion, Attribute Selection, Discretization, Concept Hierarchy Generation.

3. Data Reduction: Since information mining is a method that is utilized to deal
with colossal measure of information. While working with gigantic volume of
information, examination got more diligently in such cases. So as to dispose of
this, we utilize information decrease method. It means to expand the capacity
effectiveness and decrease information stockpiling and investigation costs. The
different strides to information decrease are Data Cube aggregation, Attribute
Subset Selection, Numerosity Reduction, Dimensionality Reduction.

5 Proposed System

The supply logistics from the USA are considered. This set is cleaned by removing
the unnecessary columns. It narrows down the data to information we need the most.
This prevents distraction and enables a clear idea of what needs to be analyzed.
Calculating the vent creating a pivot table in python. Since the values are extremely
clumped, we can sort by a required filter such as region like MidWest. We use a legend
to depict this. We have shown a pie chart representation to give a clear picture of the
distribution in Fig. 2 since we have many states and matplotlib does a rudimentary
view of the analysis. Calculating the ventilator requirements for each state in the US.

Fig. 2 Covid crisis pie chart
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We take the number of patients hospitalized and the number of cumulative ventilators
available to get the required number.

A specific case study to observe the number of cases in China, India and Japan
show in Fig. 3. We can see that the rate of cases in the origin country of the virus
has the maximum cases and since the other two countries are in close proximity, the
cases have spread and also on a similar level in India and Japan.

The spread of the virus in India can be seen by the 21st day where the sudden
spike is evident shown in Fig. 4. The government issued lockdown to flatten this
spike of increase shown in Fig. 5.

Fig. 3 Specific case study to observe the number of cases in China, India and Japan

Fig. 4 Spread of the virus in India can be seen by the 21st day
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Fig. 5 For first 21 days coronavirus spread

Corona cases versus GDP: Does the wealth of a country mean less corona cases?
It does not seem so. In fact, developing countries have a lesser risk than developed
countries as per our studies shown in Fig. 7. We have tried to correlate the number
of cases and the development of a country. This can be due to various reasons like
climatic conditions, etc. However, this is not due to lack of testing kits on the contrary
in developing countries (Fig. 6).

Fig. 6 Corona cases versus GDP
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Fig. 7 Future spread based on cases and GDP per capita

6 Conclusion

In this digital world, new data and information on the coronavirus and the progress
of the occurrence have become accessible at an exceptional pace. Even though,
tough questions stay without answer and exact answers to predict the dynamics of
the situation will not receive in such stage. Analyzing and predicting the spread of
viruses with the existing data will help us to have a better understanding to prevent
the spread and to take preventive measures. To fight with coronavirus, we have to
take care of ourselves and follow all the safety measures and rules that have been
given by the government. Everyone can play a part in helping scientists to fight the
coronavirus.
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Exploring the Fog Computing
Technology in Development of IoT
Applications

Chaitanya Nukala, Varagiri Shailaja, A. V. Lakshmi Prasuna, and B. Swetha

Abstract In the 21st era, IoT is assuming a significant part in creating Smart urban
communities. With the development of IoT, information is developing with increasing
speed. As the information is developing the need to store information is likewise
expanding. More the information, the dormancy will be high to store and recover
information from the cloud. The idea of mist processing was started to reduce the
inertness for getting to information to and from the cloud. Haze processing gives
the capacity, figuring just as systems administration administrations toward the end
purpose of the system. Haze hubs likewise have restricted computational abilities.
Because of certain shortcomings, haze figuring and distributed computing can’t
continue alone, so both these advances are coordinated to fabricate keen IoT foun-
dation for Smart city. Mist figuring have a significant job and preeminent duty being
developed of a Smart city. This paper examines different utilization of mist regis-
tering and their usage in Smart urban areas. It additionally proposes a model for
Waste administration framework in a city. Mist figuring can assist with overseeing
the waste assortment of the city in a keen manner. Based on our survey, a few open
concerns and difficulties of mist processing are examined, and the bearings for future
analysts have additionally been talked about.
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1 Introduction

A creating number of physical articles are being related with the IoT [1]. It is the
interconnection of different physical elements that pass on and exchange data the
sensors, shrewd meters, telephones and vehicles, radio-recurrence distinguishing
proof (RFID) labels, and actuator [2]. The interconnection of these devices enables
shrewd IoT applications like following on the web trucked merchandise, condition
observing, medical services keen home and savvy framework, and so forth.

IoT devices make a great deal of data, which procure tremendous figuring office,
stockpiling zone, and correspondence information move limit. Cisco said 50 billion
gadgets could be associated by Internet in 2020 [3], and it will build 500 billion by
2025 [4].

The idea of mist figuring was presented by Cisco in the year 2012 [5]. The begin-
ning objective of haze registering is to upgrade the profitability and to diminish
volume of information which is moved to cloud for preparing. For ease, the board
of all assets haze layer go about as a middle among gadgets and cloud server farms.
Haze processing can offer types of assistance in different zones i.e. observation,
transportation division, clever urban areas, medical services, and keen structures.
Mist figuring can be utilized in various kinds of IoT administrations [5–7]. To start
with, Smart E-Health Gateway can be utilized for patients to checking their wellbeing
status [8]. Crisis caution can be enacted and send the alerts to the proprietor [9]. A
haze based Electronic Data Interchange (EDI) is an exhaustive virtualized device
outfitted with the capacity, transmission and registering limit [5].

Further segments of the article are clarified as follows: Sect. 2 contains Moti-
vation of the investigation, Sect. 3 explains the Layered design of IoT and mist
processing and how it can function for keen utilizations of IoT, Sect. 4 examines
uses of IoT and haze registering, Sect. 5 clarifies load adjusting in mist figuring
condition, Sect. 6 examine the proposed philosophy, Sect. 7 has been regarding open
issues and supportive gestures lastly Sect. 8 finish up the paper and clarifies the
opportunity of Future.

2 Motivation

This manuscript provides gives a short conversation of the application territories of
IoT and FC. The fundamental ideas of IoT and FC are talked about that incorporates
points of interest, hindrances, and engineering of FC.

Mist layer requires load adjusting to accomplish asset productivity, stay away
from over-burden in the system, to improve framework execution, and furthermore
to ensure the framework against disappointments. The inspiration of this paper is
to investigating the keen waste administration framework which incorporates load
adjusting on the haze layer. This paper likewise talks about different open issues and
difficulties looked in mist conditions.
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Fig. 1 Layers of IoT architecture [10]

3 Layered Framework of IOT and FC

3.1 Layered Framework of IOT

IoT has been arrangement of devices that send, share, and use data from the physical
condition to offer types of assistance to individuals, endeavors, and society. The
essential three-layer engineering is appeared in Fig. 1 [10].

(a) Layer of Sensors: This detect and collecting information from nature. Sensors,
scanner tag marks, RFID labels, GPS, camera, and actuator are available in
this layer

(b) Layer of Network: This utilized to assemble the information from sensor and
sends to the web. Liable for organize layer is interfacing with other savvy things,
arrange gadgets, and workers. Its features are moreover used for communi-
cating and handling sensor data. Utilizing various advancements, different
kinds of conventions and heterogeneous systems are accumulated.

(c) Layer of Middleware: This gets information from layer Network. Its inspiration
is administration the board, information stream the executives, and security
control. It moreover performs information taking care of and takes decisions
normally taking into account results.

(d) Layer of Application: It gets information from the Middleware layer and gives
overall administration of the application.

3.2 Layered Architecture of FC

The class of CC for example FC have three layer engineering. The lower layer
contains IoT gadgets. Mist layer is the center layer. IoT gadgets are coupled to cloud
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Fig. 2 Architecture of Fog computing

layer through mist layer. Entire gadgets store their information on the cloud. The
haze layer channels information, and the information which isn’t quickly needed is
diverted to the cloud. The every now and again got to information is put away on the
mist layer. Layered design of FC is clarified as beneath: Fig. 2 shows the engineering
of FC.

• Brilliant IoT gadgets: The a great many sensors hubs and implanted frame-
works having low transfer speed and low inertness are utilized at this layer. Savvy
gadgets like brilliant structures, advanced cells, workstations, shrewd power bulbs,
keen vehicles, and so forth can be considered as IoT gadgets which gather the
information and send this information to the haze layer [14].

• Haze Layer: Network layer of haze is additionally partitioned into two sections:
Fog system and Core organize.

Network of Fog: It incorporates 3G/4G/5G/LTE/Wi-Fi and so forth multi-edge
benefits that are utilized to interface distinctive detecting gadgets with the haze hubs.
Haze hubs are utilized to channel information assembled by method of IoT gadgets
and not regularly utilized information is diverted to the upper layer for example cloud
layer.

Network of Core: QoS, manifold protocol Label Switching (MPLS), manifold-
cast, and security were deliberated at this phase [11].

• Layer of Cloud: It incorporates a great deal of server farms and cloud facilitating
IoT investigation. The colossal information accumulated through various IoT
gadgets are put away in the huge server farms situated at different areas on the
planet.
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4 Applications of FC and IOT

Haze works in dispersed condition. It offers types of assistance to the last client at the
edge gadget. FC have different application regions where we can incorporate with
IoT that can be examined as follows:

a. Meticulous Healthcare: In view of dirtied condition different sorts of micro-
scopic organisms have been being spread noticeable all around which causes
different ailments.
Each individual has occupied today as a result of quick ways of life. Shrewd
healthcare has the brilliant IoT which monitors exercises of individuals and
measures different boundaries of their body and continues transferring the infor-
mation on the haze hubs, which have been being seen by the specialists. The
information put away on the haze hubs have been being utilized by specialists
to treat the patients inside time. The individuals have been wearing insightful
gadgets and these have been additionally connected to mist hubs which have
been ceaselessly sending the estimations of body boundaries (temperature,
pulse, and so on.) so as to the mist hubs. These wise wearable gadgets help
to monitor individuals’ wellbeing [7].

b. Meticulous Parking: Because of much increment in transportation in the urban
communities, all the more parking spots have been required. Individuals need to
meander to a great extent to locate the fitting parking spot for them. FC presented
a novel thought of Meticulous stopping. With the utilization of FC the stopping
spaces can be introduced with the sensors which continue following climate the
parking have been a has vacant or full [12].

c. Meticulous Agriculture: Agribusiness has the wide territory to be given consid-
eration since has zone has from where all the urban communities have been
getting food. Brilliant agribusiness idea has been introduced in most recent
couple of years. Shrewd detecting and figuring have been playing a critical
obligation in keen agribusiness. A couple of savvy agribusiness approaches
have been imagined around there. Brilliant water system frameworks have been
given. Shrewd sensors have been being repaired in the fields [13]. FC gives a
stage to working the sensors in the fields, which have been ceaselessly watching
the yields. The sensors identify necessities of the harvests and persistently store
information in the haze hubs which send the cautions to the ranchers about the
prerequisites of the yields. The shrewd farming assumes an essential function
for building a brilliant city.

d. Meticulous Waste administration: The earth has corrupting step by step, and
to moderate the planet we require sharp consideration towards the normal assets.
Presently days, day by day developing waste and water exhaustion from the earth
looks for more consideration. Keen trash the board framework can be named
the answers for improvement of condition in this time. Such keen frameworks
will be created with the assistance of cloud just as FC to gather and deal with
the waste all the more proficiently [8].
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Fig. 3 Balancing of load in network

5 Load Balancing in FC Environment

In a system, scarcely any frameworks stay under-stacked sooner or later stretch, while
the others convey the whole heap of the system. To keep up the heap in a reasonable
plan, “Burden Balancing” gets vital. “Burden Balancing endeavors to disperse the
heap in indistinguishable extents all through assets relying upon response capacity
all together that each valuable asset isn’t over-burden or underutilized in a cloud
device” [14]. Burden adjusting additionally needed to be done to dodge halt and
diminish the worker flood issue. Figure 3 shows the heap adjusting.

A portion of the objectives of mist based burden adjusting are talked about as
underneath:

• In instance of failure of system, the balancing of load offers plans for backup.
• Consequently, performance could be enhanced.

6 Projected Methodology

The novel waste administration network has been projected in this manuscript by
modifying the load at the layer of mist. Here, projected method comprises of three
phases: mist, datacenters of cloud, gadgets related to sensor. It could be stated that
comprise of sensors. Moreover, these canisters smart would tied up further over the
layer of mist that data of channels have to be transferred towards cloud. The balancer
of burden would adapt mist hubs heap. Moreover, it might distinct the similar heap
on entire hubs.

These hubs of haze would readily create the messages for advising the transporters
of trash for waster gathering. The sensors of security would established in canisters
that lighten regarding receptacles. Further, in instance, anybody might try for canis-
ters tempering, where these sensors would start signal clamoring that might spare
by considering receptacles. Further, the containers smart would be linked by 3G or
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Fig. 4 Load balancing model

4G towards layer of mist. The application would be formed for contributing overall
circumstance. The ensuing Fig. 4 shows the proposed model of burden adjusting
framework.

7 Open Issues and Encouragements

There were divergent open issues, which could be worked in an addition. Here,
accompanying could be examined further:

• Interaction among hubs: further, it might be examined in addition to explore the
engineering by which hubs of haze might interact over one another.

• Recognition devices: the gadgets that are smart were exorbitant than another
fundamental market components. Here, these could be deliberated deprived of
any issue.

• It could be a significant issue in this contemporary world. FC pre-requisite more
computations of security for real-time practice.

• It shall be in condition of mist. As it causes challenges when pair of workers have
been loaded very much, while other workers would be stacked beneath.
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• Effectiveness of energy: The effectiveness of energy could a prominent in FC test.
The mist utilizing force has to be lessened.

8 Conclusion and Future Scope

The objective of this manuscript portrays joining of IoT and FC for assisting divergent
implementations. What’s more, load adjusting has been proposed. Next to, a couple
of uses, including the brilliant farming, keen medical services, shrewd stopping, and
savvy squander the executives showed. The basic purpose behind this survey is to give
a significant perception and preferences of IoT and its fuse with mist/edge processing
and how burden adjusting should be possible when FC incorporated with IoT. There
are still more open regions for future analysts, for example, Haze organizing, asset
provisioning, greater headway in transportation.
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Abstract

With the ever-increasing technology widgets and media, there is enough awareness of
good and bad in the surroundings. Unemployment or abundant money is making
people to indulge in crime. Throughout the world, crime prediction and prevention are
the two major issues of all governments for the safety and security of their citizens.
With machine learning and data mining techniques to predict unknown events, crime
data analysis and prediction has attracted the attention of many researchers in recent
times. There is still generalized, accurate and optimized requirement of crime data
analysis and prediction models. This work proposes to address crime data analysis and
prediction using visual analytics and machine learning algorithms on Kaggle crime
dataset. The proposed models provide better insights on the crime zones and
frequency of occurrences of certain crimes in a zone. We have compared Naïve
Bayesian and Random Forest Machine Learning Models to predict the crime, and we
have noticed that our models exhibited better accuracy.
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Abstract

The main Theme of this work is to implement a

crop detector tool which is used to detect the type

of crop and disease by taking crop images. The

image of crop is given as input to the tool and it

gives the name of the crop and disease if it effected

with any disease. This work will help people to

identify the crops which are not known to them. It

is very difficult for the farmers to identify the crop

disease with their naked eye to take what type of

fertilizers to use on crops. For this work there is a

require in depth knowledge to know the types of

diseases. So to make it easier this tool also detects
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if any leaf is infected with any disease. By using the

machine learning algorithms such as convolutional

neural network and training the dataset with

various crop images, if the input matches with any

of the trained data, the output is displayed that is

the name of the crop and type of disease hence

farmers can take immediate remedial to avoid the

effect of disease.
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