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PREFACE

Soft computing techniques are always helpful in solving various problems. 
These techniques have the ability to handle complex, uncertain, and 
imprecise information. Keeping in view the same, we present Applied Soft 

Computing Techniques: Theoretical Principles and Practical Applications, 
which consists of 25 chapters. All the chapters are arranged in five sections, 
namely: biomedical applications, communication technologies, data analytics 
and applications, image processing, and natural language processing.

There are eight works in total from the biomedical applications domain, 
covering some of the critical healthcare issues such as cancer data analysis, 
depression and mental health analysis, heart disease detection, and so on. 
Communication systems frequently contend with intricate and ever-changing 
data, and soft computing methodologies can assist in tackling the obstacles 
associated with signal processing, network optimization, quality of service, 
and beyond.

In this book, four chapters have been included from the communications 
domain, which discuss some important issues on the same. Similarly, five 
chapters from the data analytics domain have been presented in this volume, 
discussing data compression, handling of large-scaled heterogeneous 
databases, visualization techniques, and so on. Soft computing techniques 
are widely used in image processing. The four chapters included in this 
book provide a discussion on human face recognition, casualty detection, 
traffic sign recognition, and soil features prediction using satellite imagery. 
The fifth section of the book includes some works on natural language 
processing.

Applied Soft Computing Techniques: Theoretical Principles and Practical 

Applications transcends beyond a mere book and assumes the role of a 
conduit that facilitates the amalgamation of theoretical principles and practical 
applications, the convergence of academic pursuits and industrial endeavors, 
and the symbiotic connection between an inquisitive intellect and the 
instrumental resources necessary to effectuate a substantive influence. Whether 
one is an erudite researcher in quest of inspiration, an eager student yearning 
for knowledge, or a seasoned professional embarking on a quest for solutions, 
this written work proffers an abundance of wisdom and serves as a launching 
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pad for individual investigations. The editors hope readers will benefit from the 
works included in the book.

Finally, the editors would like to express their sincere gratitude to all 
the authors, reviewers, and the publisher Apple Academic Press, USA, for 
making this book possible.



INTRODUCTION

Applied soft computing pertains to the pragmatic application of diverse 
soft computing methods and approaches to resolve actuality problems and 
confront practical hurdles across a broad spectrum of domains and sectors. 
Soft computing techniques are particularly valuable in situations where 
traditional, rule-based approaches may be insufficient. It encompasses a 
collection of computational techniques that draw inspiration from the cognitive 
processes and decision-making abilities of human beings, frequently tackling 
information characterized by uncertainty, imprecision, and complexity.

In the realm of Applied Soft Computing professionals frequently engage 
in the following activities:

• Identify actual situations or undertakings that can derive advantages 
from the attributes of soft computing, such as its capacity to manage 
intricate data, conform to dynamic circumstances, and offer resolu-
tions even in the presence of incomplete or imprecise information.

• Choose and tailor suitable soft computing methods or algorithms 
according to the inherent characteristics of the problem. For instance, 
when confronted with uncertain environments, fuzzy logic may prove 
to be a fitting choice for decision-making, whereas neural networks 
might display exceptional performance in tasks involving pattern 
recognition.

• Operationalize and amalgamate these methodologies into pragmatic 
systems or applications, it is frequently imperative to engage in 
programming, data preprocessing, model training, and the assimila-
tion of other technologies.

• Evaluate the performance of the applied soft computing system and 
fine-tune it as needed to achieve the desired results.

Soft computing methodologies are highly advantageous in resolving 
practical issues owing to their capability to handle intricate, unpredictable, 
and indistinct circumstances that frequently typify real-world situations. 
A wide range of applications are there in the domains of biomedical and 
healthcare, communication and control, data analytics, image processing, 
natural language processing, and so on.
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Soft computing methods have a crucial impact on the enhancement 
of healthcare, the acceleration of medical research, and the improvement 
of patient outcomes through the resolution of the inherent intricacy and 
unpredictability found in biomedical data and processes. These techniques 
facilitate more precise identification, treatment, and comprehension of 
biological and medical phenomena. Soft computing techniques have found 
numerous applications in the areas of medical image analysis, disease 
diagnosis and risk assessment, drug discovery and design, bioinformatics, 
patient monitoring and healthcare management, neuroscience and brain-
computer interfaces, drug dosage optimization, biomedical signal processing, 
rehabilitation and assistive technologies, genomic data analysis, etc.

These techniques can be further employed in a multitude of manners 
to augment and ameliorate communication technologies. Communication 
systems frequently contend with intricate and ever-changing data, and soft 
computing methodologies can assist in tackling the obstacles associated with 
signal processing, network optimization, quality of service, and beyond.

Data analytics refers to the systematic process of examining, purifying, 
reformatting, and interpreting data to uncover meaningful insights, recurring 
patterns, prevailing trends, and valuable knowledge that can be utilized to 
facilitate decision-making. This endeavor necessitates the employment of a 
diverse array of techniques and tools to extract invaluable information from 
voluminous and intricate datasets. The realm of data analytics encompasses 
a broad spectrum of activities, encompassing data exploration, the applica-
tion of descriptive statistics, data visualization, predictive modeling, and 
more. These undertakings are applied to data derived from various sources, 
such as commercial transactions, sensory input, social media, and scientific 
experiments, to acquire a more profound comprehension of the fundamental 
phenomena or to inform business strategies.

The application of soft computing techniques in the domain of image 
processing is constantly progressing, thereby offering novel resolutions 
to a diverse array of image-centric obstacles in a multitude of sectors, 
encompassing healthcare, entertainment, security, and scientific research. 
These methodologies facilitate a higher degree of precision and efficacy in 
the manipulation and examination of visual data, ultimately enriching our 
capacity to extract valuable insights from images.

Natural language processing (NLP) constitutes a branch of artificial 
intelligence (AI) which directs its attention toward the interaction taking place 
between computers and humans via natural language. It encompasses the 
creation of algorithms and models that empower computers to comprehend, 
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decipher, and produce human language in a manner that is both purposeful 
and advantageous. NLP assumes a crucial function in serving as a connection 
between human communication and computer comprehension. Soft 
computing is highly advantageous in the domain of NLP, owing to the innate 
intricacies, uncertainties, and vagueness that are prevalent in human language. 
NLP, which pertains to the realm of AI, concentrates on the interplay between 
computers and natural human language, encompassing various tasks such 
as textual examination, vocal recognition, mechanical translation, sentiment 
analysis, and additional endeavors.

Finally, it can be said that the soft computing techniques offer a compre-
hensive and flexible set of tools to tackle the intricacy and uncertainty that 
are inherent in real-world challenges. These techniques enable systems 
to acquire knowledge from data, engage in logical reasoning like human 
cognition, and arrive at well-informed judgments. Consequently, this leads 
to heightened effectiveness, superior decision-making, and augmented 
problem-solving capabilities in diverse fields.
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CHAPTER 1

SOFT COMPUTING ALGORITHMS 
AND THEIR APPLICATION ON BREAST 
CANCER DATA CLASSIFICATION: AN 
EXPERIMENTAL ANALYSIS

JUNED A. SIDDIQUI and SAKSHEE VAIDYA

Medi-Caps University, Indore, Madhya Pradesh, India

ABSTRACT

Breast cancer is a disease which has high morbidity and mortality. Breast 
cells are the starting point for the development of breast cancer. Cancer 
starts when old, damaged cells start to multiply uncontrollably. Breast 
cancer has the highest incidence rate of any cancer in women and the second 
highest incidence rate of any cancer in the world. Analysis of the dataset of 
cancer patients can give us a more personalized and early approach to the 
treatment. Data mining techniques using Machine learning and artificial 
intelligence algorithms help us to classify, analyze, and also visualize this 
kind of data. This research is done to predict if it is possible to employ data 
mining methods for the classification and analysis of dataset for categories 
such as breast cancer cell data. The accuracy and the error of the applied 
algorithms, that is, artificial neural network (ANN) and k-nearest-neighbor 
algorithm (KNN) are also found. RStudio is the environment on which 
these algorithms are run using the R programing language. Two algorithms 
ANN and the KNN are applied giving an accuracy of 94.59%, an error of 
6.4%, and 52% for KNN.
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1.1 INTRODUCTION

Globally, cancer of the breast is a lethal illness and one of the main roots 
that cause female death. Normally, human cells grow and multiply, cell 
division forms new cells because the body requires them. New cells take 
their place when the existing cells become damaged or grow old or they 
die. The abnormal/damaged cells start to grow and multiply, when this 
process breaks down. Early detection might increase the probability of better 
treatment and viability. Usually, X-rays are able to detect the small lumps 
that are formed or even physical examination might help in the detection of 
the presence of lumps in the breast. It occurs majorly in women, but men are 
also at risk of getting breast cancer. The majority of breast lumps are mild 
(noncancerous) instead of malignant (cancerous). Normal tumors do not 
grow and spread through or grow into nearby tissues. When removed, most 
dangerous tumors do not grow back, but some might grow back. By using 
statistical methods, we can classify if the cancer is benign or malignant. 
The majority of the patients are unable to identify if their symptoms are 
cancerous or noncancerous. With the help of data mining techniques, 
we analyze the dataset and try to understand if the artificial intelligence 
algorithms are helpful in the classification of the dataset to provide ways, 
for better and early detection and treatments possible. Some of the previous 
works on this kind of dataset include “Implementation of data mining and 
methods for classification regarding breast cancer detection and prognosis”.2 
Over the last decade, there has been continuous progress in cancer research.3 
Researchers used various methods, such as screening, to find out how far 
along the cancer is before signs show up. Furthermore, specialists have 
come up with novel techniques for predicting cancer treatment outcomes 
early on. New technologies make precise cancer prediction the most 
difficult and intriguing challenge for physicians. Within the discipline of 
biomedical, the rate at which fresh data is accumulated is staggeringly high.4 
This information is a valuable resource for health researchers. From past 
experiences, the process of gaining information and expertise from data is 
facilitated by machine learning. It helps find a hard-to-see pattern in a vast, 
noisy dataset. The WHO says the identification of cancer in the breast is the 
greatest significant challenge facing the field of current medical research.4 
Every year, the amount of reported cases grows. Survival rates and rates of 
relapse (cancer coming back after therapy) are two aspects of breast cancer. 
These are critical breast phenomena. Cancer behavior is inextricably linked 
to the patient’s death. After lung cancer, cancer of the breast is the next 
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underlying reason of mortality among women, cancer of the lungs is the top 
cause of death among men.22 In comparison to the United States, the amount 
of newly diagnosed breast cancer patients in India 21 is smaller, but breast 
cancer fatalities are much higher. As a result, predicting breast cancer early is 
crucial. It is possible to forecast the onset of disease by analyzing indicators 
in the data. To get the desired accuracy of breast cancer predictions, this 
study compares several ML methods. Due to the success of its technique in 
predicting and classifying, machine learning is seeing increasing use in the 
medical arena, notably in medical diagnostics for identifying breast cancer, 
and is now often used in biomedical research.

The goal is to combine the information presented in several reviews and 
technical papers dealing with the detection and prognosis of breast cancer. 
It makes available a snapshot of the state of the art in breast cancer research 
by summing together the findings from a number of different datasets using 
data mining tools, breast cancer diagnoses and prognoses can be made better. 
However, with a large amount of data being generated every second, it is 
difficult to find information, or the extraction of information has become 
difficult. With the help of advanced tools such as R programing language 
and RStudio, it has become possible. For operational demonstration, the 
author6 has done a case investigation looking at big data and a forecast 
model about fertility. “Breast cancer detection using ML,” 20189 focuses 
on the fact that during a woman’s lifetime, about 8% of females each year 
are affected by breast cancer, and the algorithms for machine learning can 
be applied to diagnosing and classifying breast cancer. As algorithms are 
subtypes due to their high degree of accuracy in the categorization process 
and robust diagnostic capabilities breast cancer. Hence, the authors suggest 
contrasting the two brand-new approaches, and a cross-validation evalua-
tion of their accuracy. The accuracy obtained is 97.51 and 96.19% for the 
k-nearest-neighbor algorithm (KNN) and Naïve Bayes machine learning 
algorithms, respectively.8 In Support vector machine (SVM)-based hybrid 
approach is considered the best approach. Mitigation of the issues through 
the structure of sentiment, as well as the principles for sentiment calculation, 
are mentioned. Methods such as Naïve Bayes (NB), the use of SVMs, and 
the maximum entropy (ME) method are used to fulfill the task of sentiment 
categorization in conjunction with other classifiers are posted. The research 
on early cancer detection10 demonstrates five machine learning methods: 
SVM, KNN, K-SVM, the use of random forest tree, and the use of decision 
tree. with an accuracy of 97.20, 95.10, 96.50, 98.60, and 95.80% for breast 
cancer detection, respectively on the data archive for machine learning 
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repositories to identify cancer in the breast. In Ref. [18], tools such as 
convolutional and recurrent neural networks are mentioned. The author also 
emphasized the importance of analyzing sentiments. Aspect-based sentiment 
analysis is the notified topic. The author1 defines sentiment analysis and the 
need for it using a real-life pandemic, COVID-19. The proposed techniques 
include machine learning algorithms such as Nave Bayes. The author13 is 
considering stock market data majorly in this. Data analysis and prediction 
are performed on this type of data using machine learning algorithms. It’s 
possible that conventional data analytics5 can’t deal with the massive amounts 
of data involved here. The author sites some of the analyses that are implied, 
including sampling of data, data compression, density-based methods, 
grid-based methods, divide and conquer, progressive learning, distributed 
computing, and application of PCA. With all these methods in consideration, 
the author cites the analysis of large data to derive knowledge. With a large 
amount of data being generated every second,6 it is difficult to find informa-
tion or the extraction of information has become difficult. With the help of 
advanced tools, that is, R programing language and RStudio, it has become 
possible. For operational demonstration, the author has conducted a study 
by analyzing big data and a predictive model related to fertility.17 In this 
paper, the authors discussed breast cancer’s high morbidity and mortality. 
The authors also pointed out the absence of robust prognostic models, which 
makes it challenging for medical professionals to create a plan of action that 
has a chance of increasing patient survival. Consequently, the focus of this 
research is on constructing algorithms with the smallest possible error to 
improve precision. The research compares using a variety of datasets, four 
different algorithms (SVM, Logistic Regression, the Random Forest algo-
rithm, and KNN) which are able to predict cancer of the breast. The purpose 
of this research is to make predictions on the effectiveness of the algorithms. 
The obtained SVM’s accuracy (97.13%) is better than that of C4.5, Naïve 
Bayes, and k-NN are all models with an accuracy that ranges from 95.12% 
to 95.28%.16 The objective is to increase the percentage of breast tumors that 
are diagnosed at an earlier stage, which will allow for better treatment and a 
reduction in breast cancer-related mortality. A Chaotic-Jaya online sequen-
tial extreme learning machine (OSELM) model for cancer classification has 
been discussed in.23

Due to its high morbidity and mortality rates, the risk of women 
developing breast cancer is significant. It is well known that due to the lack 
of reliable prognostic designs, it is challenging for medical professionals to 
create a plan of action that can add years to the life of a patient., hence it is 
urgent to develop a classification system with low error and high precision. 
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In this study, the breast cancer prognosis predicting algorithms artificial 
neural network (ANN) and KNN are compared on a self-created dataset. 
This manuscript is divided into sections comprising of theory, simulation, 
result and discussion, and also the conclusion.

1.2 BACKGROUND

1.2.1 MACHINE LEARNING AND DATA MINING

One of the branches of artificial intelligence is the field of machine learning, 
this enables software strategies to get better at accurately anticipating 
outcomes without having to be explicitly coded to do so. It is composed of 
three primary subtypes: learning under supervision, learning without super-
vision, and learning through reinforcement. Each subtype has its subtype. 
When there is already a framework of inputs and outputs being established, 
supervised learning is the method that is utilized. The naming of places and 
things is done accurately here. Unsupervised Learning is utilized by the 
system in situations in which the pattern is unknown to it and there is no 
appropriate structure present. The naming of the names is not done correctly. 
Reinforcement learning is utilized whenever there is communication between 
the system and an ever-changing environment. Machine learning algorithms 
are the suite of tools for creating and testing prediction, pattern recognition, 
and classification algorithms.

Data mining extracts knowledge from data. It helps us gather information 
which is relevant, useful, beneficial and economical for any organization. 
Machine learning and artificial intelligence algorithms are used to mine the 
information from the sea of data. We make use of a variety of approaches, 
each of which is optimized for a certain goal. Each approach has a set of 
benefits as well as some potential drawbacks. Some of the machine learning 
algorithms are discussed below-

A typical use of the data mining technique known as the “decision tree” is 
the early detection of breast cancer in its more treatable stages. A decision tree 
helps to analyze the data fully by forming multiple trees and their subtrees. 
It is mainly used for both classification and regression of the data. It is also 
possible to understand it as a particular kind of rule set, which is distinguished 
by the hierarchical structure of the rules that it contains.

SVM is a supervised machine learning algorithm. It focuses on finding a 
hyperplane and classifying from the assembled data. Classification of both 
linear and nonlinear data is performed using this statistical learning theory. 
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It seeks to avoid over-fitting of the data by maximizing the margin of hyper-
plane separation.

Naïve Bayes is one of the most effective probability-finding classifica-
tion algorithms based on the Naïve Bayes theorem. Class membership for 
the specified tuple to the specified class is detected based on the maximum 
probability. Both a test set and a training set are included in the dataset. It is 
parametric.

1.2.2 EXPERIMENTAL PROTOCOL

The two algorithms that are applied to the self-created dataset are KNN and 
ANN. Both of these algorithms are applied and their accuracies and error are 
noted. Visualization of the created dataset is done with the help of plotting 
commands such as pie chart, histogram, density plot, and corrplot function 
of R language.

i. ANN: An ANN is a computer network created to simulate the way 
neurons in the brain work. It tries to copy the human neuron functioning 
and provide us with accurate results. It is comprised of interconnected 
information processing units. It is good at storing information on the 
entire network, has parallel processing ability, has fault tolerance, the 
ability to train the machine, and also the ability to work with inadequate 
knowledge. Adjusting the hidden layer, momentum, and learning rate 
maximizes value. The linear threshold gate separates inputs into two 
categories of benign (2) or malignant (4).

Therefore, the output Y is in binary format. Equations have been 
used to mathematically characterize this function:

 Sum = 
1

N

i ii
I w

=∑  (1.1)

 Y = f
 
(Sum) (1.2)

Here, w
i
…. w

n
 are the weight values of the inputs provided which 

are normalized. The sum represents the weighted sum and also is a 
threshold constant. I

i
… I

n
 are the inputs, respectively. “f” is a linear 

step function at the threshold.
KNN: KNN is an example of an algorithm for supervised 

learning. It works well with numeric variables and classification 
problems. It is meant to be used with a collection of information 
in which the datasets are divided into many groups to forecast the 
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categorization of fresh sample data points. It is called a lazy learning 
model with local approximation. It assumes the new data point to be 
similar to the neighbor and derives the output. It looks for k neigh-
bors and comes up with the prediction. k is kept as an odd number for 
calculating a convincing majority in this scenario, in which there are 
only two potential factions, that is, class benign (2) or malignant (4). 
Euclidean distance is used to find the nearest neighbor.

 ED = √ [(X2 – X1) 2 + (Y2 – Y1) 2] (1.3)

where ED is the Euclidean distance between the two points whose 
distance we are calculating.

 (X1, Y1) are the coordinates for the first point.
 (X2, Y2) are the coordinates for the second point.

1.3 SIMULATION

1.3.1 SIMULATION ENVIRONMENT

We utilized RStudio, an integrated development environment (IDE) 
designed specifically used for statistical computing and data analysis. It is 
a popular option among those who work in data science, statisticians, and 
researchers because RStudio provides a comprehensive collection of tools 
and features that increase the productivity and efficiency of programers. 
This RStudio provides an intuitive interface that simplifies the development 
process and facilitates data exploration and visualization. Consequently, 
we use it for classification and clustering in data analysis. It is primarily 
accessible in two formats: RStudio Desktop and RStudio Server. However, 
in this work, RStudio Desktop is used. The same has been depicted in 
Figure 1.1.

Dataset: The self-created dataset consists of 50 rows of observations 
and 11 columns consisting of headings—patient identification (ID) number, 
Marginal adhesion, cell shape, clump thickness, cell size, epithelial, bare 
nuclei, bland chromatin, normal nucleoli, mitoses, and class. The class is 
a binary value, that is, 2 or 4, where 2 stands for benign type of cancer 
and 4 stands for cancer type. In the dataset that was made, there are no lost 
numbers. The dataset is created manually only to check if the algorithms 
work for these kinds of data, as in real-life situations, the data received will 
be similar but not the same as the same data.
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FIGURE 1.1 Flow diagram.

1.4 RESULT AND DISCUSSION

By applying algorithms such as ANN and KNN to our created dataset, we 
found that this data mining strategy may be helpful in the classification 
between benign and malignant types of breast cancer. Different visualiza-
tion techniques were also used for the same. ANN gave us an accuracy of 
94.59%, an error of 6.4% for classification and KNN gave us an accuracy of 
52% for our created dataset.

Figure 1.2 shows that from the total of 50 observations taken, 46.3% of 
patients have a benign type (noncancerous) tumor and 53.7% of patients 
have a malignant type (cancerous) tumor.

The above density plot (Fig. 1.3) has the density of the number of the two 
different categories benign and malignant tumor vs cell size plotted on the 
same scale for the analyses of individual parameters in the two categories.
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TABLE 1.1 Summary for Created Dataset.

Patient ID Clump thick Cell size Cell shape Mar 

adhesion

Epithelial Bare nuclei Bland 

chromatin

Normal 

nucleoli

Mitoses Class

1000025 1 6 2 8 10 10 5 3 1 4

1016277 2 2 4 9 7 7 2 3 2 4

1017122 3 2 5 7 5 2 1 5 3 2

1033078 6 4 7 6 8 4 3 7 4 2

1048672 4 5 3 4 9 5 4 3 5 4

1056784 7 4 8 10 3 2 6 8 6 2

1079304 8 6 9 3 10 6 2 3 7 2

1103722 9 5 10 2 7 1 7 9 8 2

1110102 1 7 2 6 3 7 8 1 9 4

1116192 3 5 6 5 6 8 10 10 10 4
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FIGURE 1.2 Pie chart for classification.

FIGURE 1.3 Density plot for density vs. cell size of benign and malignant tumor.
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FIGURE 1.4 Circle correlation plot.

FIGURE 1.5 Number correlation plot.
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FIGURE 1.6 Histogram for clump thickness.

FIGURE 1.7 Histogram for cell shape.

Both the histograms are plotted for the individual parameter’s catego-
rization and analysis purpose. This will help in the analysis of individual 
categories as we are able to see the frequency of the number of patients in 
each parameter and this might also help in the pattern recognition process. 
Here data6 refers to the created dataset, which when imported to RStudio 
was renamed as data 6.

Figures 1.4 and 1.5 represent the circle and number correlation plots, 
respectively. The correlation plot is a table showing the correlation coef-
ficients between the different variables/parameters. The diagonal of the table 
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always contains 1 because the correlation between a variable and itself is 
always 1. The circle plot represents the correlation with the help of different 
size and color circles whereas the number plot presents the value in each box 
for correlation between parameters.

1.5 CONCLUSION

Accuracy varies with different datasets. However, because of variables such 
as earlier detection, customized therapy, and disease understanding breast 
cancer survival rates have increased and the amount of deaths attributable to 
the disease has steadily decreased. Our target is to build a precise and reliable 
classifier for the breast cancer cells dataset. By applying these algorithms, we 
found out that this type of analysis might prove to be beneficial, to classify the 
number of patients having different types of cancer in a given dataset. In this 
paper, with the created dataset, ANN has been a more efficacious algorithm 
to classify the breast cancer information database.
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CHAPTER 2

ABSTRACT

Currently, India has the highest cardiovascular disease (CVD) patients in the 
world. According to the year 2016 data, 54.5 million heart patients1 are in 
India with a mortality rate of 1:4. According to WHO, India is accountable 
for one-fifth of this noncommunicable disease deaths.2 Aside from medicinal 
treatment, the tracking of heart patients is very much necessary for the early 
management of the patient. Referring to the above information about CVD, 
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here an Internet of Things (IoT) application is proposed especially for 
tracking heart patients. This work is designed with Arduino Uno and a heart-
beat sensor (Amped) along with a global system for mobile communications 
(GSM) and a global positioning system (GPS) module. The proposed system 
enables the patient concerned person with all details such as heart rate infor-
mation and current position of the heart patient through a smartphone so that 
medical aid can be supplied immediately.

2.1 INTRODUCTION

Accurate heart rate monitoring is mostly possible in the medical center 
with the help of ECG machine where electrodes are attached to the human 
body with the help of wires and patches. However, the said method is a 
colossal process and needs technical knowledge to handle. Besides the ECG 
technique, there are two ways to measure the heart rate; one is manually 
checking the pulses in the wrist or neck and the other is the use of heartbeat 
sensors. Nowadays, using a heartbeat sensor is very handy as it comes in 
different shapes and sizes. These sensors are available now in smart watches, 
smartphones, chest straps, etc. where instead of mere reading, the related 
information can also be stored and distributed through the Internet using 
different IoT devices such as Arduino, Raspberry Pi, etc. The principle 
behind the heart rate sensor is photoplethysmography. According to this, the 
change in the volume of blood in an organ is measured by the change in the 
intensity of light passing through that organ.

2.2 LITERATURE SURVEY

Being a low-cost IoT device, Arduino is used in many applications such 
as medical, sensing, military, home automation, fault detection, and many 
more3–10 with real-life implementation. In,3 Arduino Uno is used to detect the 
fault in optical fiber line by sensing the received power from the transmitter 
end. An LDR with an operational amplifier (Opamp) is used as a sensor and 
the behavior of the circuit is simulated by Proteus integrated set of information 
systems (ISIS) simulation software. A web-based design is also proposed to 
monitor the date and time of the fault occurrence. The Arduino is used4 for 
sending and receiving the binary information [on-off keying (OOK) signal] 
through visible light communication links. Two Arduino are implemented 
in the transmitting and receiving ends each where the light-emitting diode 
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(LED) is used for transmitting and a light-dependent resistor (LDR) is used 
for receiving the binary signal through the visible spectrum. Here, not only 
binary signal is communicated between two Arduino boards but also any 
electrical gadget can be controlled by sending the electrical control pulses. 
The Proteus ISIS simulation is realized in this work for validating the 
hardware. The image processing research is carried out5 for the detection 
of motion via Arduino Uno. The MATLAB image processing toolbox is 
simulated through Proteus ISIS with other hardware like a webcam, LCD, 
and buzzer for realizing object detection. A remote sensing-based home 
automation system using Arduino Uno is realized in.6 In the first part, the 
sensors are controlled through a smartphone manually and in the second 
part, the devices are controlled by an automatic management system. For 
the automatic management system, MATLAB graphical user interface (GUI) 
platform is designed with Arduino for easy and smart controlling operation. 
A home automation system for physically challenged people is proposed7 
using a brain-controlled interface (BCI). The human brain signal is analyzed 
by different electrodes which are placed on the head and converted into raw 
waveform and transmitted toward the Arduino board through Bluetooth 
module. Then Arduino triggers the required devices through various relays 
to perform the desired operation. A smart energy-saving system is proposed,8 
where Arduino Uno is used as pressure sensor via a piezoelectric sensor made 
of Rochelle salt. The work is validated experimentally and found useful in 
energy saving application in bridges and tunnels by turning on the lighting 
system when the vehicle enters the bridge and turned off when it crosses. The 
Arduino is proposed9 for the measurement of urban air parameters such as 
CO, PM 2.5, CO

2
, temperature, and humidity and further the said parameters 

are analyzed and forecasted. A combination of Arduino Uno, NANO, and 
XBee modules are implemented10 to monitor the different parameters like 
heart rate, temperature, rumination, and humidity of cattle. By this, the 
farmers are profited by being watchful to spot any decline in cattle health.

Arduino is implemented in road condition detection device (RCDD)11 in 
real-time detection with the help of an Android-based smartphone. Here, an 
Android user interface (AAP) is used to fetch the GPS location whenever 
an abnormal road condition is found. Then the information is spread to 
the nearby vehicle for improving the driver’s safety and efficiency. A new 
Arduino-based potentiostat is demonstrated12 to sense the hydrogen peroxide 
for the implementation of chronoamperometry and cyclic voltammetry 
functionality. In the agricultural plant monitoring system, Arduino is also 
used13–16 for checking the various external factors like air, soil, light and other 
environmental parameters which can impact the harvests. Here, Ubidots IoT 
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cloud platform is realized to collect the required parameters from Arduino 
and also the information is sent to the user’s smartphone. To regulate the 
volumetric water contents in soil, Arduino is proposed17 for an improved 
green irrigation system. Soil moisture is controlled by using Arduino18 with 
other hardwires. In Ref. [19], the Arduino is used as a core control system 
of an obstacle avoidance wheeled robot equipped with infrared tracking, a 
motor driver, and power modules.

Pertaining to healthcare, Arduino plays a vital role. Several sensors20 are 
incorporated for different parameters like body temperature, pulse oximeter, 
and airflow sensor to process the relevant information either locally or by 
using the cloud. An e-platform is implemented with MATLAB platform for 
reading the relevant data flawlessly. This is realized experimentally by consid-
ering 15 candidates between 21 and 52 years including both male and female. 
In Ref. [21], Arduino is employed to design a prototype for the diabetes 
patient community with the help of a Bluetooth-based glucometer and an 
Android mobile app. Smart healthcare monitoring systems are extensively 
used currently by using different sensing devices and processing devices 
with their associated hardware and software as discussed in.22–26 The various 
vital parameters of a patient are monitored using different wearable devices 
where the related information is collected and processed through Arduino 
or Raspberry Pi, which are analyzed by the medical expert to provide the 
necessary aid immediately.22, 23 Not only patient information but also room 
environment parameters24, 25 of a patient are analyzed by medical specialists 
using sensors such as a heartbeat, body temperature, room temperature, CO, 
and CO

2
 information in IoT environment. The heart rate and oxygen level of 

babies (0–18 months) are observed and analyzed using Arduino26 by medical 
practitioners for any irregularities. The real-time information about patient 
health is processed and stored using Arduino and the ThingSpeak website27,28 
and different parameters are also analyzed using the cloud-based server with 
a mobile app.29 By analyzing the breadth of a diabetic patient, the ketone level 
is monitored remotely using Arduino Uno and ESP 8266 Wi-Fi module.30

Aside from the patients, sports person’s health conditions are moni-
tored31,32 by using different wearable devices and cloud servers. An IoT 
application comprising wearable sensors is described31, especially for sports 
personnel. The health details with exercise records are effectively optimized 
by employing machine learning (ML) algorithms. Also, IoT application is 
implemented with the fog assistance wearable sensors networks32 for athletic 
world health. Besides sports health monitoring, Arduino can also be used to 
draw the court lines via an automatic bot.33
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The proposed system represents a groundbreaking integration of soft 
computing methodologies with IoT technology, aiming to revolutionize the 
way patient care is delivered in the context of cardiovascular disease (CVD). 
By harnessing the potential of soft computing techniques, such as artificial 
intelligence (AI), ML, and data analytics, the system enables patient care-
takers to access a wealth of comprehensive information in real time.

One of the key features of the system is its ability to continuously monitor 
the patient’s heart rate, providing caretakers with up-to-date and accurate 
data. This real-time heart rate information allows for proactive interventions 
and timely responses to any abnormalities or distress signals. By leveraging 
soft computing algorithms, the system can detect patterns and trends in the 
heart rate data, enabling early identification of potential risks or anomalies that 
might otherwise go unnoticed. This empowers caretakers to take swift action 
and provide necessary medical attention promptly, potentially preventing 
adverse events or complications.

Additionally, the proposed system incorporates precise geolocation capa-
bilities through the integration of GPS technology. This means that caretakers 
can track the patient's current position in real-time, enhancing the efficiency 
of medical aid dispatch. In emergencies, knowing the exact location of the 
heart patient enables responders to reach the individual quickly and deliver 
targeted interventions. By optimizing the dispatch process through intelligent 
algorithms and data analytics, the system ensures that medical assistance 
reaches the patient in the shortest possible time, maximizing the chances of 
positive outcomes.

The fusion of soft computing techniques with IoT technology holds 
immense promise for enhancing patient care and improving overall health 
outcomes. By leveraging AI and ML algorithms, the system can continuously 
learn from the collected data, adapting and refining its predictive capabilities 
over time. This enables personalized and tailored interventions for each 
patient, as the system gains insights into individual patterns and responses. 
As a result, the system has the potential to optimize treatment plans, minimize 
risks, and improve the overall quality of care provided to CVD patients.

At last, the proposed system represents a significant advancement in 
healthcare technology by combining soft computing methodologies with 
IoT infrastructure. By providing comprehensive real-time heart rate infor-
mation, precise geolocation tracking, and optimizing medical aid dispatch 
through intelligent algorithms, the system empowers caretakers to deliver 
immediate and targeted interventions. This promising fusion of technologies 
has the potential to revolutionize patient care, improve health outcomes, and 
contribute to the ongoing battle against CVDs.
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Precisely, in this work, an emergency health tracking system is designed 
using GSM, GPS, and a heartbeat sensor with Arduino. Here Amped which is 
an Arduino-compatible heartbeat sensor is implemented and the data which 
are generated by the sensor is transmitted via the GSM900A GSM module. 
The GSM module is used to send a message and call the respective person 
to get the details. Also, a GPS module is interfaced with Arduino to send 
the exact location to the concerned person. A 16×2 I2C-based LCD is also 
connected to display the real-time heart rate information.

The entire research article comprises of five sections. The deep insights 
into the system overview have been projected in Section 2.2. Section 2.3 
discusses the circuit description. The implementation and the working of 
the entire system have been thoroughly described in Section 2.4. Finally, the 
conclusion from the entire study has been drawn in Section 2.5.

2.3 SYSTEM OVERVIEW

To implement the proposed work, Arduino Uno with its related IDE is used as 
the prime component of the whole system. Aside from Arduino other hardware 
such as Amped heartbeat sensor, 16×2 LCD (I2C based), LED, push button, 
Buzzer, SIM900A GSM module, GPS module (PA6E-CAM), and jumper wires 
are required. A detailed description of each system component is presented in 
this section. Figure 2.1 shows the block diagram of the proposed system.

2.3.1 AMPED HEART RATE SENSOR

It is an optical heart rate sensor that is compatible with Arduino with plug-and-
play facilities. It is very popular due to its amplification and noise cancelation 
properties for fast and reliable pulse reading. It comes with three connecting 
wires for power [voltage common collector (VCC)], ground (GND), and signal 
(S) which are to be connected to the analog pin of the Arduino. It is operated 
with either 3 or 5 V. It gives a noticeably accurate and reliable pulse reading.

2.3.2 16×2 LCD (I2C BASED)

LCD is used to display the heartbeat of a person locally with the help of the 
Arduino. Instead of a general LCD, an I2C-based LCD is implemented here 
to reduce the pin count while connected with Arduino. Primarily, a simple 
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LCD requires 6 pins (RS, RW, D7, D6, D5, and D4) while an I2C LCD 
needs only two pins [serial data line (SDA) and serial clock line (SCL)] to 
communicate with any microcontroller unit (MCU) thereby reducing four 
pins. The I2C circuitry is packed with the backside of the LCD module called 
the backpack. This type of LCD works with an input/output (I/O) expander 
(PCF8574) for communication via the I2C protocol. Here, PCF8574 provides 
remote I/O expansion for most of the MCU via two bidirectional lines (SDA 
and SCL). This device consists of an 8-bit quasi-bidirectional port and an 
I2C bus interface. The quasi-bidirectional lines act as input and output ports 
without the use of data direction control signals. It also consumes a very low 
current for operation and is capable of handling high-current drive devices. It 
also has an interrupt signal to inform the microcontroller about the incoming 
data available on its port. Here, the communication between I2C-based LCD 
and MCU is held at a 9600 baud rate.

FIGURE 2.1 Block diagram of the proposed system having the major components such as 
Arduino uno, amped sensor, GPS and GPRS module, I2C-based LCD module, buzzer.

2.3.3 SIM900A GSM MODULE

This GSM module can accept any GSM network operator and also acts as a 
simple mobile phone. It is having RS 232 port through which it communi-
cates with the mobile operator. It can also be operated through the universal 
serial bus (USB) port of any personal computer (PC) or any microcontroller 
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directly. It can also be used in general packet radio service (GPRS) mode to 
connect to the Internet for data logging and control operation. It is operated 
by 12V DC and communicated serially through serial pins [receive (Rx) and 
transmit (Tx)].

2.3.4 GPS (PA6E-CAM) MODULE

Commonly, GPS is used to find the exact location in terms of latitude and 
longitude with the help of the satellite on the earth along with the exact 
coordinated universal time (UTC) time. Currently, the GPS module is used 
as the prime component in automobile tracing which collects the location 
coordinates from the corresponding satellite at some time interval with the 
date on a real-time basis. Scientifically, it sends the relevant information in 
the National Marine Electronics Association (NMEA) format. This format 
comprises a number of sentences, in which only one sentence is appropriate 
for user information. Usually, the sentence starts from $GPGGA which is the 
GPS fix data that contains the coordinate, time, and other useful information. 
Users can extract the location information by considering the commas avail-
able in the $GPGGA string. In general, $GPGGA strings are stored in the 
form of an array, then after two commas, latitude can be found, and then after 
two commas longitude is obtained. In the GPS, each satellite has a stable 
atomic clock on board for the dissemination of precise time data which can 
be received by a receiver. This system comprises four satellites in range for 
an accurate “lock” for the earth’s position.

2.4 CIRCUIT DESCRIPTION

The circuit diagram shows, a heartbeat sensor (Amped) for measuring the 
heart rate, a push button switch for making the call and sending the location 
data from GPS via a GSM module (GSM900A), and an I2C-based LCD 
(16×2) to display the heart rate are connected with Arduino Uno to make a 
complete healthcare tracking system for a heart patient. Here, Arduino acts 
as the main controller and processing unit for the whole system. It reads the 
heartrate information from Amped, observes the value for a specified range, 
sends the information to LCD, and also send a message and makes phone 
calls through GSM by using button manually and also sends the location 
information from the GPS module in case of any irregularity in heart rate. 
Figure 2.2 depicts the circuit diagram of the proposed system.
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FIGURE 2.2 Circuit diagram of the proposed system where red and black color wires 
indicate VCC and GND respectively.

About the details of circuit connection, the Amped output is directly 
connected to the analog input (A0) pin of Arduino. The LCD is connected 
with Arduino via SCL and SDA pins of Arduino. Two push button switches 
are added for making a call and sending GPS location to the Arduino digital 
pins 6 and 7. A buzzer is also connected to Arduino digital pin 5 for an 
emergency alert. The Rx and Tx pins of the GSM module are connected 
to the digital pins 10 and 11 of Arduino, respectively. The GPS module is 
connected to Arduino via digital pins 2 and 3. A gist of the connection details 
is provided in Table 2.1.

2.5 LIBRARY FUNCTION, SENSORS VARIABLES WITH PROGRAM 
SEQUENCE

2.5.1 HEADER FILE AND PINS VARIABLES

This work includes four header files for smooth conductance of all the func-
tionalities; SoftwareSerial.h, TinyGPS.h, Wire.h, LiquidCrystal_I2C.h.

SoftwareSerial.h: This header file is used to connect the GPS and GPRS 
module with Arduino through SoftwareSerial library file.34 This library 
file allows the serial communication between GPS, GPRS module, and 
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Arduino microcontroller board. It has a limitation in that it cannot transmit 
and receive simultaneously although multiple software ports are activated. 
The speed of data transmission can go up to 115,200 bps. The advantage of 
using this library is; that it ensures the data exchange serially by any digital 
pins through software. This header file can only be used with Arduino IDE 
version 1.0 and above and only be realized through some specific version of 
Arduino board.

TABLE 2.1 The Connection Details Between Arduino Uno and Other Major Components 
Like Amped Heart Rate Sensor, GPS and GPRS Module, I2C LCD Module, and Push Button 
Switches.

Arduino uno

Heartbeat sensor

Signal (s) Analog pin (A0)

VCC VCC

GND GND

16×2 LCD

SCL SCL

SDA SDA

VCC VCC

GND GND

Push button

Button 1 Analog pin 6

Button 2 Analog pin 7

Buzzer Digital Pin 5

GSM module

Rx Digital pin 10

Tx Digital pin 11

GPS module

Rx Digital pin 2

Tx Digital pin 3

TinyGPS: It is the compact Arduino NMEA (GPS) parsing library which 
is used for parsing NMEA data streams to Arduino.35 It provides compressed 
and user-friendly techniques for extracting the GPS-related information 
from the GPS. It converts the NEMA format GPS information into user 
understandable information. Some inbuilt functions like gps.encode(c), gps.
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get_position(&latitude, &longitude, &age), gps.f_get_position(&flatitude, 
&flongitude, &age) are associated with this library.

Wire.h: This library is used for communication between Arduino and 
I2C devices through two hardware pins; SDA and SCL.36 Internally, it uses 
a 32-byte buffer which simply discards the data if the size exceeds its limit. 
Some of the inbuilt functions include begin(), end(), requestFrom(), begin-
Transmission(), endTransmission(), etc.

LiquidCrystal_I2C.h: This library controls the display functionalities in 
IIC-based LCD devices in a very simple way.37 It is also compatible with 
other AVR family microcontrollers. In the program, some variables are used 
for some specific purpose as shown in Table 2.2.

TABLE 2.2 The Details of Variable and Its Datatypes with their Preassign Value.

Variable name Data types Value

PulsePin Int 0

Buzzer Int 5

Call Int 6

Location Int 7

BPM Volatile Int

Signal Volatile Int

IBI Volatile Int 600

Pulse Volatile Boolean False

QS Volatile Boolean False

2.6 PROGRAM FUNCTIONALITIES DIRECTION

Step 1 When the heart rate is detected from the sensor by Arduino, 
the variable QS becomes true and prints the heart rate value on 
LCD using the same variable and in the serial monitor using the 
variable BPM.

Step 2 When the heart rate goes higher than 120, then the buzzer is acti-
vated using the digitalwrite() function 3 times at some definite 
interval.

Step 3 At the same time, when the user presses the call button, gsmcall() 
is activated to call the respective person’s mobile number.

Step 4 When the user presses the location button, the gpslocation() is 
activated to send the tracking location to the concerned mobile 
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number. After that, the concerned person receives the longitude/ 
latitude information through messaging [short messaging service 
(SMS)]. There is also a provision available to change the person 
mobile number by editing the gsmlocation ().

Step 5 At last, the quantified self-flag is reset for the use of another time.

2.7 IMPLEMENTATION

According to the circuit diagram, the heartbeat monitoring system is designed 
with Arduino Uno, a heartbeat sensor, buttons for making a call and sending 
GPS location, and 16×2 LCD to display the pulse data. Also, it includes a 
GSM and GPS module which helps in sending messages and initiates calls 
by interacting with buttons. Here, Arduino Uno is the major controlling unit 
that controls the whole process of the system such as reading pulses from the 
heartbeat sensor module, calculating heart rate, and sending this data to 16×2 
LCD. The following table describes all the connection details among all the 
sensors and other modules with Arduino Uno.

Figure 2.3 represents the complete hardware implementation of the 
whole system along with a mobile phone operated at the 900 MHz range. 
Here, the GSM module is used to send the coordinates and make a call on a 
mobile phone via message. After finding any irregularity in the value of the 
pulse sensor the GPS sends the coordinates and, in the meantime, the buzzer 
is activated to alert the user. Then the user pushes the button to make the call 
and sent the location information. Arduino extracts the sensor information 
and sends it to a mobile phone using a GSM module via SMS.

Figure 2.4 shows the reading of heartrate from Amped and displaying 
at LCD at regular intervals of time. The value in the COM port is reflected 
at LCD which confirms the accurate reading from Amped. If the heartrate 
information is not within the specified range, then the GPS module sends 
the coordinate of the patient position for sending the SMS and calling 
the responsible person afterward which is shown in Figures 2.5–2.7 
sequentially.

2.8 CONCLUSION

An open-source heart rate monitoring system is successfully implemented 
here using Arduino Uno as a prime component. The Arduino is used to track 
the heart stroke person immediately using GSM and GPS modules. Any 
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abnormality in a patient’s heart can be informed to the responsible person 
through the mobile phone with the exact location and other details. The 
whole system makes a suitable application for an IoT application targeted 
toward heart patients.

FIGURE 2.3 Hardware implementation of the complete system showing all hardwires such 
as Arduino Uno, GPS, and GSM module, and breadboard containing push button switches.

FIGURE 2.4 Display of heartbeat rate on LCD and also the display of heartbeat rate through 
COM3 port.
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FIGURE 2.5 Collecting the location information through GPS Module on COM3 port.

FIGURE 2.6 Receiving the location information (Lat/Long) by mobile phone through SMS.

FIGURE 2.7 Sending the information and calling the person concerned when any irregularity 
of heart rate is found.
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This work can be further improved by connecting more sensors related 
to healthcare such as breadth meter, pressure, force, airflow, oxygen, pulse 
oximetry, temperature sensors, etc. A web-based application can be designed 
for the ICU for continues monitoring the various health related parameters. In 
the web-based application, all the sensors which are interfaced with Arduino 
can transmit the relevant information to Thing Speak (a web server) through 
ESP8266 wirelessly for further action. Besides this, mobile apps can also be 
developed for the benefit of mankind.

The envisioned system harnesses the potential of soft computing meth-
odologies to provide patient caretakers with comprehensive details such as 
real-time heart rate information and precise geolocation through a smart-
phone interface. By employing intelligent algorithms and data analytics, the 
proposed system may help to optimize the efficiency of medical aid dispatch, 
ensuring immediate and targeted interventions. This harmonious fusion of 
soft computing techniques with IoT technology holds significant promise in 
enhancing patient care and improving overall health outcomes.
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CHAPTER 3

ABSTRACT

Depression and anxiety are the most health hazards nowadays for modern 
lifestyle which may lead to suicide. This can be prevented by proper treat-
ment if it is detected well before. The prediction of such things is possible 
now with advent of data science. In this work, the corpus of blog posts in 
social media is collected to identify the depressed people. Here, the various 
text encoding schemes like natural language tool kit, BOW, term frequency–
inverse document frequency are implemented to extract the features and 
applied to Numpy, Panda-like classifiers to differentiate between clinical and 
control subjects to specify the handler mindset.

3.1 INTRODUCTION

The social media platforms like Twitter, Facebook, and Instagram are popular 
in youth at the present time to express their views, expression, thoughts, 
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and so on these posts sometimes indicate their mind states which can be 
analyzed by different tools like machine learning and deep learning. In Ref. 
[1], sentiment analysis is performed by using Bengali text preprocessing and 
count vectorizer and result is predicted by using naïve Bayes with accuracy 
86.7% among six machine learning (ML) models. The LSTM network2 model 
along with perinatal depression screening is used to detect the depression 
level in the Edinburgh Postnatal Depression scale. The article3 realizes the 
NLP to detect the depression level using emotion analysis. In this, support 
vector machine and naïve Bayes classifier are implemented to identify the 
same. The data mining4 is applied on psychology area to find the depressive 
people who are engaged in the social network. A study is carried out5 which 
are based on sentiment analysis approaches with their challenges and related 
future directions. The tweet sentiments are compared by machine learning 
approach in Ref. [6] during the COVID-19 era. The article in Ref. [7] presents 
a review on application of drugs for sentiment analysis by comparing 
various deep learning approaches. In Ref. [8], depression prediction is 
focused on employment field and determines the sadder person between two 
sexes of people. Various soft computing and machine learning techniques 
can be valuable in depression analysis by assisting in the processing and 
interpretation of complex and uncertain data.

Sentiment analysis has become one of the emerging research fields using 
natural language processing. Different algorithms using machine learning 
can be applied to a given paragraph to investigate the sentiment of a human 
being whether he/she is happy or unhappy. The test of the paragraph needs 
to be preprocessed first and then it will be subjected Tokenization by count 
vectorizer. Multinomial naïve Bayes very accurately analyzes the human’s 
sentiment with an accuracy of 86.67%.8 Depression causes mental health 
hazards which result in early age death. Depression leads to suicidal attempts 
and degrades the quality of day-to-day lives. Researchers, nowadays mainly 
focusing on emotions of human beings using artificial intelligence in the area 
of data mining. Huge amount of information in terms of texts and images 
are available from social media itself for sentiment as well as depression 
analysis. NL processing can be applied over Twitter data to investigate 
the severity of depression sufferers. This investigation is carried out by 
classifying individual tweets with support vector machine and naïve Bayes 
as normal or negative basing upon some list of words.2 Automatic systems 
have been proposed to be designed using artificial intelligence for the proper 
diagnosis of depression. The speech is said to possess important features to 
investigate the level of depression. The selection of these important features 
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in speech through manual design consumes labor and time too. The features 
obtained through deep learning procedure in neural networks show superior 
performance than manual handy features. Both features are combined 
together to effectively measure the human depression strategy.9 The features 
through deep earning are obtained from raw speech data by applying deep 
convolutional neural networks to it. Then media robust extended local binary 
patterns descriptor is used to capture the state of art from the spectrogram 
of raw speech data. Then at the end joint fine-tuning layer is proposed 
to capture the complementary information from both manual and deep 
learning features. This method shows better performance in the analysis of 
depression in comparison with audio-based approaches. The lifestyle of a 
person degrades due to depression while he/she is unconscious about the 
fact that he is suffering from such a health hazard. The researcher predicts 
the level of depression for different genders on the basis of their satisfaction 
and dissatisfaction in the current working place.10 The feedback of job 
satisfaction is explored in terms of different factors such as monthly income, 
last job, age, city, occupation, marital status, comments of colleagues, and 
so on. Different ML classifiers such as K neighbors, naïve Bayes, random 
forest classifier, random forest regression, factor analysis are used to predict 
stress level activities in employees indicating their job satisfaction or 
dissatisfaction. This is done through data analysis, data visualization, and 
different ML algorithms. The highest accuracy among all the ML algorithms 
predicts depression more effectively.

Sentiment analysis is carried out through a person’s understanding in 
various circumstances. The entire process involves data analysis and clas-
sification using social media data in terms of text data, emoji’s, and so on 
with various AIML techniques. The highest accuracy among all the ML 
algorithms predicts depression more effectively. Multiclass classifier with 
deep learning algorithms classifies the social media data in a more précised 
way comparison to binary or ternary classifier.11 Cyber network provides 
unlimited horizon for the people to share their daily life activities, their 
remarks, and influence for sentiment analysis. Based upon their posting 
and comments in social media, their severity of stress can be analyzed. This 
huge database along with tweets can be accomplished for sentiment analysis. 
Different machines learning algorithms, BERT sentiment classifier, and a 
deep learning model are unused for analyzing the sentiments.12 Latent Dirichl 
et al. location, which is basically an unsupervised machine learning method, 
is used to scan a group of documents, recognize the word and phrase patterns 
within that group and gather the similar expressions which most suitably 
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describe the documents. This in turn relates the topic to the textual data and 
helps to signify the emotions of online platform user. Several depression 
patients share their feelings via social media during COVID-19 pandemic 
situation. Hence, real-time detection of stressor depression is done using big 
data analysis. The stress detection is done by taking into account demographic 
features and views of Twitter users on patient health questionnaire 9.13 Five 
different ML techniques have been applied such as support vector machine, 
decision tree, naïve Bayes, random forest, and deep learning. Random forest 
technique indicates accurate result in detecting the stress. This model identi-
fies the mental state condition of depression patients. This piece of work is 
dedicated to preventing the suicidal death rate.

The vital information is captured to take decisions during data analysis 
through gathering of data, cleaning of data, transformation and modeling of 
data, interpretation, and visualization of data. Data are collected from big data 
stores like social media platform. Data cleaning is needed to make it error 
free and to achieve that all the redundant words, unnecessary spaces should 
be removed. The collected cleaned data is subjected to data analysis step. The 
analyzed data will then be represented in terms of easy words, flow charts, 
and tables. Then at last the data are visualized in the form of flow charts and 
graphs. Reports are available in literature dealing with binary classification 
where human sentiment is classified as positive polarity and negative 
polarity.14,15 Later, ternary classifier comes into play where the collected 
data are classified as positive, negative, and neutral.16,17 Multiclass classifier 
classifies the data more precisely where data are classified into a number of 
subclasses based upon their polarity.18,19 The sentiment WordNet is basically 
a dictionary which is used to interpret the sentiment of the sentences.20 The 
emotion behind the tweet texts is classified as fear ness, sadness, worries, 
anxieties, joy, and surprise.21 The level of depression is classified as normal, 
mild, borderline, moderate, and severe depression.22 Reshma et al. divides 
the classes into depression, stress, and normal, relax, happy, and unhappy.23 
The feature extraction process extracts and combines some important features 
from the classified groups and in doing this amount of initial data reduces 
along with the redundant data. Term frequency–inverse document frequency 
(TF–IDF), term document matrix, linguistic inquiry, and word count (LIWC) 
are different feature extraction techniques which emphasizes on a particular 
word or group of words and their frequency of occurrence in the classified 
documents based upon which features are to be extracted.24–26

The process of training a system to take accurate decisions is termed ML. 
Different machine learning algorithms are proposed in literature to train the 
machine for making predictions with more accuracy.27,28 Table 3.1 summarizes 
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the level of accuracy using different ML algorithms. The prediction 
accuracy level of support vector machine (SVM), multinominal naïve Bayes 
(MNB), random forest (RF), ensemble vote classifier, gradient boost, and 
K-nearest neighbor was 74.18%, 77.89%, 81.04%, 85.09%, and 79.12%, 
respectively.24,29,30 Govin Gaikward et al. have shown the accuracy level of 
SVM, naïve Bayes (NB), and KNN are 82%, 64%, and 73%, respectively.31 
Solakidis et al. improves the prediction accuracy of multinomial naïve Bayes, 
SVM, LOG to 92.2%, 93.1%, and 93.2%, respectively.32 Chatterjee suggested 
the decision level of naïve Bayes to be 76.7%.33 Jose et al. demonstrated that the 
accuracy level of Senti Word Net (SWN), naïve Bayes, HMM, and ensemble 
approach (EA) are 21.05%, 69.9%, 64.06%, and 71.46%, respectively.34

TABLE 3.1 Comparison of Different Machine Learning Algorithms.

Classifier Accuracy Dataset Paper

SVM 74.18% Twitter [35]

NB, SVM, RF 74.2%,81.2%,72.5% Twitter [24]

MNB, SVM 78%, 79.7% Twitter [17]

SVM, RF 68.57%,84.6% Facebook [36]

MNB, RF, EV 77.89%, 81.04%,85.09% Twitter [29]

NB 76.6 Facebook [33]

MNB, SVM, LOG 92.2%,93.1%,93.2% Facebook [32]

KNN, RF, NB, SVM 72%,82%,71%,79% Twitter [30]

SWN, NB, HMM, EA 21.05%,69.92%,64.06%,71.46% Twitter [34]

MNB, SVM 83%, 79% Twitter [3]

In the current research, a supervised model is proposed to detect the 
depressive words posted on Twitter which indicates whether the corre-
sponding user is gloomy or not and the premature indications of depression.

3.2 PROPOSED WORK

Figures 3.1 and 3.2 show the steps required to execute the proposed work 
which comprises data collection using Twitter API, data preprocessing, data 
training, testing and evaluation, execution of algorithm on 26,000 classi-
fied tweets. Using Google Colab on Google Drive raw data are pulled from 
Twitter API’s, that is, Tweepy. It is reusable library function to pull data from 
open source. In this case, from twitter.developer.com, around 26k tweets are 
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extracted from Twitter API and these tweets contain a three-point ordinal 
scale, that is, Zero to four target variables.

FIGURE 3.1 The schematic diagram of the proposed work.

By NLTK (natural language tool kit) with Pandas’ library functions the 
raw data are fetched to rows and columns in JASON format. Here we will 
have text and ID in rows and columns to preprocess the data, respectively. 
Then the URLs and posts are eliminated which will be followed by string 
operations for handling the textual data. After that, data are pre-processed 
by removing Twitter handles, that is, @ user, links that is Http or https, 
punctuation, numbers, and special characters. These operations will help us to 
prepare the data to be fed to our machine learning model. In the data cleaning 
process, numeric values are removed, taking the tweets and converting it to 
tokens (tokens means the texts separated by space in text). Normalization 
is done in two ways one of such ways is stemming and in stemming we 
need to remove the affixes, prefixes, and suffixes, small words, that is, casing 
keeping all the words in lower case. Lastly, in the data visualization process, 
all positive and negative words are distinguished.

3.3 IMPLEMETATION

By fetching raw Twitter data from Twitter API, that is, Tweepy which is 
a reusable library function to pull data from open source and NLTK is 
applied to manipulate and preprocess the textual data. Then for methods like 
stemming, lemmatization for preparation of the data to be fed to machine 
learning model and also stop words are imported. It gives a list of stop words 
that need to be removed from the textual data that have imported in porter 
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stemmer. The method like TF–IDF vectorizer is converting the tokens into 
numbers so that the data can now be encoded from text to numbers. Then, the 
data are visualized to search the positive and negative words where positive 
word prioritization with fonts, that is, the mostly used positive words are 
having larger fonts and depressive word prioritization with fonts, that is, the 
mostly used depressive words are having larger fonts which are discussed in 
data visualization section.

FIGURE 3.2 Workflow for prediction of suicidal tendency.

3.3.1 IMPORTING TWITTER DATA

Google Colab is a platform where a programmer can write and execute 
arbitrary Python code through the browser and is especially well suited to 
machine learning, data analysis, and execution. Here the data are pulled 
through API’s from Tweepy as shown in Figure 3.3. Tweepy is reusable 
library function to pull data from open source.
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FIGURE 3.3 Importing Twitter data into the colab platform.

3.3.2 DATA EXTRACTION

NLTK is imported to download the latest version of natural language toolkit. 
Again, Panda library is also imported in order to fetch the raw data to rows 
and column in Jason format. Here, text and Id in rows and column are applied 
to preprocess the data as demonstrated in Figure 3.4.

FIGURE 3.4 Importing requisite library.

3.3.3 DATA CLEANSING

This process removes the unnecessary parameters to build the appropriate 
model. The parameters include removal of stop words using the stop word 
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module, removal of the column, the names, the Twitter handler, the links, 
punctuation and numbers, numeric removal, normalization (removing 
suffixes and prefixes), and array representation of target values (Figure 3.5).

FIGURE 3.5 Stop words removal process.

3.3.4 DATA VISUALIZATION

Data visualization with max font is the most common words in the datasets 
for positive and depressive tweets with maximum no of usages.

Here, TF–IDF vectorizer is used for converting the tokens into numbers 
so that the data can now be encoded from text to number because the 
machine learning model actually work on numbers not text. Figures 3.6 and 
3.7 represent the training of all the machine learning models to check the 
most accurate analysis for this work.

3.3.5 MODEL BUILDING

Here, four machine-learning classifiers algorithms are implemented like 
XGB classifier, random forest, logistic regression, and support vector 
machine to obtain the accuracy score as shown in Figure 3.8.
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FIGURE 3.6 Positive words having larger fonts.

FIGURE 3.7 Depressive words having larger fonts.

The accuracy score of all four types of algorithms is displayed in Figures 
3.9–3.12. The scores are 0.98193 for XGB, 0.95635 for random forest clas-
sifier, 0.96289 for logistic regression, and 0.96193 for SVM.
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FIGURE 3.8 Classifiers like XGN, RF, LR, and SVM are used to learn the accuracy score.

FIGURE 3.9 Application of XGB classifier.

FIGURE 3.10 Application of random forest classifier.

After training all the models, the Matplotlib library function is used for 
graphical representation of the classifiers to show the best accurate figures. 
As shown in Figure 3.13, it is concluded that the accuracy lies in the logistic 
regression with higher percentage accuracy.
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FIGURE 3.11 Application of logistic regression.

FIGURE 3.12 Application of support vector machine.

FIGURE 3.13 Accuracy representation of all the ML models.
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Finally, a zip folder is created with the CSV content where all tweets, 
unzipping the suicide folder into Python, now final local drive is used for 
universal plug-and-play event for accepting incoming connections. Then, a 
test case is generated as shown in Figure 3.14 to predict the suicidal tendency.

FIGURE 3.14 A Test case of suicide prediction.

3.4 CONCLUSION

In this work, five concurrent stages are initiated such as data collection, data 
preprocessing, training, data testing, and evaluation to predict the suicidal 
tendency of a Twitter handler. Commencing with data collection, the data 
are pulled from Tweepy. This eventually helped in fetching the raw data 
which is processed and preprocessed in a manner for machine learning usage 
hence called the vector format. In the preprocess, stop word is removed 
and lemmatization is performed to extract positive, negative, and neutral 
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outcomes. Then the end result parameters are inserted into the predictor 
analyzer. While doing the prediction, baselining is done with criteria [0 < 
2 < 4] where “0” denotes specifically to the negative side and “4” inclining 
toward the positivity.
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CHAPTER 4

ABSTRACT

A brain tumor may be a growth of abnormal cells in our brain. Benign and malig-
nant are the two types of brain tumors. Early recognition and characterization 
of brain tumors is a significant exploration space in the area of clinical imaging 
and as necessary aids in picking the majority of invaluable therapy ways to save 
patients’ lives. Our objective in this paper is to create multicharacterization of 
brain tumors for the early conclusion aspiration utilizing deep convolutional 
neural networks (CNNs). Our contributions in this paper are (i) identification 
of brain tumor from input magnetic resonance imaging (MRI) pictures, that is, 
having a tumor or its normal, (ii) outline of brain tumor type, that is, glioma, 
meningioma, and the (iii) classification of the brain tumor grades as grade 2, 
grade 3, and grade 4. Our experimentation results show that by using CNNs 
we achieved about 90% accuracy in the prediction and classification of tumors.

4.1 INTRODUCTION

4.1.1 CANCER AND ITS IMPACT

This disease is perhaps the most well-known reason for death around the 
world. Cancer growth is a sickness that lamentably spreads in cells and filling 
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day by day in the body.1,2 According to the WHO, the disease is the subse-
quent driving reason for death internationally, and in 2018, it caused roughly 
9.6 million deaths. There are numerous kinds of diseases, for example, brain 
tumor growth, cellular breakdown in the lungs, and prostate disease. BC is a 
far-reaching infection that pounds the presence of women conventionally in 
the age social event of 25–50.3 With the conceivable climb in the amount of 
BC cases in India, the agony coming to is upsetting.

4.1.2 BRAIN TUMOR

A brain tumor growth happens when unusual cells structure inside the mind as 
in Figure 4.1. There are two principal kinds of growths: dangerous (harmful) 
growths and harmless (nondestructive) cancers. These can be additionally 
delegated essential growths, what start inside the mind, and optional cancers, 
which are most commonly spread from growths situated external the cere-
brum, known as cerebrum metastasis growths.4

FIGURE 4.1 Brain tumor.

4.1.3 OBJECTIVE

The objective is to distinguish whether a tumor is favorable or of threat-
ening in nature, as harmful tumors are dangerous and ought to be treated 
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straightaway to diminish and forestall further inconveniences. So, it is 
a 2-fold order issue and can be settled by different artificial intelligence 
(AI) techniques.5 It has appeared in the past that AI calculations perform 
better compared to human pathologists. A greater part of researchers have 
tracked down that clinical picture preparation utilizing AI gives more 
precise outcomes when contrasted with the target determination given by 
a pathologist.11 An examination in Europe has been directed by Phillips in 
which a bunch of calculations alongside bosom pictures gave more exact 
identification. This finding is likewise proof that utilizing high-goal pictures 
and better calculations will improve the exhibition and precision of disease 
discovery.10,13

4.2 RELATED WORK

It is quick to evaluate cerebrum growth recreation plans with one variety 
of pics and datasets.15 Various methodologies were dispersed and stepped 
forward to perceive and describe cerebrum cancer illness through the usage of 
big neural agencies with extraordinary fashions. The irksome task of clinical 
photograph evaluation and portrayal is to orchestrate histopathological pics 
reliant upon the improvement of the cells and complicated morphology 
and surface.3 Various advanced systems have been proposed to determine 
the troublesome problem of photograph request, as an instance, substantial 
mastering fashions and preprepared significant neural groups.6,7

The brain is the maximum complex part of our head. Intracranial 
neoplasm or brain tumor is the extraordinary growth of cells within the mind. 
The symptoms of a tumor can be common complications and migraines.9 
Over the years it can even result in imaginative and prescient loss. At this 
second science is scarce approximately the origins and elements leading 
to this bizarre increase. Tumors are categorized on two bases: whether or 
not they are cancerous or not and their area of origin. These are without 
difficulty distinguishable and feature a sluggish growth charge.10 Cancerous 
Tumors are called malignant. These are very competitive and may be 
existence threatening as these are hard to detect. When it involves detecting 
a tumor, doctors can opt for either an X-ray or magnetic resonance imaging 
(MRI).11 All other tests fail to offer adequate information; hence MRI 
examinations are acceptable. The residences of magnetism and radio waves 
are used in an MRI exam to generate accurate images. MRIs are commonly 
prescribed by neurosurgeons because they provide them with enough 
information to detect even the tiniest anomalies.12 However, as MRI makes 
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use of magnetic waves, so it is far improper for sufferers with pacemakers 
and metallic implants. Now once we have the scanned image of the brain, 
it is essential to appropriately locate the tumor, its size, and its place. All 
these records are vital for the neurosurgeon to complete his analysis. This is 
wherein computerized image processing segmentation strategies and feature 
extraction approach; we can correctly stumble on the tumor.4,6 Comes to 
assist. With the set of different in this task, the proposed gadget divides the 
entered picture into several slices and preprocessing takes area in parallel. 
This software program also runs on multicore surroundings for processing 
and extraction of each and every picture slice one at a time. We have 
investigated the exclusive entropy capabilities for tumor segmentation and 
its detection from diverse MRI images.4 The extraordinary threshold values 
are obtained depending on the specific type of entropy. These threshold 
values are dependent on the exceptional entropy characteristic which in turn 
impacts the segmented effects. The segmented consequences depend upon 
the Shannon and Non-Shannon conduct at distinct examples of parametric 
selections.8 The texture evaluation of medical pics is also performed which 
will get a higher accuracy. The satisfactory result is obtained from Havrda 
Charvat entropy this is higher than the alternative entropy functions utilized 
in the feel of detecting tumors and a good way to assist in advanced detection 
of the tumors and could provide a remedy to cure.2

4.3 EXISTING SYSTEM

Brain tumors category has been carried out the use of many gadget learning 
procedures and imaging modalities after some time. A system to categorize 
different grades of glioma without employing a binary classification for the 
excessive and coffee grades was introduced by Zacharaki et al. in 2009.16 
They used support vector machines (SVMs) and k-nearest neighbor (KNN). 
For multicategory, an exactness of 65% is obtained, and for binary type, 
68%. Elhamzi et al.3 developed a method to classify brain tumors’ normal 
and abnormal images using discrete wavelet transformations (DWT) to sepa-
rate capabilities, principal component analysis (PCA) to reduce elements, 
and then artificial neural networks (ANN) and KNN to organize images with 
an average precision of 77 and 68%, respectively. Cheng et al.17 in 2015, 
developed a strategy to improve the overall classification of brain tumors by 
enhancing the tumor site through photo enlargement, followed by splitting 
into subregions. They extracted features using the depth histogram, the gray 



Brain Tumor Detection Using Deep Convolution Neural Networks 57

level co-prevalence matrix, and the bag of words (BOW) techniques and in 
the end accomplished a nice accuracy of 91.28% via the use of ring structure 
partition further to tumor area augmentation.

Brain tumor type the detection of system mastering strategies has 
recently been examined by scientists mainly throughout the last few years. 
The improvement in synthetic observation and deep mastering-based latest 
technology achieves a splendid effect inside the discipline of clinical photo 
review, specifically in relation to the issue of sickness analysis. Parallel to 
this, various studies on brain tumor prediction and multiclass classification 
using convolutional neural networks (CNN) were monitored. This phase is 
devoted to a multiclass brain tumor literature assessment using CNN. The 
studies in the literature may be found in a variety of formats. With 96.56% 
accuracy, their suggested version successfully classified brain tumors as 
meningioma, glioma, and pituitary. In any other examination, Mzoughi 
introduced a profound multiscale 3-D CNN version for brain tumor grading 
from volumetric 3-D MRI snapshots.

4.4 PROPOSED SYSTEM

In this work, we show the fundamental commitments and our proposed 
strategy utilized in the characterization task of brain tumor growth utilizing 
histopathological picture grouping. There have been various investigations 
on utilization of profound figuring out how to the order of bosom malignant 
growth from histopathological pictures. In our work, we utilized a freely 
accessible database which is called as Brain Tumor Classification (MRI). 
Our structure utilizes the accompanying advances as shown in Figure 4.2, in 
any case, to get the informational index and to move toward the minuscule 
biopsy pictures, after prehandling, we jumped the information haphazardly 
on 30% for the testing set and 70% for the training set. Then, we used infor-
mation increase for the preparation dataset as it were. The increase included 
picture tasks, for example, resizing, turning, and reflecting pictures. After 
preparing the boundaries of the organization it orders the test set and execu-
tion measurements such as characterization precision and disarray lattices 
are figured. In the following section, we present the outcomes utilizing 
diverse assessment measurements.

In this work, as referenced earlier, we utilized the Brain Tumor Classifi-
cation (MRI) Database dependent on picture level, which has two principal 
classes: benign and malignant.
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FIGURE 4.2 Brain tumor detection framework overview.

4.4.1 CONVOLUTIONAL NEURAL NETWORK FOR BRAIN 

TUMOR IMAGE CLASSIFICATION

The dataset was taken care of as a contribution to the CNN in application to 
the bosom disease order. After taking care of the information, we prepared the 
profound convolutional parts in the proposed design of CNN. We utilized Leaky 
ReLU nonlinearity for the convolutional layers. It can be characterized as
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After all is done, the CNN layer is communicated as

 yj = f (bj) + Σ k ij + xi (4.2)

As shown in the above equation, xi and yj are tending to the ith input 
guide and jth yield map, separately; bj addresses the inclination boundary 
of jth map; and bij shows the convolutional part utilized between ith and jth 
maps. After that, the max pooling layer (MPL) is used. In the MPL, each 
neuron participates in the yield map yi pools over s × s noncovering area in 
the data map, that is, xi. By and large, the MPL is portrayed as

 yj i = max0≤m≤s {xj. s + mi} (4.3)

The SoftMax classifier has a direct relationship with the two layers. This 
classifier includes an equivalent number of yield classes to the yields. In our 
proposed design, we utilized hyperbolic tangent as a nonstraight convention 
in the availability of a multitude of layers. SoftMax works as an element of 
crushing, and K-dimensional info vector is restandardized, yielding in the 
scope1,2 of genuine qualities. Numerically it is very well appeared as:

 (z) j = e zj Σ e K zk k = 1, where j = 1 to K (4.4)

Two kinds of mistakes delivered during the cycle of advancement of the 
machine learning (ML) strategy. Preparing mistakes is prompted during the 
preparation period of neural organization, although the speculation blunder 
is created in our proposed classifier during the testing time. In profound 
learning, preparation is frequently influenced by the overfitting (OF) and or 
underfitting (UF) issues. To diminish OF and UF issues in our presented CNN 
design, we put in application group standardization after every layer. The 
dropout is presented to the primarily associated layers. The total proposed 
design for the tumor detection arrangement is seen in Figure 4.3.

A profound learning engineering for automized cerebrum growth 
discovery that joins ideas of AI and picture arrangement. We have depicted 
diverse deep neural network (DNN) structures, particularly those adjusted to 
picture information like CNNs.

This utilized the marked (harmless/dangerous) input picture from the 
crude pixels and featured the visual examples, and afterward, used those 
examples to recognize nonmalignant and disease-containing tissue, working 
similar to advanced staining, which spotlights picture portions vital for 
indicative choices, with the assistance of a classifier organization as shown 
in Figure 4.3. The CNN was prepared utilizing 2480 harmless and 5429 
threatening examples having a place with the red, green, and blue (RGB) 
shading model. Therefore, the proposed system depicted in Figure 4.3 
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provides an effective classification model for classifying brain tissue as 
being either benign or malignant.

FIGURE 4.3 Data flow outline of the proposed method.

4.5 METHODOLOGY

Recently, the IT industry has witnessed a surge in the popularity of a certain 
set of skills called deep learning (DL). Calculations inspired by the operation 
of the human mind or brain, organizations fall within the DL, a subclass of 
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the ML. These patterns are referred to as NN. It instructs the computer to 
carry out human actions naturally. Some of the models used in DL include 
ANN, autoencoders, recurrent neural network (RNN), and reinforcement 
learning. One model specifically, the CNN or ConvNets, has made a critical 
commitment to image and vision analysis.

CNNs, a subclass of DNN that is often employed for image analysis, are 
able to recognize and organize particular details in images. A few of their uses 
include image classification, computer vision, image and video recognition, 
image analysis for therapeutic reasons, and natural language processing. The 
word “convolution” in CNN represents the numerical capacity of convolu-
tion, which is an uncommon type of direct activity in which two capacities 
are raised to form a third capacity that communicates how the state of one 
capacity is altered by the other. In essence, two grids are multiplied to get a 
result that is used to eliminate highlights from the image.

4.5.1 CONVOLUTIONAL NEURAL NETWORK ARCHITECTURE

• A convolutional device separates and identify distinctive qualities of 
input picture for analysis and it is known as feature extraction.

• A fully integrated layer which uses the output of the convolutional layer 
to infer the class of image using the information gathered in earlier 
steps.

FIGURE 4.4 Convolution neural network architecture.
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CNN consists of the following three layers:

1. Convolution layer (ConvLayer)
2. Pooling layer (PoolLayer)
3. Fully connected (FC) layer)

These layers together would result in a CNN framework, as seen in 
Figure 4.4. The activation function and dropout layer are two more crucial 
components that are described below. The specific layers in the CNN are 
displayed in Figure 4.5.

1. Convolution Layer

This layer is used for extracting the features from the input data.
Steps involved in the convolution layer:

Step 1: Align the element with the image correction (which by default 
uses a nine-pixel size).

Step 2: Multiply each image pixel by the highlight pixel for comparison.
Step 3: Add them all up.
Step 4: Divide by the complete number of pixels in the element.

2. Pooling Layer

The convolutional layer’s attributes are still very significant. Whenever 
utilized straightforwardly, the preparation stage will be inclined to OF and 
will consume a large chunk of the day to finish. To resolve this issue, this 
layer utilizes down examining to pack the picture and diminish the quantity 
of boundaries. Normal pooling and Max pooling are two sorts of subsampling 
utilized in the writing. The element of component maps is brought down in 
the recommended model by utilizing the MaxPooling activity, which is easy 
to utilize and creates the best outcomes. In this layer, we shrivel the picture 
into a more modest size.Steps are listed as follows:

i. Pick a window size (normally 2 or 3).
ii. Pick a step (typically 2).
iii. Walk your window across your separated pictures.
iv. From every window, take the most extreme worth.

3. Fully Connected (FC) Layer

At the end, the FC layer is utilized. The target of this layer is to stuff the 
result of the former layer in light of the fact that the highlights should be 
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one-layered (1D) information prior to preparing with the classifier. The result 
is fixed as the quantity of classes utilized when it is utilized as the last layer.

4. Dropout Layer

All the attributes are connected to the FC layer, the preparation dataset is 
prone to OF. OF is the process of a model performing so well at preparing 
information that it negatively impacts how it presents fresh information. To 
solve this problem, a dropout layer is used, which removes a few neurons 
from the CNN network during the preparation phase, leading to a more 
modest model. 30% of the hubs in the brain network exit arbitrarily after a 
dropout of 0.3.

5. Activation Function

Finally, one of the most extreme significant elements inside the CNN model 
is the initiation trademark. They are used to extract and imprecisely iden-
tify any kind of network variable-to-variable association, both simple and 
complex. During the basic phase of the network, it chooses which model 
data should fire ahead and which data should not. It gives the network 
nonlinearity.

The SoftMax, ReLU, Sigmoid, and tanH capacities are probably the more 
frequently used activation functions.

FIGURE 4.5 Layers used in the CNN architecture.

4.5.2 FLOWCHART

The suggested method’s block design is shown in Figure 4.6, where our 
model starts by loading and extracting images and labels them using raw 
files in the dataset, then goes through preprocessing and augmentation 
steps after dividing the dataset into model train, test, and validate data sets. 
The proposed method is shown in Figure 4.6, followed by a description 
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of the hyper-parameter setup, regularization strategies, and optimization 
algorithm. Lastly, computations for network performance and training are 
displayed.

FIGURE 4.6 Proposed model flow diagram.

4.5.3 DATASET DESCRIPTION

In this postulation, we utilize two datasets that are publicly available, they 
are brain tumor multiclassification MRI dataset from the Kaggle and the 
repository of molecular brain neoplasia data (REMBRAND) from the Cancer 
Imaging Archive (CIA). The dataset Brain Tumur Multiclassification MRI 
has partitioned into two principal gatherings: benign tumors and Malignant 
tumors with various factors the photos are RGB pictures of objective 700 × 
460 pixels in size with three channels. The REMBRAND dataset contains 
130 patients with MR images with gliomas of grade 2, grade 3, and grade 4 
as shown in Table 4.1.

For the tumor prediction task, 12,025 MR images were collected out of 
which there are 4500 are of benign tumors and 7525 images of malignant 
tumors. For the type of tumor prediction task, 7525 MR images are collected 
out of which 2147 are of glioma; 2582 of meningioma; and 2796 images 
are of pituitary tumor. For the grade prediction task, 4261 MR images are 
collected in which there are 1679 MR images of grade 2, 1234 MR images 
of grade 3, and 1679 MR images of grade 4.
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TABLE 4.1 Number of Images in the Dataset.

Task type Target value Count of images 

in each category

Total no. of 

images

Tumor prediction Benign

Malignant

4500

7525

12025

Tumor-type prediction Glioma

Meningioma

Pituitary

2147

2582

2796
7525

Grade prediction Grade 2

Grade 3

Grade 4

1679

1234

1348
4261

FIGURE 4.7 Images of benign.

FIGURE 4.8 Images of malignant.

FIGURE 4.9 Images of glioma.
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FIGURE 4.10 Images of meningioma.

FIGURE 4.11 Images of pituitary.

4.5.4 CNN MODEL

FIGURE 4.12 Architecture of CNN model for tumor prediction.

4.5.5 EVALUATION METRICS

• True Positive (T_P): It is an observation that is or is anticipated to be 
favorable.

• False Negative (F_N): Although a positive observation was made, a 
negative result was anticipated.

• True Negative (T_N): It is an observation that is unfavorable, and an 
unfavorable result is anticipated.

• False Positive (F_P): Although the observation was negative, a posi-
tive outcome was anticipated.
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TABLE 4.2 CNN Architecture Details Used in Tumor Prediction.

Type of layer Shape of output Number of parameters

Convn2D_17 [None, 148, 148, 32] [896]

Act_Fn_20 [None, 148, 148, 32] [0]

MaxPool2D_17 [None, 74, 74, 32] [0]

Convn2D_18 [None, 74, 74, 32] [9248]

Act_Fn_21 [None, 74, 74, 32] [0]

Batch Normalization_12 [None, 74, 74, 32] [128]

MaxPool2D_18 [None, 36, 36, 32] [0]

Convn2D_19 [None, 34, 34, 64] [18496]

Act_Fn_21 [None, 34, 34, 64] [0]

Batch Normalization_12 [None, 34, 34, 64] [256]

MaxPool2D_19 [None, 17, 17, 64] [0]

Flatten_9 [None, 18496] [0]

Dense_18 [None, 64] [1183808]

Act_Fn_23 [None, 64] [0]

Batch Normalization_12 [None, 64] [256]

Dropout_4 [None, 64] [0]

Dense_19 [None, 1] [65]

Act_Fn_24 [None, 1] [0]

Total parameters: 1,213,153.

Act_Fn: activation function; Convn2D: 2D convolution.

FIGURE 4.13 Architecture of CNN model for tumor-type prediction task.
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FIGURE 4.14 Architecture of CNN model for tumor grade prediction.

TABLE 4.3 CNN Architecture Details Used in Grade Prediction.

Type of layer Shape of output Number of parameters

Convn2D [None, 148, 148, 32] [896]
Act_Fn [None, 148, 148, 32] [0]
MaxPool2D [None, 74, 74, 32] [0]
Total parameters: 896
Trainable parameters: 896
Nontrainable parameters: 0
Convn2D [None, 148, 148, 32] [896]
Act_Fn [None, 148, 148, 32] [0]
MaxPool2D [None, 74, 74, 32] [0]
Convn2D_1 [None, 74, 74, 32] [9248]
Act_Fn_1 [None, 74, 74, 32] [0]
Batch Normalization_1 [None, 74, 74, 32] [128]
MaxPool2D_1 [None, 36, 36, 32] [0]
Convn2D_2 [None, 34, 34, 64] [18496]
Act_Fn_2 [None, 34, 34, 64] [0]
Batch Normalization_2 [None, 34, 34, 64] [256]
MaxPool2D_2 [None, 17, 17, 64] [0]
Flatten_11 [None, 18496] [0]
Dense_18 [None, 64] [1183808]
Act_Fn_3 [None, 64] [0]
Batch Normalization_ [None, 64] [256]
Dropout_4 [None, 64] [0]
Dense_19 [None, 1] [65]
Act_Fn_3 [None, 1] [0]
Total parameters: 1,213,153
Trainable parameters: 1,212,833
Nontrainable parameters: 320
Act_Fn : Activation function
Convn2D : 2D convolution
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TABLE 4.4 Contingency Matrix for Binary Classification and Multiclass Classification.

PREDICTED classification

Classes C1 C2 C3 C4

A
C

T
U

A
L

 
cl

as
si

fi
ca

ti
on C1 T_N F_P T_N T_N

C2 F_N T_P F_N F_N

C3 T_N F_P T_N T_N

C4 T_N F_P T_N T_N

TABLE 4.5 Assessment Measurements.

Metrics used for evaluation Equation

Accuracy TP TN

TP FP TN FN

+
+ + +

Precision, i.e., positive predictive value TP

TP FP+

Sensitivity/recall, i.e., true positive rate TP

TP FN+

Specificity, i.e., true negative rate TN

FP TN+

F1 score 2* *Sensitivity Precision

Sensitivity Precision+

4.6 RESULTS

TABLE 4.6 Learning Scheme of the CNN Model.

Classification task Target values Image count  

(in each group)

Images 

count

Training 

set (70%)

Testing set 

(30%)

Tumor prediction Benign

Malignant

4500

7525

12025 8418 3607

Tumor-type 
prediction

Glioma

Meningioma

Pituitary

2147

2582

2796

7525 5268 2257

Grade prediction Grade 2

Grade 3

Grade 4

1679

1234

1348

4261 2983 1278
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FIGURE 4.15 Resultant images.

Figure 4.15a is an MRI input, Figure 4.15b is the initiations in a particular 
channel, and Figure 4.15c is the most grounded enactment channel for the 
first convolution layer for classification I. Pixels of white in Figure 4.15c 
show solid actuations showing that this channel is firmly initiated at growth 
positions.

In recent years, picture categorization using CNNs has become 
increasingly popular in the identification of medical disorders. It is neither 
imaginable or practicable to develop a CNN model that is efficient and 
scalable be used in conjunction with other models to all categorization 
concerns should be resolved with satisfactory results. As a result, each kind 
of problem is given its own CNN model. The design and intricacy of the 
CNN model fluctuate in view of the sort of issue, inputs, and anticipated 
yields. Three distinct CNN models are used in this study for three different 
categorization goals. The first module is intended to identify brain tumors 
using MRI pictures as input. The 2nd module is used to predict the type 
of brain tumor and the third module is used to forecast grades of tumor. 
The first constructed CNN model achieves a highly satisfactory accuracy of 
88.6% in detecting brain tumors.

Furthermore, the subdivision of brain tumor types is done with a 90.2% 
accuracy. Finally, the brain tumor grading was completed with 90.35% 
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TABLE 4.7 Performance Measures of the CNN Model.

Classification 

problem

Tumor groups T_P T_N F_P F_N Accuracy 

(%)

Precision Recall F1 score Support

Tumor prediction Benign 1571 1229 334 26 88.6 0.82 0.98 0.90 1597

Malignant 1229 1571 26 334 88.6 0.98 0.79 0.87 1563

Tumor type 
prediction

Glioma 490 1144 20 107 90.2 0.96 0.82 0.89 597

Meningioma 559 1040 140 22 90.2 0.80 0.96 0.87 581

Pituitary 534 1160 18 49 90.2 0.97 0.92 0.94 583

Grade prediction Grade 2 322 653 31 52 90.35 0.91 0.86 0.89 374

Grade 3 335 658 41 24 90.35 0.89 0.93 0.91 359

Grade 4 299 703 30 26 90.35 0.91 0.92 0.91 325
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accuracy. Evaluation metrics criteria such as the area under the receiver 
operating characteristic (ROC) curve, accuracy, specificity, sensitivity, and 
precision are used to assess or evaluate the suggested models’ findings.

Loss is a function that computes the errors of our model. It evaluates how 
(or ineffectively) the model is doing. The loss will be enormous assuming 
the slip-ups are high, showing that the model is not performing great. In any 
case, the lower it is, the more our methodology works. A loss or cost function 
is used to calculate the loss. The model’s purpose is to reduce the loss’s value 
as much as possible. Accuracy is a lot easier to understand. To determine 
how effectively our model predicts, it compares model expectations to true 
attributes in rates.

The model performs significantly worse than expected in the vast 
majority of the data, with poor accuracy but substantial loss. The model 
produces small errors in the majority of the data, even though both accu-
racy and loss are low. Hitherto, if they are both high, it results in large 
errors in part of the data. The model will make slight errors on a tiny 
subset of the data if accuracy is high and loss is low, which is an optimal 
scenario.

FIGURE 4.16 Accuracy and loss values for task 1, task 2, and task 3.
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• There are two target classes: “benign” and “malignant,” that is, “malig-
nant” means they are cancer tumors, and “benign” means noncancerous 
tumors.

• The model predicted 1229 patients had the presence of tumor.
• Out of those 3160 cases, the model predicted correctly 1255 times as 

“malignant” and 1905 times as “benign.”
• In reality, 1563 patients in the sample have the disease, and 1597 

patients do not.
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FIGURE 4.17 Confusion matrix for tumor prediction.

• There are three possible predicted classes: glioma (C1), meningioma 
(C2), and pituitary (C3); these are the type of malignant tumors.

• A total of 490 patients were examined for the existence of glioma 
tumor, 559 patients for the presence of meningioma, and 534 patients 
for the presence of pituitary tumor, according to the classifier.
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FIGURE 4.18 Confusion matrix for tumor-type prediction.

• There are three possible predicted classes: grade 2, grade 3, and grade 4.
• A total of 269 patients were examined for the existence of grade-2 

tumors, 283 patients for the presence of grade-3 tumors, and 260 
patients for the presence of grade-4 tumors, according to the classifier.

4.7 CONCLUSION

This study uses CNN models to give a multiclass prediction of brain 
tumors for fast diagnostic cause. Using openly available medical image 
datasets, three viable CNN models are discovered for three different brain 
tumor prediction tasks. The accuracy rate for detecting a brain tumor is 
87.3%. Furthermore, the accuracy of brain Magnetic Resonance categori-
zation into glioma, meningioma, and pituitary is 92.66%. Finally, with an 
accuracy of 90.75%, glioma brain tumors are categorized as grade 2, grade 
3, or grade 4. The suggested CNN models are trained & evaluated utilizing 
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a huge enough no. of radiology pictures. The outcome acquired utilizing 
the suggested CNN models and comparisons with state-of-the-art CNN 
models illustrate the efficiency of the CNN models developed among the 
given methodology.

FIGURE 4.19 Confusion matrix for grade prediction.
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CHAPTER 5

ABSTRACT

Smart healthcare is the demand of today’s world that helps in many health-
related issues to cured timely and also helps to develop new approaches in 
the medical field for managing medical data which is broad and complex. 
With the help of a smart healthcare approach, it is easy to analyze and 
predict diseases like breast cancer with better accuracy and early prediction 
of having presence in the human body. Machine learning, as great field 
of artificial intelligence, plays a parental role to develop smart healthcare 
systems. Machines need to learn from input that plays a vital role, because 
by crunching large volume of data, it helps medical professionals to provide 
medical solutions to patient-based customized individual characteristics. 
Here in this study, we find how breast cancer disease prediction is done 
for diagnosis with a large dataset. In this study, supervised classifier 
support vector machines (SVM) are used for the classification Wisconsin 
breast cancer dataset for prediction and diagnosis. In this research study, 
the classification problem is solved using supervised algorithms logistic 
regression, SVM, k-NN, Naïve Bayes, and decision tree. A comparative 
study of accuracies is generated by implementing these supervised classifiers 
in classification problems. The study provides the result that SVM gives 
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higher results of accuracy with all dataset. This study concluded with better 
result by implementing SVM classifier approximately up to 99% that is 
improved than previous research accuracies for breast cancer classification 
problems. The comparison of performance among all classifiers is measured 
with a confusion matrix by calculating performance measuring factors, that 
is, accuracy, sensitivity, specificity, and precision.

5.1 INTRODUCTION

This study is intended to have look toward breast cancer in women. This 
study focused on the diagnosis and prediction problem of breast tumor with 
the help of automated models to support smart healthcare. Although there are 
different methods available that are used for the identification of the presence 
of breast cancer at early age so that detection and diagnosis of breast cancer 
can be done at prior stage and that helps to decrease the death rates. Earlier 
used procedural or traditional methods used for diagnosis of breast cancer 
are tricky and take so much time because that based on fine-needle tailored 
cancer therapies.1 By considering tumor type or category decisions are taken 
based on current population-based therapies. This method is a human decision 
based in which knowledge base is past experience study of tumor category 
and patient which is not efficient way due to the dissimilarity found in patient 
tumor that can lead to the opposite outcomes for same type of tumor.3 Due 
to this reason, an expert advice and automated systems are necessary for 
prediction or diagnosis of cancer. For this early prediction, different medical 
tests are performed to find the cancerous cell these are by using mammograms, 
MRI (magnetic resonance imaging), X-ray, US (ultrasound), and biopsy to 
detect cancer-affected cells along with this there can be possibility for some 
test or procedures for further screening of the cancer testing which is the 
conventional way of cancer diagnosis.4 There are two types of cell malignant 
(having cancer) and benign (no having cancer) that are actually masses or 
tumors presented in breast tissue examined as abnormal lymph. If this lymph 
is found this is tested with fine-needle aspirant biopsy for the malignancy 
and benign. As the advancement in technology and to avoid the undertaking 
of needless treatment machine learning is used to classify the cells that are 
of the malignant and benign category with the procedure of detection of 
different feature value in the complex and huge dataset and acknowledged 
to get classification of data points for having benign or malignancy cellular 
properties.5 Breast cancer is very well known and highly discovered cancer 
category that is the reason for high rate of mortality due to which deaths are 
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increasing vastly. For cancer cure, the most important early step that has to be 
taken is the detection of cancer at a prior stage of life and diagnosis. The process 
involves examining the breast tissue as malignant and benign are called tumor 
categorization. An automated diagnosing system is needed because traditional 
methods take long hours to diagnose and detect breast cancer manually. An 
automatic diagnosis system provides the best accuracy that results in the 
medical domain and generates a smart healthcare approach.6 Soft computing 
plays a significant role in breast cancer diagnosis and prediction by providing 
intelligent techniques to analyze complex medical data and assist healthcare 
professionals in making accurate decisions.7 Soft computing is a subfield 
of artificial intelligence that focuses on developing computational models 
inspired by human-like thinking and reasoning processes. It encompasses 
various methods such as fuzzy logic, neural networks, genetic algorithms, and 
machine learning. For identification of breast cancer, different approaches and 
methods used in which very well-known is physically examine of cell tissues 
in human body that include lymph nodes, skin, nipple discharge, etc., which 
is traditional and time-consuming as well as painful methodology. Another 
way is to use data acquired from images of breast and features of cell structure 
represented in digital form to process by different machine learning models. 
This digital data are made up of digital images known digital mammograms 
or can be called electronic images that are helpful in categorization of 
breast tissues as malignant or benign. Another one is to use US that help in 
finding of calcification in breast tissue and identifying the structure of lymph 
nodes. Along with these such methods other are MRI, histopathology, fine 
needle, and biopsy. In all these approaches, digital images are widely used 
for the prediction of breast cancer. Machine learning performs well and is a 
conventional hand-crafted technique that helps to select the most important 
features in dataset. In machine learning, the deeper analyzer tool for a huge 
and complex data structure is deep learning which is used for presenting fine 
results. This study provides different supervised machine learning algorithms 
(LR, support vector machines [SVM], k-NN, NB, DT) comparative analysis 
for prediction and detection of breast cancer in which SVM is selected and 
implemented for classifier modeling that provides greater accuracy than other 
models in the supervised category.

5.2 LITERATURE REVIEW

For the analysis process of data of extracting meaningful features and relativity 
of research study with the outcomes for stating the research problem successfully 
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TABLE 5.1 Literature Review.

Reference Year Purpose Method/Result

[1] 2018 Breast cancer classification and prediction In the study, SVM are used with three different kernel functions (1) 
linear, (2) polynomial, and (3) radial Achieved the highest accuracy 
with using RF of 99.90%, MLP of 99.80%, and k-NN with 99.10%

[2]  2018 Diagnosis and prognosis of breast cancer Wisconsin breast cancer dataset are classified using ANN, k-NN, DT, 
and SVM The highest overall accuracy achieved by SVM 97.20%, 
feature selection accuracy by SVM 98%

[3] 2016 WBC dataset breast cancer risk prediction and 
diagnosis

Support vector machines, decision tree (C4.5), NB, and k-NN are imple-
mented with weka tool and SVM provide the highest accuracy 97.13%

[4] 2006 Wisconsin dataset for diagnosis and prognosis 
are classified using AI

SVM implemented and for Wisconsin prognosis and diagnosis accuracy 
is achieved to 96.91% and 90%

[5] 2017 SVM implemented for prediction of cancer 
with different types of kernels

GA + RBF SVM perform better with accuracy 98.28%

[6] 2019 Breast cancer prediction using machine 
learning algorithms in comparative approach

SVM achieved highest accuracy of 97.20%

[7] 2017 Analysis of CAD system by different classi-
fiers of machine learning

SVM is used extensively for breast tissue classification

[8] 2017 Compare between preprocessing techniques to 
find the best one that can increase accuracy 
for mammogram mass dataset

Highest accuracy achieved 97.37%

[9] 2015 Survey of ML techniques for modeling cancer 
prognosis

SVM outperform best for cancer prognosis classification

[10] 2018 Breast cancer diagnosis by using SVM-based 
ensemble learning algorithm

Highest accuracy achieved variance 97.89%

[11] 2023 Breast cancer diagnosis and prediction Highest accuracy achieved to 70%
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with the accomplishment of comparative review, here a review of literature is 
presented for the papers used for study analysis with a deep lookout.

5.3 MACHINE LEARNING

The amount of dye uptake machine learning is a very efficient method used 
for healthcare domain to diagnose at an early stage of life of having disease 
in which there are some unknown regularities and trends that can be easily 
identified. Machine learning helps to identify these trends to analyze error-
prone data in a vast dataset or from empirical data to acquire knowledge 
from it for diagnosis or prediction. The conceptual unit of machine learning 
is an algorithm that makes it possible to supervise first and then make it as 
human decision-maker for the result by analyzing the various data sets for 
the acquisition of knowledge to take decision without intervention of human 
in prediction.

FIGURE 5.1 Machine learning classifier.

Classification of malignant and benign tumor is studied with the help of 
data gathered by images of tumor for checking growth points from different 
angle it perceive at different stages of age. Machine learning techniques 
categorized in three groups: (1) supervised, (2) unsupervised learning, and 
(3) reinforcement.8 In supervised learning, a machine is trained to learn and 
then based on learning a testing is done to get known output corresponding 
to given input. On the other hand, unsupervised learning is to make machine 
self-capable or trained to categorize given input data in which there are 
no known class or output variables only input is given and machine is 
trained based on some common properties of features.9 Reinforcement is 
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a combination of supervised and unsupervised learning in which there are 
some known data labels and some unknown data labels are given based on 
which it train machine for known data labels.

5.3.1 SUPPORT VECTOR MACHINES

Experiments were under the supervised category the very popular and 
very important technique is SVM for classify procedure and regression 
for data. For maximizing the accuracy of prediction, it is necessary to 
avoid over fitting of data which is very smoothly covered by SVM. The 
procedure used by SVM is using hypothesis space of linear functions 
that helps to map lower level dimensional space to higher level feature 
space. SVM use vector representation of input and these vectors are used 
for classification with the help of a hyper-plan of two or more up to 
n-dimensional space. There can be multiple hyper-plans to separate the 
classes but to get optimal hyper-plan by introducing the maximum margin 
classifier hyper-plan that is a linear classifier called linear support vector 
machine (L-SVM). Here, eq 5.1 is for calculating the maximum marginal 
classifier.

 ( )
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The purpose of using the maximum marginal classifier is for removing 
boundaries that are nonlinear by using kernel trick and then separating data 
with the help of using the concept of hyper-plan. For generating feature 
space kernel trick is used for mapping it to high dimensional feature space 
in the case when it is nonlinear and inseparable. The equation for Kernel is 
eq 5.1 and the equation for separating classifier is eq 5.2. There are different 
types of kernels available, that is, polynomial, GRB (Gaussian radial basis), 
ERB (exponential radial basis), and multilayer perceptron. SVM is very 
successful for classification that can be improved with the help of a better 
choice of kernel.
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FIGURE 5.2 SVM modeling for classification flow.

5.3.2 GRID SEARCH

Grid search (GS) is used to optimize hyper-parameter of SVM. There are 
different hyper-parameter, that is, C, degree, gamma coefficient; these are 
defined by lower bound, upper bound, and number of steps.2 GS is helpful 
in prevention of over-fitting with the help of cross-validation. SVM is 
implemented with four types of kernels each one with different settings of 
parameters: (1) linear kernel have one parameter C (the penalty), (2) RBF, 
and (3) Sigmoid kernels have two parameters with C and gamma, (4) poly-
nomial kernel has three parameter C, gamma, and degree setting.10 Due to 
variety of parameters in SVM modeling, the best combination formed to get 
better accuracy result.

5.3.3 FEATURE SCALING (FS)

Feature scaling (FS) is the part of data preprocessing that intends to clean the 
data to understand how the values are correlated to each other and impact the 
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prediction accuracies for model. Here for applying data preprocessing and 
cleaning in datasets, first of all, null values eliminated along with data tape 
conversion performed for converting of object type to numeric. FS is used to 
keep the same domain range between 0 and 1. With eqs 5.3 and 5.4, FS can 
be done for x
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FIGURE 5.3 Grid search.
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5.4 EXPERIMENTAL ENVIRONMENT

For classification, the most common used algorithm is SVM based on 
maximum boundary which use kernel methods. It finds in high-dimensional 
space a classification hyper-plane so that classification error can be 
minimized. The experiment environment in this study is about to apply a 
supervised learning algorithm for classification to find out the better result in 
accuracy on available WBC (Wisconsin breast cancer) dataset for (WDBC) 
diagnosis and (WPBC) prognosis prediction. In this study, Python language 
interface is used and supervised learning algorithms (LR, k-NN, NB, SVM, 
and DT) are applied. All three datasets are analyzed by dividing it into 
training and testing set.
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FIGURE 5.4 Feature scaling.

5.4.1 METHODOLOGY

After studying the dataset, it is very important of what types of algorithms 
and techniques are going to be implemented based on features whether are 
categorical or continuous. In this case before reaching to classification, 
there are some important steps required that comes under data preprocessing 
which is used for better fitting of data, that is, selection of features, reduction 
of dimension, and extraction of features. Here, the selection of features 
is followed by dimensionality reduction that select the subset of feature 
from existing large data set of original features by eliminating ineffective 
and unwanted feature from input set that reduce data noise and enhance 
the reliability of getting better results.11 In feature extraction, new feature 
are generated from the existing or available features. Filter approach for 
feature selection process is an evaluation method for attribute and subset 
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for calculating relevance among the features, in attribute relevancy each 
attribute is tested for having relevant mapping to target feature and assigned 
by weight according to degree of relevancy. Compared to filter method, 
wrapper method is very slow and a time-taking process that focuses on only 
feature subset relevancy or dependencies among them, but very good to 
provide optimal feature subset.12 Embedded method takes less time than the 
wrapper and use SVM approach for selecting features.

The classification of breast cancer data for malignancy or benign starts 
with the collection of data that are taken from the UCI repository, preprocess 
data to remove noise and empty or null values for variable in input data and 
scale in a range of [0,1] that helps to remove or avoid outliers form data 
which is called scaling. Normalization is implemented for scaling the data 
set values to a range from 0 to 1 which is called data preparation technique 
to use a common scale without losing any information In this, there is a need 
to identify the upper and lower bound and with no outlier. Then, for further 
preprocessing step includes avoiding over-fitting that can lead data for low 
accuracy result and if data is over–fitted, then machine learning try to get 
avoid noise represents the data points that are not true properties in our data. 
These procedures introduce a loss function called residual sum of squares or 
RSS. These coefficients minimize loss function by adjusting the coefficient 
based on training data. There is different form of regularization known as L1 
and L2. Ridge and Lasso are the variation techniques for regularization. L1 
form is Lasso; it uses modulus as penalty for penalizing the high coefficient. 
Here an introduction of tuning parameter that is used to define the flexibility 
of penalty in our model that is called shrinkage factor lambda. Lasso is an 
equation of summation of modulus of coefficient less than or equal to s that 
is constant exist for lambda.

 1 2 sβ β ≤

These are produced by standard least squares and expressed by sum of 
square of coefficient where all the points lie within circle given:

 2 2

1 2 sβ β ≤

5.5 RESULT ANALYSIS

The result in this research is evaluated by deriving a table used to measure the 
performance of model called confusion matrix. It is a graphical representa-
tion in form of a table with four combinations of predicted and actual values. 
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To obtain accuracy, precision, recall, specificity, sensitivity, F1 score, and 
AUC–ROC curves, a confusion matrix is used and evaluated for determining 
the performance of model for which there are four elements: true positive, 
false positive, false negative, and true negative (TP, FP, FN, TN). Sensitivity 
is a true-positive rate that are correctly classified positive as malignant cases 
where specificity is negative rate of correctly classified for benign cases. 
Accuracy is represented by ratio of true positive classified data points and 
true-negative data points out of total data points or we can say that it is for 
correct accuracy in model prediction. Precision is the correct positive label 
out of all classified positive data points. This research study compares three 
Wisconsin breast cancer dataset for diagnosis and prognosis. Using of default 
parameters is not implemented here besides this a range for domain is used 
for hyper-parameters (C, degree, gamma, and coefficient) and four different 
categories of kernels are used (linear, Sigmoid, polynomial, and RBF). Here, 
Table 5.2 is presenting accuracies for different classifier. By using GS, it is 
easy to find optimal parameter choice but also it is time consuming process, 
if there is large set of parameters and with high-dimensional dataset. Here, 
accuracies can be measured for all three datasets, where in the supervised 
machine learning algorithm, SVM achieve highest accuracies of 99% and 
NB performs lowest accuracies. By using GS for parameter optimization, 
accuracies achieved highest for WBC original dataset with SVM kernel 
radial bias to 93.65%.

TABLE 5.2 True Positive, False Positive, Precision, Recall, Specificity F1 Score Accuracy 
for Classifiers.

S.No. Classifier TP FP Precision Sensitivity Specificity F1 score

1 SVM 0.99 0.99 0.99 1.00 0.98 0.99

2 k-NN 0.97 0.96 0.96 0.98 0.94 0.96

3 LR 0.93 0.92 0.92 0.98 0.83 0.90

4 DT 0.92 0.92 0.92 0.93 0.90 0.89

5 NB 0.47 0.57 0.44 0.97 0.21 0.04

TABLE 5.3 Grid Search.

Dataset Grid search (%)

Wisconsin original 93.65

Diagnosis 92.98

Prognosis 74.35
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FIGURE 5.5 Efficiency and classification comparison for SVM, LR, k-NN, and NB.

FIGURE 5.6 Classification accuracy.

5.6 CONCLUSION

In this paper, supervised machine learning models are compared for breast 
cancer prediction for finding out the best accuracy in terms of different 
accuracy measurement parameters. In all the models, SVM identified the 
best one for breast cancer models fall under the category for prognosis 
and diagnosis. Here single SVM and SVM with GS for different kernel 
combinations were examined for breast cancer prediction. GS helps to 
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automate the selection of hyper-parameter and reduces time for classification 
with enhanced accuracy. For better comparison, different scaled datasets are 
used for accuracy measurement.

This experiment helps to understand the prediction performance and 
accuracy of SVM and other machine learning model for supervised environ-
ment. This research helps us to use SVM for classification problem for breast 
cancer prediction in future by assembling with other methodologies. Future 
study will lead to find the best assemble method of SVM for classification 
and prediction for breast cancer. Type of dataset is also a crucial point of 
study that becomes another area of research for future which also leads to 
study different available breast cancer dataset with SVM for better accuracy.
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CHAPTER 6

ABSTRACT

Mental health is a crucial aspect of overall well-being, and maintaining 
good mental health is essential for leading a happy and fulfilling life. Mental 
health issues, such as anxiety, depression, and stress, can have a significant 
impact on an individual’s quality of life, affecting their relationships, work, 
and overall happiness. Our project aims to develop an Android application 
that helps them to stay on top of their mental health and stay informed 
about their mental state. Sedona is an Android application that helps users 
track their mental health by enabling them to log their moods, journal their 
feelings, and access articles and resources that relate to how they are feeling. 
With Sedona, users can keep track of their mental health over time, visualize 
their mood trends on a graph, and get insights that help them make informed 
decisions about their well-being. Sedona is a valuable tool for anyone looking 
to prioritize their mental health and stay on top of their emotional well-being. 
Innovative approaches like Sedona offer hope for addressing this critical 
public health concern as mental health issues continue to rise globally.

6.1 INTRODUCTION

An individual’s overall wellness depends significantly on their mental health, 
which may also greatly impact their quality of life. However, identifying and 
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treating mental health disorders can be difficult, particularly considering the 
stigma and dearth of resources related to mental health problems. Numerous 
detrimental effects, such as lower productivity, harmed relationships, and even 
physical illness, can result from poor mental health. One in four individuals 
worldwide suffers from common mental health diseases, according to the 
World Health Organization (WHO), and due to the severity of the problem, 
many health researchers decided to focus on studying this discipline.8 Nearly 
66% of individuals with a recognized mental health problem never seek 
assistance from a licensed therapist. If stress and anxiety start to interfere 
with daily activities, there may be a major problem. In the long run, this 
could make the problem worse. The use of machine learning (ML) and 
deep learning techniques for improving the early diagnosis and treatment 
of mental health conditions has gained increasing attention in recent years.

Since automated applications and virtual assistants are perceived as 
being nonjudgmental and nonopinionated, people are more likely to express 
themselves when speaking with them. This could be a significant therapeutic 
advantage because effective treatment of mental health disorders requires 
the early detection of mental health issues.7

To solve this problem, we created Sedona. An Android application called 
Sedona for tracking mental health—giving users the ability to keep track 
of their mental well-being by recording their moods, keeping a log of their 
emotions, and reading articles that are relevant to their present mood. By 
giving customers a user-friendly platform to efficiently track and manage 
their mental health, Sedona offers a distinctive and accessible approach to 
mental health management.

Databases are used by the application to store and manage user data. 
These databases include the main application database, a resource database 
that contains articles linked to each mood, a journal database that contains 
journal entries, and a mood database that keeps track of the user’s moods.

These datasets are utilized by Sedona to give users personalized, real-
time insights regarding their mental health. This information helps users 
comprehend their emotional patterns, determine potential triggers, and make 
healthy changes to their lives.

This research paper’s main goal is to evaluate Sedona’s effectiveness 
in fostering mental health and well-being. The paper will give a thorough 
description of the application, covering both its technical details and overall 
operation. Sedona takes a more advanced approach to tracking mental health, 
giving users a convenient, personalized platform for keeping tabs on their 
mental well-being. Since Sedona gives users the tools to effectively manage 
their mental health, it has the potential to increase mental health and well-being.
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The stigma surrounding mental health illnesses, which prevents people 
from getting treatment and causes them to suffer in silence, is another factor 
that inspired the development of this project. Mental illnesses can degrade the 
quality of life, cause physical illnesses, and reduce productivity, happiness, 
and fulfillment.

The goal of this project is to implement an Android application that aids 
in tracking moods and keeping a journal to enhance users’ mental health. 
Applications and virtual bots offer hope for addressing this crucial public 
health issue as mental health disorders continue to develop internationally. 
An advanced mental healthcare application with built-in calming games, 
a chatbot, in-depth analysis, and round-the-clock therapist support can be 
created using this technology.

6.2 RELATED WORK

6.2.1 PROPOSED IDEA

As shown in Figure 6.1, the Sedona mental health tracking application offers 
use cases including mood logging, journal writing, mood graph construction, 
and so on. The application was created using a client–server architecture, 
allowing users to interact with it via a user-friendly interface while the server 
handles tasks like data storage, analysis, and suggestion. The components of 
the system architecture are as follows:

1. User interface (UI):
• The UI component gives users a simple and engaging interface 

via which they may enter their feelings and diary entries. Users 
can browse suggested articles based on their current mood and 
investigate mood graphs.

• Mood and journal entry handler: This component accepts and 
processes user input for mood and journal entries.

2. Application server:
• It verifies the input and records it, together with pertinent metadata 

like the date and the degree of the emotion, in the mood database 
and journal database, respectively.

• Mood graph generator: The mood graph generator component 
uses data visualization techniques to produce graphical represen-
tations of mood patterns over time by retrieving mood data from 
the mood database.
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FIGURE 6.1 Use case diagram.

3. Databases:
• Mood database: This database keeps track of the user’s registered 

moods and their intensity. It keeps a record of the mood data in 
chronological order to make mood tracking and analysis possible.

• Journal database: The user-provided journal entries are kept 
in the journal database. Users can evaluate their thoughts and 
experiences throughout time because each entry specifies the 
date and the entry’s content.
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• Resources database: Each article in the resources database has 
been labeled with pertinent metadata, such as mood, topic, and 
content. The Article Recommender component uses these articles 
as a resource pool to make suggestions based on the user’s mood.

Overall, the system architecture of Sedona combines user interaction, 
data storage, analysis, and recommendation functionalities to provide users 
with an intuitive and comprehensive mental health tracking experience.

6.2.2 PROPOSED MODELING

The Android application was created in a way that will assist the user in 
monitoring their mental health. Users of the Sedona application can keep 
a daily mood journal and track their mood by recording journal entries. 
In accordance with the user’s present mood, the program also suggests 
related articles, enabling them to learn more about their emotional condition 
and look for tools to enhance their mental health. Since it is a demanding 
undertaking, many academics have been working on tracking and detecting 
mental health for a long time. Keeping track of user emotions and assisting 
with emotion management is a difficult endeavor. Sedona uses a mood 
graph to show the user’s mood over the last seven days, which is one of 
its main features. This function gives the user a visual picture of how their 
mood has evolved over time, allowing them to spot trends and adjust to 
enhance their mental health.

The internal architecture of the system is depicted in Figure 6.2’s system 
architecture. This involves several actions, including mood logging, journal 
entry, article recommendation, and mood graph generation. Sedona promises 
to empower users to take control of their mental health and lead happier, more 
satisfying lives by offering customized resources and visual representations 
of mood data. The features of the program that are given below provide 
consumers with a better look at the Sedona functionalities that are available 
and how they may utilize them.

1. Mood tracking: One of the core features of Sedona is mood tracking. 
Users can log their moods daily using a simple interface, allowing 
them to monitor their emotional state over time. The app also provides 
a mood graph that displays the user’s mood over the past seven days, 
helping users to identify patterns, and make changes to improve their 
emotional well-being and keep their mental health in check.
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2. Journaling: Sedona also offers a journaling feature, allowing users to 
record their thoughts and feelings in a private, secure environment. 
This feature provides users with a space to reflect on their emotions and 
experiences, helping them to gain insight into their mental health and 
work through difficult emotions.

FIGURE 6.2 System architecture.

3. Related articles based on the user’s current mood: Sedona provides 
personalized articles and resources to help users learn more about 
their emotional state and seek out resources to improve their 
mental health. This feature provides users with access to a wealth 
of information and tools to help them manage their mental health 
effectively.

4. Secure data storage: Sedona employs four databases to store data 
efficiently and securely. The main application database stores the 
user’s journal entries and mood data, while the resource database 
stores related articles based on the user’s current mood. Additionally, 
the journal database stores entries for the user’s personal journal, 
and the mood database stores the user’s mood history. This ensures 
that user data are kept safe and secure, protecting their privacy and 
confidentiality.



Sedona: A Mental Health Tracker 97

5. User-friendly interface: The user-friendly interface of Sedona makes 
it simple for users to access and utilize all its capabilities. Users may 
quickly and simply keep track of their mood and write journal entries 
thanks to the app’s straightforward interface and easy navigation. 
The software includes a built-in dark mode to conserve resources 
and reduce eye strain.

The proposed Android application system is intended to offer an improved 
approach to mental health tracking, providing users with a comprehensive 
tool to help them monitor and improve their emotional well-being.

6.3 RELATED WORK

In Ref. [1], 88,126 user reviews are analyzed for sentiment using ML, and 
then the reviews are thematically analyzed to evaluate 103 mental health 
apps available on Google Play and the App Store. Using five classifiers that 
were developed using supervised ML techniques are used to compare their 
performance. The F1 score of the top-performing classifier, which was used 
to predict the sentiment polarity of reviews, was 89.42%. It also provides 
design suggestions on how to address the highlighted drawbacks to increase 
the efficiency of mental health apps.

Again in Ref. [2], research results have been described and discussed their 
implications for developing emotional wellness-promoting mobile applica-
tions. The research also carried out a feature analysis to investigate how 
these apps support the preparation, collection, reflection, and action stages 
of self-tracking. It was found that while mood-tracking applications offer a 
huge amount of functionality for the stages of collecting and reflection, they 
fall far short in the stages of planning and implementation.

In Ref. [3], U Srinivasulu, A Dharun, and Aditya Thota have used ML 
techniques to examine the stress patterns of working people and identify the 
variables that have the biggest impact on their stress levels.

In Ref. [4], the work aims to review the literature on DL algorithm used in 
outcome research on mental health. The authors first give a succinct introduction 
to contemporary DL approaches. The literature pertaining to DL applications in 
mental health outcomes is reviewed and challenges in DL are discussed.

In Ref. [5], the signal processing approach and the machine algorithms 
for mental health tracking are discussed. Signal processing is used for 
mapping from data to representations of behaviors and mental states and ML 
algorithms are used for drawing the inferences.
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In Ref. [6], the authors develop an advanced artificial intelligence conver-
sational agent that is completely functional and acts as a real-time therapist, 
analyzing the user’s emotions at each stage and offering suitable responses 
and feedback.

In her work, Norah Saleh Alghamdi6 has designed a user-friendly appli-
cation using smart devices and text analytical tools. It provides quick pieces 
of advice, breathing exercises that are animated, and text-based therapy from 
licensed psychologists. The SVM fared the best when compared to other ML 
classifiers, getting a score of 79.81 percentage points on the text analytical 
tool.

Recently, various businesses, including the field of mental health, have 
paid a lot of attention to AI techniques.8 Advanced AI methods and ML algo-
rithms have made it possible to provide individualized care that is focused 
on offering emotional support tailored to a particular person. By evaluating 
the algorithms and parameters used in each system, numerous systems have 
been analyzed for mental health monitoring in this study, including virtual 
counseling, precision therapy, and diagnostic systems.

Teles et al.9 reviewed an app used to help people with depression for this 
research. The results of this investigation showed that a few apps, including 
chatbots, online treatment, educational materials, mood monitors, testing, 
and self-help, are being used more frequently.

In Ref. [10], the study shows that people with mental illnesses worry 
about a variety of interconnected traits. To enhance the user experience, 
which will consequently enhance user adherence, these elements should 
be carefully reviewed within the design phase all through the development 
cycle of the cognitive behavior therapy apps in the healthcare industry.

6.4 RESULTS AND DISCUSSION

In this section, the results of our application have been discussed. Following 
are the results of our Android application. Figure 6.3 shows the welcome 
page of our application. It shows the functionalities offered by the applica-
tion and the terms and conditions.

In Figure 6.4, we can see the journal entries added by the user to the 
Android application. It shows the title of the journal entry, which further 
shows the journal entry when we click on it. These data can be used by the 
user to assess feelings and thoughts. It can help the user to keep their mental 
health in check.
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Welcome to Sedona

Welcome is a personal tool that helps  
you keep back of full mental health

FIGURE 6.3 Welcome page.

FIGURE 6.4 Mood logs.
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In Figure 6.5, we can see the activities recommended by the Android 
application based on the mood logged last by the user. It recommends the 
user articles, songs, videos, and so on, based on their mood logs so the user 
can relax. These recommendations are made with the help of the resource 
database which consists of the various resources along with the related 
moods.

FIGURE 6.5 Resource recommendation.

In Figure 6.6, we can see the mood graph generated based on the mood 
logs by the user. The application accesses the mood database and plots the 
graph based on the previous seven-day entries by the user. It helps the user 
to keep track of their emotions and manage their mental health.

Our application helps users to navigate and manage their emotions by 
offering features like mood logs, journal entries, and mood graphs. With the 
ability of mood tracking, it enables the users to understand their mental state 
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and helps them work through their issues. The app offers a user-friendly and 
easy-to-navigate interface.

FIGURE 6.6 Mood graph.

6.5 CONCLUSION

In conclusion, the Sedona application has been successfully created to fulfill 
the requirement for a comprehensive, user-friendly, and accessible tracking 
tool for mental health. Sedona has given people a useful tool for tracking 
their mental health and encouraging self-care through the deployment of its 
core features, which include mood tracking, journaling, relevant articles, and 
mood graphs. The application’s databases guarantee effective data manage-
ment, and its user-friendly interface makes it simple for users to access and 
use all the application’s functions. Sedona’s aims have been implemented 
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successfully, as evidenced by our peers’ praise for it. There is enormous 
potential for the Sedona application to develop in the future. The incorpora-
tion of a chatbot would make the user experience more interactive and make 
it easier for consumers to get support and direction right away. Users who 
require professional assistance would benefit from an additional level of 
support if therapy services were included in the application. Furthermore, 
thorough mental health analysis might offer users tailored suggestions and 
resources based on their requirements. In conclusion, Sedona represents a 
significant step forward in addressing the need for accessible and compre-
hensive mental health tracking tools.
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CHAPTER 7

ABSTRACT

One of the main reasons for unexpected death or the main cause of mortality 
globally is heart syndrome. A person now loses their life due to heart disease 
every minute, making heart disease deaths one of the greatest challenges in 
today’s society. Heart function is impacted by heart syndrome. According to a 
survey conducted by the World Health Organization, heart disease claimed the 
lives of 18 million individuals. The paucity of resources makes early disease 
prediction extremely difficult. When used in the healthcare industry, machine 
learning has the potential to diagnose diseases or syndromes accurately and 
early. Medical parameter attributes must be present in datasets. The datasets are 
analyzed in Python using the Random Forest Machine Learning Algorithm. In 
this study, a trustworthy machine learning algorithm is used to forecast cardiac 
illness or syndrome. An algorithm reads a CSV file of patient record data that it 
has obtained from surveys or hospitals. Following dataset reading, the procedure 
is carried out, and the effective heart attack level or syndrome level is generated.

7.1 INTRODUCTION

People in the current world do not even have time for themselves. To build 
fortune, they do not truly care about their health. Fast food is preferred 
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over nutritious homemade cuisine, which is bad for our general health and 
especially for the heart. Heart disease is caused by a variety of risk factors, 
which doctors classify into two groups.

Age, sex, and family history are examples of risk variables that cannot 
be modified. Risk factors include things like high blood pressure, smoking, 
inactivity, and high cholesterol. Additionally, some customers cannot afford 
or use some technology, such as CT scans and electrocardiograms, which are 
essential for identifying coronary heart disease. 17 million individuals have 
died because of the cause alone. Employees with cardiovascular disease were 
responsible for 25–35% of a company’s yearly medical costs. To reduce the 
financial and physical costs of heart disease for individuals, organizations, 
and society as a whole, early identification is crucial. By 2030, the WHO 
predicts that there will be 23.6 million CVD-related deaths worldwide, with 
heart disease and stroke being the main contributors.

Then you start to consider how machine learning techniques differ from 
conventional techniques. For example, conventional techniques require 
a lot of data and people to undergo various tests, which are time- and 
money-consuming.5 As a result, some people may assume that we can wait 
to perform those tests, which could result in a person losing their life due 
to a disease that was detected too late. On the alternative hand, machine 
learning approaches for detecting heart disease are highly effective, afford-
able, and very important for people with modern lifestyles. As a result, it is 
now possible to detect heart disease early using risk factors and machine 
learning algorithms. It can forecast whether a person will be overweight or 
have heart disease in the future based on their lifestyle, eating habits, and 
exercise routine. And if he is at risk for developing heart disease, he may 
start taking preventative measures right away techniques, and we are able to 
identify concealed patterns that may be used to clinical diagnostics.

Data mining is therefore essential in the medical sector, as evidenced by 
research carried out over the preceding few decades.3 Many indicators should 
be considered when diabetes, elevated blood pressure, excessive cholesterol, 
and an irregular pulse are risk factors for heart disease. The findings in 
predicting heart disease are frequently affected by incomplete medical data.

Machine learning plays a crucial role in the medical sector. With the aid 
of machine learning, we can understand, identify, and forecast numerous 
illnesses. Using data mining and machine learning techniques, there has 
recently been an increase in interest in forecasting the chance of contracting 
specific diseases. Previously published studies use data mining techniques 
to predict disease. Numerous studies have tried to forecast the possibility 
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of illness development in the future, but reliable results are not yet avail-
able. The main goal of this research is to accurately forecast the potential for 
human cardiovascular diseases.

7.2 EXPERIMENTAL METHODS AND MATERIALS

7.2.1 DECISION TREE

When trying to handle problems with regression and classification, decision 
tree supervised learning techniques are often utilized.1 It has internal nodes 
for record properties, branches for decision-making, and leaf nodes for 
classification results at the conclusion of each branch. This classifier is tree 
structured. A decision tree has two nodes: a decision node and a leaf node. 
To make decisions, decision nodes are employed, On the other hand, a leaf 
node is the outcome of a choice and contains no more branches. Run tests 
and make judgements depending on the dataset’s characteristics.

• Decision Tree Types many well-known decision tree algorithms, 
including the ones listed below, are built on “Hunt’s algorithm,” it 
was created in Psychology in the 1960s to simulate human learning.

• ID3: The creation of ID3, also known as the “Iterative Dichotomiser 
3,” is ascribed to Ross Quinlan. Entropy and information gain are 
used by this technique as dealings to assess potential splits.

• C4.5: This approach is regarded as a more recent version of “Quinlan’s 
ID3” algorithm. To be able to judge divide values within “decision 
trees,” it might employ information gain or gain ratios.

• CART: Leo Breiman coined the term “classification and regression 
trees” (CART), which is an acronym for it. Gini impurity is often 
used by this method to choose the best characteristic to split on. The 
frequency of misclassification for a randomly chosen property is 
quantified by the Gini impurity. A lower number is preferable when 
using Gini impurity to evaluate.

The decision tree’s leaf nodes depict the program’s results, while the trunks 
reflect the guidelines with each main component the functions, they govern 
an adaptive approach to supervising ML which can be used for issues related 
to regression and classification. Some of the most potent algorithms is this 
one. Additionally, among the greatest potent machine learning approaches, 
random forests, is used to train on various subsets of the training data.
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FIGURE 7.1 Decision tree.

A decision tree is what it is called since it origins from the origin node 
and expands like a tree. The tree is created using the “classification and 
regression tree method” (CART algorithm). Depending on the answer (yes/
no), the decision tree creates a single query and splits it into subtrees. 

7.2.2 RANDOM FOREST

Recommended Machine Learning Algorithms Supervised learning approaches 
are related to random forests. You can use it to solve ML problems related to 
“classification and regression.” It is predicated on the concept of “ensemble 
learning,” a technique aimed at addressing complicated issues and combining 
a significant number of classifiers to enhance model performance.

Both regression and classification tasks can be handled by an ensemble 
technique called random forest. This technique uses a series of decision 
trees and a technique called bootstrapping and aggregation (also known as 
bagging). This approach’s main tenet is to mix together several decision trees 
in order to obtain the desired outcome rather than depending just on one.  



Machine Learning-Based Heart Disease Prediction System 109

For random forests, the primary learning paradigm is multiple decision trees. 
Rows and characteristics are chosen at random from the dataset to provide a 
sample dataset for each model. The bootstrap refers to this section.

FIGURE 7.2 Random forest.

The variance is decreased since each decision tree has a wide range of 
variations, but when you mix them all at once, the conclusion depends on 
many decision trees rather than just one because each decision tree was 
effectively trained on that specific data sample. In a classification challenge, 
the winner is the classifier who receives the most votes.1 The end outcome in 
regression problems is the average of all outputs. “Random Forest,” equally 
its term shows, is a classifier that increases the predictability of a dataset by 
averaging numerous decision trees that have been applied to various subsec-
tions of the dataset.

Using predictions from each decision tree instead of just one, Random 
Forest predicts outcomes depending on the majority of votes in the forecast. 
The accuracy and overfitting issues are reduced when there are more trees 
in the forest. As its name suggests, a random forest is a type of classifier that 
enhances predictability by averaging many decision trees that have been used 
to analyze various parts of the dataset.8 Using predictions from each decision 
tree instead of just one, Random Forest predicts outcomes depending on the 
majority of votes in the forecast. The accuracy and overfitting issues are 
reduced when there are more trees in the forest.
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7.2.3 XG-BOOST

When training machine learning models, the distributed gradient boosting 
toolkit XGBoost was created to be quick and scalable. Methods of ensemble 
learning combine predictions from various weak models to get predictions 
that are more accurate. Due to its ability to deal with big datasets, XGBoost, 
or extreme gradient booster, is one of the most well-known and popular 
machine learning methods and provides innovative results in various 
machine learning tasks such as classification and regression. The effective 
treatment of missing data is a key aspect of XGBoost. This enables you to 
manage actual data with missing values without requiring any planning.2 
Additionally, XGBoost offers the ability to run parallel computations, which 
may be applied to model training.

Kaggle tournaments, recommendation engines, and click-through rate 
forecasting are just a few uses for XGBoost. Additionally, the model’s many 
adjustable characteristics make it incredibly adaptable and simple to speed-
optimize. Researchers at the University of Washington developed the idea 
of Extreme Gradient Boosting (XGBoost). This C++ package of his helped 
improve gradient reinforcement training methods.6

By minimizing the loss of the objective function on the dataset, XGBoost 
is trained. As a result, the selection of the loss function is a crucial hyper 
parameter that, like any deep learning neural network, is greatly influenced 
by the kind of issue it is intended to solve.

XGBoost may be used for a variety of purposes, such as Kaggle competi-
tions, recommendation systems, and click-through rate prediction. It also 
allows for the fine-tuning of many model parameters, which makes it very 
versatile and facilitates speed optimization.

7.2.4 A MULTILAYER PERCEPTRON (MLP)

Multi-layer recognition, or MLP, is the term used for this. By using impor-
tant and closely related levels, each input dimension may be converted into 
a target dimension. A multi-layer neural network is referred to as multi-layer 
perception. Neurons are coupled in a neural network such that some of their 
inputs and outputs are linked.5

A multi-layer perceptron includes neurons (or nodes) in each of its input 
and output layers, and any number of its hidden levels may have any number 
of nodes.
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FIGURE 7.3 XGBoost.

Three inputs provide three input nodes and three nodes in the hidden layer 
in the multilayer perceptron design that was just explained. Since there are 
two outputs from the output layer, there are also two output nodes. As can be 
seen in the figure above, each of the three nodes in the hidden layer receives 
its results from its input layer nodes, which in turn analyzes the data already 
passing it to the output layer.8 Inputs are received by the nodes of the input 
layer and forwarded for processing. In multilayer cognition, each node uses 
a sigmoidal activation function. Real data are converted to integers between 
0 and 1 via a sigmoidal activation function.

Artificial neural feedforward networks with many inputs and outputs are 
called multilayer perceptrons (MLPs). MLPs are characterized by directed 
networks that connect input nodes at different input node levels and are 
connected between input and output levels. MLP trains the network via 
backpropagation. MLP is a deep learning technique.

The multilayer perceptron diagram above shows that there are three 
inputs that connect to three input nodes as well as three nodes in the “hidden 
layer.” There are two nodes per output since the output layer has a pair of 
outputs. In the image, there are two nodes per output on the resulting level 
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since each node has two outputs. And the hidden layers similarly process the 
data before sending it to the output layer node. Nodes at the input layer take 
in data and transmit it elsewhere for processing.

FIGURE 7.4 Multilayer perceptron (MLP).

7.2.5 SUPPORT VECTOR MACHINE

Support vector machines (SVMs) are among the most extensively accepted 
techniques for supervised learning used to solve regression and sorting 
issues. However, the majority of its applications involve classification using 
machine learning issues.

The SVM technique aims to provide optimum lines or decision boundaries 
that can categorize the n-dimensional space, allowing for rapid classification 
of fresh data points in the future. The best way around this restriction is 
through hyperplanes.

Both classification and regression are carried out using supervised machine 
learning techniques termed support vector machines (SVM). We often refer 
to regression problems, but they might be better described as classification 
problems. The SVM method identifies hyperplanes in N-dimensional space 
that accurately categorizes data points. The hyperplane size depends on the 
number of features. One way to visualize the hyperplane is to represent it as 
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a line containing only two input features. The hyperplane will be a 2D plane 
if the input consists of three features. Anything having more than two traits 
is difficult to conceive of.

SVM comes in two varieties:

• Linear SVM: Frequently referred to as linearly separable data, “linear 
SVM” is utilized for data that can be broken down into dual groups by 
a single straight line. Linear SVM classifiers are utilized for such data.

• Nonlinear SVM: “Nonlinearly” divided data is carried using it, 
meaning that if a dataset cannot stay categorized using a straight line, it 
is “nonlinear” data and a “nonlinear SVM” classifier is being utilized.

Finding the ideal decision boundaries or lines to divide n-dimensional 
space into groups is the aim of the SVM approach, which enables following 
data points to be promptly classified into the appropriate category. A hyper-
plane is the perfect decision boundary. By utilizing SVM to choose extreme 
vectors and points, hyperplanes are built. The procedure is referred to as a 
“support vector machine” because of this peculiar circumstance.

7.3 RESULTS AND DISCUSSION

The 70,000 rows and 12 features in the original dataset were reduced to 
around 59,000 rows and 11 features after cleaning and preprocessing. To 
enhance model performance, outliers were eliminated as all characteristics 
were categorical. In this study, Decision Trees, Hierarchical Recognition, 
Random Forests, and XGBoost Classifiers were employed. F1 score, recall, 
accuracy, precision, and area under the ROC curve were the performance 
indicators employed in this investigation. 80% of the dataset was used to 
train the model, while 20% was used to test it.

Hyper parameter optimization was automated with the “GridSearchCV” 
method. “GridSearchCV” needs an estimator, a set of hyper parameters to 
search, and a scoring technique in order to identify the set of hyper param-
eters that maximizes the scoring method. This method, which is part of the 
“scikit-learn module,” employs “k-fold cross-validation” to evaluate the 
effectiveness of different sets of hyper parameters.

Following hyper parameter tuning of the cardiovascular disease dataset, 
many ML, including “MLP, RF, decision trees, and XGBoost,” were 
employed to detect the existence of cardiovascular illness. The stadium was 
the winner thanks to the multilayer perceptron (MLP) technique, which also 
had the greatest cross-validation accuracy (87.28%), extraordinary “recall, 
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precision, F1 score, and AUC scores” (84.85, 88.70, 86.71, and 0.95). All 
classifiers had accuracy percentages greater than 86.5%. By using Grid-
SearchCV to modify the “random forest algorithm's” hyper parameters, 
the accuracy was augmented from 86.48% to 86.90% by 0.5%. Similar to 
this, the XGBoost algorithm’s accuracy increased through hyper parameter 
optimization from 86.4% to 87.02%, a gain of 0.6%.

TABLE 7.1 Algorithm Comparison.

Model Accuracy Precision “Recall” “F1-score”
“Without 

CV”

“CV” “Without 

CV”

“CV” “Without 

CV”

“CV” “Without 

CV”

“CV”

Random 
forest

87.85 76.2 89.03 88.70 82.95 84.85 85.88 86.71

Decision 
tree

76.92 81.02 88.52 89.42 83.46 83.43 85.91 86.32

XG-boost 86.53 8.37 90.10 89.11 81.17 81.61 85.40 85.32

MLP 72.05 82.4 89.62 88.93 82.11 83.57 86.30 86.16

SVM 82.23 87.36 78.36 78.41 79.25 78.36 81.38 83.25

An ROC (Receiver Operating Characteristic) curve is used to graphically 
depict the performance of a binary classifier. For various categorization 
criteria measurements occur across the “true positive rate” (TPR) and “false 
positive rate” (FPR).

FIGURE 7.5 Chart for algorithm comparison.
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AUC, a scalar statistic, assesses a classifier’s overall performance as 
well as its sensitivity and specificity. All models had high AUCs over 
0.9. The XGBoost, the greatest AUC of 0.95, is shared by the Random 
Forest and Multilayer Perceptron (MLP) models. In total 14 pertinent 
qualities, including those predicted to affect a person’s risk of acquiring 
heart disease, are chosen from the 76 features in the dataset in order to 
evaluate the system. When these characteristics are considered, the system 
the innovator obtained is less effective. For efficiency, attribute selection is 
employed. The model with the highest accuracy should be evaluated using 
n criteria. Due to their close correlation, several dataset characteristics are 
excluded.1 It is considerably less efficient to take into account all attributes 
in the dataset.

We discovered that the random forest method beats other algorithms in 
terms of accuracy after using machine learning techniques for both training 
and testing. The values based on the TP, TN, FP, and FN quantities were 
calculated using this equation. The best structure is found to be a random 
structure after extensive investigation and comparison. The confusion matrix 
is used to determine accuracy for each approach.

7.4 CONCLUSION

This study’s primary objective was to categorize heart disorders using 
various models and actual information. We employed a K-mode clustering 
technique to forecast illness onset using a dataset of cardiac patients. Blood 
pressure readings, both diastolic and systolic measurements, were separated 
into 10-interval bins, while the age features were translated to years and 
divided into 5-year bins. The data was then divided by gender to account for 
certain traits and variations in the development of cardiac disease in both 
genders.

Statistics show that the MLP model was 87.23% accurate. These findings 
imply that K-mode clustering may reliably predict heart illness and that this 
method may be helpful in the development of heart disease diagnostics and 
targeted therapeutics. This study employed his 70,000-item Kaggle cardio-
vascular illness dataset, and all algorithms were created using Google Colab. 
As previously indicated, all approaches had an accuracy of 86.37%, with 
the multilayer perceptron having the highest accuracy and the decision tree 
having the lowest.
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7.4.1 LIMITATIONS

There are several restrictions to consider despite the promising outcomes. 
The study may not apply to other demographics or patient groups because 
just one dataset was used. In this analysis, only a small number of demo-
graphic and clinical criteria were included, as well as additional possible 
contributors to risk for heart disease, including dietary habits and genetic 
predisposition, were also disregarded. Furthermore, the dataset kept for 
testing has not been used to evaluate model performance. This might be a 
sign of the model’s ability to generalize to fresh, untested data. Finally, the 
results’ interpretability and capacity to justify the clustering generated by 
this approach were not assessed.
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CHAPTER 8

ABSTRACT

Compared to other cancers, breast cancer is currently one of the top concerns 
for women. Breast cancer is a condition that develops when a woman’s 
breast cells multiply uncontrolled. To detect breast cancer and change in 
the cells, we can use different algorithms and methods like Support Vector 
Machine (SVM), Decision Tree, Random Forest, and Convolutional Neural 
Network (CNN), in which convolutional Neural Network (CNN) algorithm 
was utilized mostly because it provides greater accuracy compared to other 
methods. One of the best methods for classifying images in deep learning 
is the convolutional neural network (CNN).13 Through image processing, 
this research improves the automatic identification of breast cancer using 
MRI scans. To extract the appropriate areas that are relevant from the MRI 
images using this approach, segmentation is combined with several image 
processing procedures. Results from various research studies show that, in 
comparison to other methods, the accuracy rate for CNN has increased.

8.1 INTRODUCTION

As per the research, the second most prevalent cancer in women and the one 
with the greatest risk of death is breast cancer. The conclusions of a survey 
of death rate in India due to breast cancer from 2018 to 2022 is shown in 
Table 8.1 below.
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TABLE 8.1 Death Rate.

Year Death rate

2018 87,090

2019 41,760

2020 >76,000

2021 7,89,202

2022 8,08,558

In 2021, the Survival Rate was 90% and in 2022 the USH has a 90–95% 
Breast Cancer Survival Rate whereas India has a 66%. The Survival Rate is 
increased because of early detection of breast cancer. Because breast tumor 
patients have an average survival rate of over 90% over 5 years, early detec-
tion of the condition is vital for greatly lowering fatality rates in females. 
After all, the tumor was discovered when it was still very treatable. Breast 
cancer can be identified through biopsies and imaging testing.

Mammography, ultrasound, and magnetic resonance imaging (MRI) 
are the three imaging modalities that are most frequently used to diagnose 
breast cancer. Mammography is recognized as the most reliable method 
for cancer screening among these modalities shown in Figure 8.1. Despite 
being a common screening procedure, mammography is not as successful for 
women under the age of 40 who have thick breasts, are less responsive to the 
early tumor, or do not detect any cancer.

FIGURE 8.1 Sample mammography images.
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8.2 LITERATURE SURVEY

In this paper, Nguyen et al.1 use the Convolutional Neural Network also 
called CNN. Convolutional neural networks (CNN) are a particular kind of 
deep learning that excels at classification, image, and speech recognition. 
From the public BreakHis dataset, they classify and identify breast cancer 
photos using CNN. There are four benign subclasses and four malignant 
subclasses among the 7909 histopathological pictures of breast cancer (BC) 
in this collection.1

With open-source access to artificial intelligence-based software, the goal 
of this project is to create a system that can aid doctors in the identification of 
breast cancer. The suggested method, which classifies breast cancer (benign/
malignant) based on histopathological pictures, was developed utilizing an 
open-source data set. In this case, the images produced by staining biopsy 
specimens collected from breast tissues with hematoxylin and eosin were 
analyzed using the Keras library and convolutional neural networks from 
deep learning techniques. The proposed system provides promising predic-
tions in the classification of breast cancer, and it can be utilized for clinical 
decision support in the classification, according to experimental data from 
the study.2

This study’s authors suggested the stacking classifier, an ensemble 
method that effectively distinguishes between benign and malignant tumors 
by combining various classification algorithms. This study makes use of the 
“Wisconsin Diagnosis Breast Cancer” dataset, often known as WDBC. Over 
the dataset, they used various classification approaches, tuning the param-
eters to increase accuracy. In this work, CART, Random Forest, Logistic 
Regression, K-Nearest Neighbors, and Support Vector Machine are used as 
classification algorithms.3

The “Wisconsin Diagnosis Breast Cancer” dataset, generally known as 
WDBC, is used in this study. The dataset used for this experiment consists 
of features collected from digitized images of FNA (Fine-needle aspiration) 
examinations done on breast lumps on cells from breast cancer patients 
and cells from healthy individuals. To assess the prediction findings, they 
employed the classification techniques Support Vector Machine, Decision 
Tree, Logistic Regression, K-Nearest Neighbor, Naive Bayes, Random 
Forest, and Neural Network-based algorithm-Multilayer Perceptron. To 
determine the top performing algorithm, the resulting findings were also 
contrasted with ensemble-based learning techniques as Gradient Boost, 
XGBoost, and Adaboost classifiers.4
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Weka software has employed classification and clustering algorithms on 
the breast cancer dataset to forecast the nature of breast cancer in advance of 
additional therapy. Data preprocessing, classification, regression, clustering, 
association rules, and visualization are all performed on a dataset using the 
WEKA tool. Actual cancer patients’ data sets have been gathered for the UCI 
Machine Learning Repository. The evaluation of the breast cancer database 
involved the analysis of several machine learning computations. Used were 
the three classification algorithms. Among the clustering techniques, simple 
k-means is the most suitable route for the study of the patients.5

This study used two well- known ensemble machine literacy styles to 
examine a bone cancer dataset and read the development of bone cancer. Bone 
cancer was prognosticated using Extreme Gradient Boosting (XGBoost) and 
Random Forest. For this exploration, an aggregate of 275 exemplifications 
with 12 features were used. In this disquisition, delicacy results were 73.63 
using XGBoost and 74.73 exercising the Random Forest fashion. The study 
is based on “Wisconsin opinion bone Cancer” (generally known as WDBC) 
dataset.6

This study employs neural networks and different types of data mining to 
detect the presence of breasts. Breast cancer occurs when cells in the breast 
begin to grow or multiply out of control. It then spreads from the breast 
tissue. Cancers that arise from these cells are usually visible on a mammo-
gram or can be felt as a lump. WEKA software was used in this study. Data 
preprocessing, classification, regression, clustering, association rules, and 
visualization are all performed on the dataset using WEKA tools.7

Traditional breast cancer image classification techniques call for the 
manual extraction of features from medical pictures. This requires expert 
medical knowledge in addition to being labor- and time-intensive and chal-
lenging to extract high-quality features. As a result, the paper suggests a 
computer-based strategy for classifying and detecting breast cancer images 
using feature fusion and convolutional neural networks. In this study, two 
convolutional neural networks with distinct structural pretraining are used. 
The convolutional neural network is then used to automatically extract 
feature characteristics, fuse the features from the two extracted structures, 
and then classify the fused features.8

This study shows that automated machine learning (AutoML) systems are 
helpful data science assistants designed to scan data for novel features, select 
appropriate supervised learning models, and optimize their parameters. For 
this purpose, Tree-based Pipeline Optimization Tool (TPOT) was developed 
using strongly typed genetic programming (GP) to recommend an optimized 
analysis pipeline for the data scientist’s prediction problem. However, like 
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other AutoML systems, TPOT may reach computational resource limits 
when working on big data such as whole genome expression data.9

8.3 MOTIVATION

Recent years have seen a rise in the understanding among many cancer 
researchers that this disease may be a systemic illness nearly from its start. 
Additionally, it is becoming more and more obvious that most malignancies 
are already advanced when they are initially brought to the attention of the 
clinician by the patient. The patient’s obvious lesion may be eliminated, but 
its seeds have advanced in development or the immune system’s ability to 
fight them has significantly decreased, rendering them ineffective. Table 8.2 
shows the age-specific risk of breast cancer.

TABLE 8.2 Age-Wise Risk of Breast Cancer.

Age Percentage

20–29 2.4

30–39 19.6

40–49 68.6

50–59 109.5

60–69 108.0

70–79 82.7

80–89 13.2

90–100 0.8

8.4 PROPOSED SYSTEM

The techniques recommended will help determine the difference between 
benign and malignant cancer more quickly. Despite being a sophisticated 
yet challenging classifier, CNN can automatically extract significant features 
without the need for preprocessing. It is more effective since it filters the 
crucial variables and is versatile enough to perform incredibly well with 
picture data.

The CNN algorithm, picture prior processing, and Feature Extraction are 
a few of the processes in the above process, which end with the detection 
of breast cancer. Figure 8.2 displays the main components that make up our 
application.
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FIGURE 8.2 System architecture.

8.4.1 DATA PREPROCESSING

The main objective of preprocessing is to enhance the picture quality so 
that it is prepared for subsequent processing by eliminating or minimizing 
additional and irrelevant background elements from the mammography 
images as shown in Figures 8.3a and 8.3b. Medical pictures including 
examinations can be challenging to understand. Filtering techniques have 
been used to enhance image quality, reduce noise, and keep an image’s 
edges.9 Preprocessing is therefore necessary to raise the quality of input 
image. The mammography will be ready for the following two processes, 
that is, segmentation and extraction of characteristics.

8.4.1.1 BACKGROUND ERASURE

The illustration was first binarized with a threshold of 0.1, and the associated 
parts were subsequently put together in decreasing order to extract the biggest 
blob, which is the female breast profile but is made up of parietal muscle.
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 (a) (b)

FIGURE 8.3 Image preprocessing: (a) is an original mammogram and (b) is an image after 
median filtering.

8.4.1.2 PECTORAL MUSCLE SUPPRESSION

The next phase involved the use of a modified region-growing approach to 
shrink the pectoral muscle. An approach for segmenting imagery is referred 
to as “seeded region growth.” It acts in two ways: first, by choosing a pixel’s 
locational value, and second, by determining a seed point. The seed point can 
be either individually or adaptively chosen.

8.4.2 EXTRACTING FEATURES

The most accurate method for recognizing breast cancer is through computer-
aided extraction of characteristics from mammography pictures. Geometric, 
Texture, and Gradient features make up each of the three basic types of a feature.

8.4.2.1 GEOGRAPHICAL FEATURES

The geometric parameters of the range of interest (ROI) have been defined 
by geometric features. It is shown as a group of pixels in a picture.

8.4.2.2 TEXTURE DETAILS

The term “texture” can be extremely confusing yet frequently used to refer to 
how a (woven) cloth feels or looks to the human eye. Everyone has a unique 
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understanding of what texture is and how it works. Although there is no official 
definition of texture, this description intuitively offers measurements of qualities 
like smoothness, coarseness, and regularity. Texture characteristics are an effort 
to describe the differences in grayscale between neighboring pixels in the image.

8.4.2.3 GRADIENT FEATURES

The local image values serve as the basis for the gradient image. A greater 
value in the gradient image would correlate to an edge in the original image. 
CNN is a potent computational image processing approach. The components 
that appear in a picture are identified using this approach.

8.4.2.4 CLASSIFICATION BY USING CNN ALGORITHM

Classification using a CNN (Convolutional Neural Network) algorithm in 
breast cancer involves developing a neural network model to acquire knowl-
edge automatically and classify breast cancer images or features. CNNs 
are powerful deep learning models that excel at image classification tasks, 
making them well suited for analyzing breast cancer data.

Here is a step-by-step process for classifying breast cancer using a CNN 
algorithm:

• Dataset Preparation: Gather a dataset of breast cancer images, which 
should be labeled with their corresponding class or category (e.g., 
malignant, or benign). Ensure that the dataset is diverse, representa-
tive, and properly annotated.

• Data preprocessing: Make sure the breast cancer photos are in a format 
that will work for the CNN model during training. To improve the 
dataset size and variability, this may entail scaling the photographs, 
standardizing the pixel values, and enhancing the data by applying 
transformations like rotation, flipping, or zooming.

• Model Architecture Design: Create the CNN model’s architecture. To 
extract hierarchical information from the images, a stack of convo-
lutional layers is often followed by pooling layers. After that, a layer 
or layers with full connections are added for classification. VGGNet, 
ResNet, or InceptionNet are a few common CNN architectures that 
are employed in the categorization of breast cancer.

• Divide the dataset into training and validation sets for the model. Input 
the training data into the CNN model, and then use backpropagation 
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and optimization algorithms (such as stochastic gradient descent) to 
iteratively update the model’s weights. Keep track of how the model 
performs on the validation set and make any necessary adjustments to 
the hyper parameters (such as learning rate and batch size) to increase 
the model’s precision.

• Analyze the trained CNN model using a different testing dataset that 
was not utilized during training after the training is over. Examine 
parameters like accuracy, precision, recall, and F1-score to judge how 
well the model categorizes breast cancer.

• Fine-tuning and Optimization: To further enhance the model’s accu-
racy and generalization skills, fine-tuning it by changing the hyper 
parameters, altering the architecture, or adopting strategies like regu-
larization or dropout.

• Use the trained CNN model to categorize fresh, unused breast cancer 
photos or samples in a real-world setting. Keep an eye on the model’s 
performance and collect input to iteratively enhance it as needed.

It is worth noting that training a CNN model for breast cancer classifica-
tion typically requires a significant amount of labeled data, computational 
resources, and expertise in deep learning. Collaborating with medical profes-
sionals and experts in the field can help ensure accurate interpretation and 
clinical relevance of the model’s predictions.

8.5 RESULTS

By observing today’s system which provides results in good manner but still 
there is some drawback, to improve today’s system by adding some new 
features in an efficient way, and make our system more user friendly, we 
have implemented our system with CNN algorithm by following the stages 
below:

CNN implementation steps:

• Step 1: Convolution Operation (Filter image).
• Step 1(b): ReLU Layer.
• Step 2: Pooling (used max pooling function).
• Step 3: Flattening (Convert Matrix into 1D Array).
• Step 4: Full Connection.
• Step 4(b): Dense ().
• Step 4(c): Optimizer ().
• Step 4(d): Compile ().
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FIGURE 8.4 Input image.

FIGURE 8.5 Detection of breast cancer.

8.6 ADVANTAGES

• Early identification of breast cancer can significantly increase the 
prognosis and survival prospects by encouraging patients to receive 
therapeutic therapy as soon as feasible.
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• Early identification of breast cancer is crucial because it frequently 
means the patient will have access to treatments that are far less 
aggressive yet retaining remarkably effective outcomes.

• Early Detection: Risk detection methods, such as mammograms, 
genetic testing, and clinical evaluations, can help identify breast 
cancer risk factors at an early stage. This allows for timely interven-
tion and treatment, potentially improving outcomes and survival rates.

• Personalized Risk Assessment: These methods can provide individu-
alized risk assessments based on factors like family history, genetic 
predisposition, and lifestyle choices. This personalized information 
can help both individuals and healthcare professionals make educated 
decisions regarding screening, prevention strategies, and treatment 
plans.

• Improved Survival Rates: Detecting breast cancer risks early can 
lead to more successful treatment outcomes. Identifying high-risk 
individuals may prompt more frequent screenings, monitoring, and 
preventive measures, potentially reducing the mortality rate associ-
ated with breast cancer.

• Psychological Empowerment: Knowing one’s breast cancer risk 
status can empower individuals to take proactive steps toward risk 
reduction and early detection. It allows them to engage in lifestyle 
modifications, regular screenings, and informed decision-making 
about potential preventive measures, fostering a sense of control over 
their health.

8.7 LIMITATIONS

• Most of the study subjects have benign tissues, which is a problem for 
mammography analysis. For the creation of a model that distinguishes 
malignancy, this supported an unbalanced data structure.9

• Because of a lack of experience or due to technical difficulties, radi-
ologists may choose to disregard some lesions. Due to incomplete 
mammography data or to avoid potential legal issues in the event of a 
false positive diagnosis, the examinees may occasionally be put into 
a category for further recall for further examination. These circum-
stances might prevent an early intervention.9

• Despite the enormous advancements in breast cancer detection 
technologies, there are still some restrictions and difficulties that 
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researchers and practitioners must overcome. Here are a few typical 
restrictions related to breast cancer detection: Positive and negative 
false results: Methods for finding breast cancer, such mammography, 
or biopsies, may result in false positives or false negatives, any of 
which could overlook the existence of cancer. These mistakes may 
cause patients to worry needlessly or postpone diagnoses.

• Sensitivity to Breast Density: Mammography, the most commonly 
used screening tool, may be less sensitive in women with dense breast 
tissue. Dense breasts can mask CANVER, making them more diffi-
cult to detect. Additional screening techniques or alternative imaging 
methods may be required for women with dense breasts.

• When more testing is necessary, there may be waiting and worry periods.
• There may also be instances of over diagnosis.
• False Positives and Overdiagnosis: Some risk detection methods, 

like mammograms, can produce false-positive results, leading to 
unnecessary anxiety, additional testing, and even invasive procedures. 
Overdiagnosis is another concern, where a cancerous condition that 
may not have caused harm during a person’s lifetime is identified, 
leading to overtreatment.

• False Negatives: Risk detection methods may also produce false-
negative results, providing a false sense of security. This can lead to 
delayed diagnosis and treatment, potentially compromising outcomes.

• Cost and Accessibility: Certain risk detection methods, such as genetic 
testing or advanced imaging techniques, can be expensive. Not all 
individuals have access to these tests due to financial constraints, 
limited healthcare resources, or geographical factors, resulting in 
disparities in risk detection and management.

• Psychological Burden: Learning about one’s increased risk of breast 
cancer can cause significant emotional distress, anxiety, and fear. This 
psychological burden may impact the quality of life and well-being of 
individuals, requiring additional support and counseling.

• Ethical and Privacy Concerns: Genetic testing for breast cancer risk 
may reveal information about an individual’s genetic makeup and 
potential risks for other health conditions. This raises ethical dilemmas 
regarding privacy, discrimination, and the potential for psychological 
harm resulting from the disclosure of sensitive information.

• It is crucial to remember that the benefits and drawbacks listed above 
are broad considerations. The specific benefits and drawbacks of breast 
cancer risk detection may vary based on individual circumstances, 
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such as age, family history, and overall health. It is recommended to 
consult with healthcare professionals to determine the most appropriate 
screening strategies based on individual risk factors.

8.8 APPLICATIONS

• Three-dimensional mammography, sometimes referred to as breast 
tomosynthesis, is one technical advancement.

• The development of imaging technology has enabled progress in 
early detection and screening.

• One technological advancement is 3-D mammography, also called 
breast tomosynthesis.

• Early detection: Breast cancer risk detection methods such as mammog-
raphy, clinical breast examination, and breast self-examination play an 
important role in the detection of early breast cancer. Early detection 
allows for timely intervention, increases the likelihood of successful 
treatment, and improves overall prognosis.

• Personalized Screening Guidelines: Breast cancer risk assessment 
tools, such as the Gail model or the Tyrer-Cuzick model, help estimate 
an individual’s risk of developing breast cancer. These risk assess-
ment models consider factors such as age, family history, reproductive 
history, and genetic predisposition. The results can guide healthcare 
providers in recommending personalized screening guidelines, 
including the frequency and type of screenings.

• Genetic Testing: Genetic tests, such as the BRCA1 and BRCA2 
genetic tests, can identify specific genetic mutations associated with an 
increased risk of breast cancer. Individuals who carry these mutations 
can take proactive measures to manage their risk, such as increased 
surveillance or preventive surgeries like prophylactic mastectomy or 
oophorectomy.

• Prevention and Risk Reduction: Breast cancer risk detection helps 
identify high-risk individuals who may benefit from risk reduction 
strategies. For example, people with a strong family history of breast 
cancer or certain genetic mutations may be advised to undergo risk-
reducing interventions such as chemoprevention (use of drugs to 
reduce risk) and lifestyle changes (e.g., maintaining a healthy weight, 
exercising regularly, and limiting alcohol consumption).

• Counseling and Education: Breast cancer risk detection provides 
an opportunity for healthcare professionals to offer counseling and 
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education to individuals at risk. This includes discussing the signifi-
cance of risk factors, explaining the screening process, addressing 
concerns and anxieties, and providing information on available 
support services and resources.

• Research and Development: Breast cancer risk detection plays a 
vital role in research and development efforts aimed at improving 
screening techniques, risk assessment models, and treatment options. 
By studying risk factors and their impact on breast cancer develop-
ment, researchers can identify new biomarkers, refine risk prediction 
models, and develop more targeted and personalized approaches to 
breast cancer prevention and treatment.

Overall, breast cancer risk detection has far-reaching applications in early 
detection, personalized screening, risk reduction, counseling, and research. 
It empowers individuals and healthcare professionals to take proactive steps 
in managing breast cancer risk and improving patient outcomes.

8.9 RISK FACTOR

• Cancer in the family history of the breast.
• Alcohol, animal fat, and cigarette use are all bad habits.
• Obesity and previous experiences with body cancer.

8.10 SYMPTOMS AND PREVENTION

8.10.1 SYMPTOMS

The following are the symptoms of breast cancer, and some real signs are 
shown in Figure 8.6.

• Breast or armpit lump that has recently appeared.
• Swelling or thickening of the breast region.
• Skin inflammation or dimples on the breasts.
• Flaking skin or redness in the breasts or around the nipple.
• Pulling in the nipple area or soreness there.
• Besides breast milk, other nipple discharges include blood.
• A change in breast size or shape.
• Pain can occur in any area of the chest.
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FIGURE 8.6 Real sign.

8.10.2 PREVENTION

• Get regular exercise.
• Limit using hormone replacement therapy.
• Keep your weight under control.
• Eat well-balanced meals.
• Keep an eye out for any changes to your breasts.
• Limit your exposure to pollutants.
• Avoid using tobacco products.
• Get a mammogram.

8.11 CONCLUSIONS

A reliable technique for detecting breast cancer is created in this study to help 
pathologists to do their jobs. The suggested approach automatically separates 
the image’s regions into cancerous and noncancerous areas. If picture quality 
is kept constant throughout laboratories and difficulties with intra- and inter-
observation variability among specialists are reduced, accuracy can still be 
raised.

It has been found that using deep learning and convolutional neural 
networks to classify breast cancer picture data produces superior outcomes 
for the linear breast data that is taken from the photos. For the most part, 
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CNN uses the image dataset. The previous study likewise concluded that 
CNN performs better than machine learning methods.
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 • MRI image
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 • edge detection
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CHAPTER 9

ABSTRACT

Continuous demand for high-performance embedded systems driving the 
system on chip (SoC) market in an uphill trend. High performance requires 
more processing power and capacity. To achieve more processing power from 
a single chip, SoC designers are putting more processing elements (PE) onto a 
single silicon substrate. Putting a greater number of PEs on a single substrate 
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requires very high-speed bus and deadlock-free scheduling which are getting 
more and more complicated day by day. To address this situation, network 
on chip architecture is adopted in recent years. Network on chip (NoC) in 
contrast with SoC utilizes an on-chip interconnection network. On-chip 
interconnection networks facilitate the connection of a greater number of 
PEs. The on-chip network routing facilitates deadlock-free scheduling 
and parallel processing. One of the important aspects of NoC is optimal 
mapping. Optimally mapping the participating cores means low bandwidth 
requirement, low latency, and hence greater throughput. Optimization of 
communication bandwidth cost for on-chip networks or bandwidth cost 
optimization for network on chip is the prime factor for consideration. Soft 
computing plays a significant role in the design of network on chip (NoC) 
architectures. NoC is an on-chip communication infrastructure that provides 
efficient and scalable communication between various components in a 
system-on-chip (SoC) design. Soft computing techniques, which include 
fuzzy logic, neural networks, and evolutionary algorithms, can be employed 
to enhance different aspects of NoC architecture design.

In view of this, this review is presented to discuss the advantages of NoC 
over SoC technology, recent issues in NoC, types of graphs, mapping of 
NoC through numerous evolutionary algorithms, NoC design process, and 
NoC platform. An attempt has been made to comprehensively discuss every 
aspect of NoC regarding various optimization techniques for the process of 
mapping. Finally, a genetic algorithm is proposed here for the optimization 
of NoC performance by employing butterfly fat tree topology.

9.1 INTRODUCTION

A system is said to be efficient if all its subsystems work efficiently. Modern 
microprocessors and multicore chips are getting more complicated every 
day. An increase in complications directly affects communication between 
cores. Inefficient communication between cores results in an inefficient 
subsystem, which leads to an inefficient system. To increase the efficiency 
of multicore chips system on chip (SoC) concept was introduced. Due to 
bus-based architecture, SoC suffers scalability. Network on chip (NoC) is a 
concept that addresses the shortcomings of SoC.

System on Chip: System on chip (SoC) is a specific purpose subsystem 
in an embedded system or a larger system. A typical SoC may contain:

• A microcontroller, microprocessor, DSP core(s)
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• Some SoC may have more than one processing element; they are called 
MP SoC

• Some memory blocks including ROM, RAM, EPROM, and Flash 
memory

• Clock generators or PLL
• Peripherals like power-on reset, real-time timers, counters etc.
• External interfaces like USB, I2C, SPI, USART etc.
• Analog interfaces ADCs and DACs
• Power conditioners and regulators.

Network on Chip: Network on chip (NoC) is the recent trend in the 
industry. This technique utilizes the concept of the network instead of the 
bus for communication between different cores of the subsystem. NoC is an 
on-chip communication infrastructure that interconnects different intellectual 
properties (IP)s of the subsystem. Interconnection topologies used in NoC 
are industry-standard high-performance computing (HPC) interconnection 
topologies. Interconnection networks overcome the problem of scalability. 
But nonoptimal positioning of nodes in a network degrades the overall 
performance. Optimal positioning depends on the communication pattern of 
nodes. Highly communicating nodes should be placed as neighbors for better 
performance.

The entire article has been categorized into the following sections. Section 
9.2 highlights the research gap in NoC design. In Section 9.3, various types 
of graphs are discussed in detail. Section 9.4 throws light on the process 
of mapping. In Section 9.5, a detailed study concerning the NoC platform 
basics, NoC design process, and various optimization techniques for NoC 
mapping has been projected. The conclusion from the entire review of litera-
ture is presented in Section 9.6.

9.2 RESEARCH ISSUES IN NOC DESIGN

NoC is a recent trend. Several groups from industries to educational institu-
tions are conducting research in different dimensions. These dimensions can 
be classified into the following categories.

9.2.1 COMMUNICATION INFRASTRUCTURE

It has already been stated NoC is an on-chip interconnection network. Hence it 
should have a communication infrastructure. This includes network topology, 
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router architecture, buffer optimization, link design, clocking, floor planning, 
and layout.

9.2.2 COMMUNICATION PARADIGM

NoC infrastructure is a packet switch network. Hence, methods for routing 
policies, switching techniques, congestion control, power and thermal 
management, fault tolerance, and reliability should be defined.

9.2.3 EVALUATION FRAMEWORK

A properly designed NoC should have minimum latency, energy/power 
consumption, and bandwidth of the network. For the validation and simula-
tion of an NoC evaluation framework plays an important role.

9.2.4 APPLICATION MAPPING

Application mapping is the fourth important aspect in the NoC design 
process. Application mapping means placing different interacting tasks 
(nodes) in suitable positions, such that overall performance is best. Applica-
tion mapping influences the overall performance of the NoC. There exists 
a lot of work on all aspects of NoC design except for application mapping. 
Hence application mapping has scope for more work.

9.3 GRAPHS

9.3.1 TASK GRAPH

A task graph is a fully connected directed graph. Each node in the task graph 
is a single unique task that needs to be performed for the successful run 
of the whole application. Task graph G(V,E) is a directed graph where V 
represents the set of all nodes present in the graph and E represents the set of 
all edges. Each edge in the task graph represents a communication between 
the cores connected by that edge. And the weight of the edge represents 
the communication bandwidth requirement between nodes connected by the 
edge.1 It is mathematically represented as G(V,E) ∀ v_i∈V ∃ e_i,j∈E ∀ i≠j. 
Figure 9.1 shows various types of task graphs.
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9.3.2 TOPOLOGY GRAPH

Topology represents a scheme for interconnection. A topology graph 
is a graph that represents a topology using graph theory terminology. A 
topology graph is a fully connected graph representing target topology 
and architecture. Every node in the topology graph represents a router. 
Depending on the architecture and topology chosen routers can be the same 
or different. In 2Dmesh topology, all routers are the same. A topology graph 
is represented by T (U,F)∀ ui∈U and f i,j∈F ∀ i≠ j where U is the set of all 
vertices in the graph and F is the set of all edges in the topology graph. f i,j 
is termed bandwidth bwi,j which is the bandwidth needed between nodes 
u_i and u_j.1

FIGURE 9.1 The exemplary task graphs2 which are implemented previously.
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9.4 MAPPING

Performance topology is such that every node in the task graph is mapped to 
a unique node in the topology graph.

A mapping between (V, E) and T (U, F) is defined as map(vi) = u
j
 ∀ v

i
 ∈ 

V, ∃ u
j
 ∈ U and |V

 
| ≤ |U

 
|. In other words, a map of a core vi to router ui is 

possible when the number of cores is less than or equal to the number of routers 
2Dmesh or number of leaf connectors in a tree-based topology graph. The 
quality of mapping is defined by the total communication cost of the NoC. The 
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Constraint or Objective: Mapping of task graph G to topology graph 
T should be such that the total bandwidth consumption of all the cores is at 
minimum. This implies that highly communicating cores should be placed 
nearer to each other.

Mathematically,
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=∑  should be minimum (9.2)

where distance (u
i
,u

j
) is the function that returns the distance between source 

and sink routers. The unit of distance is hops for mesh and related architec-
ture and cycle count for tree-based architecture.

9.5 NoC MAPPING

The literature survey focuses on different mapping techniques. More 
attention is given to transformative heuristics such as Ant colony-based 
optimization (ACO), particle swarm optimization (PSO), and GA-based 
optimization. Any work related to the mapping of NoC cores cannot be 
complete without mentioning “Bandwidth Constrained Mapping of Cores 
onto NoC Architectures” by Srinivasan Murali, Giovanni De Micheli.1 
This research paper introduced NMAP, a constructive heuristic with an 
iterative improvement algorithm. NMAP is considered a de-facto standard 
by industries. This paper also proposed a 2DMesh topology for NoC. The 
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NMAP1 algorithm starts mapping with the most demanding core to the freest 
neighbors router in the mesh. After mapping is complete, it optimizes the 
placement by trying to switch cores. In the end, an optimal map is produced. 
A modification to address multipath routing is also provided in the same 
paper. This research work is mostly based on the paper, “A survey on appli-
cation mapping strategies for Network on Chip design” by P.K Sahu and 
S. Chattopadhyay, published in Journal of Systems Architecture, Elsevier, 
volume 59 page (6076).2 Figure 9.2 shows a 2Dmesh internal that shows 
routers as the crossbar and connected to routers.

FIGURE 9.2 2D mesh router and NI details.

Source: Adapted from Ref. [3]

9.5.1 NoC PLATFORM BASICS

NoCs are packet-switched multi-hop networks. The packets are traveled 
from a source core to sink core travel by hopping through several routers. 
The connectivity and layout of the components are mostly determined by 
network topologies. Generally, three topologies are mostly used such as grid-
based topology or regular network topology, irregular or custom structure-
based topology, and tree-based topology. These topologies exploit different 
characteristics of the application’s traffic patterns such as locality of traffic.3 
Figure 9.2 shows a few details of 2Dmesh interconnection. The network 
interface (NI) part of the core takes care of communication intricacies.
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9.5.2 NOC DESIGN PROCESS

Network on chip (NoC) follows a systematic process from concept to manu-
facturing. The main objective of NoC design is the reuse of IP core.

9.5.3 MAPPING ALGORITHM

Mapping is the process of placing IP cores of a task graph to a topology 
graph. Both the task graph and topology graph are fully connected graphs. 
The mapping of cores to a topology of NoC is NP-hard.4 NP-hard problems 
cannot be solved in polynomial time. Hence, there is no polynomial-time 
algorithm to solve the mapping problem. Authors Carvalho et al.5 did an 
extensive study on mapping methods. The authors conclude that dynamic 
mapping is a partial view and static mapping assumes a full description of 
the task. There are two possibilities when a core mapping can be done.

9.5.3.1 DYNAMIC MAPPING

Multimedia, networks, or any streaming applications have different 
processing demands at different times. Until execution, it cannot be decided 
what the demand will be. This in turn implies that the tasks should be 
scheduled dynamically. If the cores are mapped at run time that is while the 
task is executed then it is called dynamic mapping. In the case of dynamic 
mapping, performance is evaluated and processors are assigned as per the 
demand by the mapping algorithm. Though this scheme is good it has serious 
computational overhead, the system has to keep track of all the cores, the 
total performance of the system, and mapping needs. The authors in ref. 
[5] suggest using greedy algorithms for dynamic mapping, to reduce the 
computation overhead.

9.5.3.2 STATIC MAPPING

This process assigns cores before the task is executed, that is at design time. 
It is done after the task and communication infrastructure are decided. Static 
mapping tries to place cores onto target topology in such a way that the 
communication cost is always minimum. The static mapping algorithm 
is run once at design time which removes the computation overhead at 
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execution time.6 Static mapping is only considered for this research work. 
Static mapping (Figure 9.2) can be categorized into 2 categories.2

9.5.3.2.1 Exact Mapping

Exact mapping considers mathematical programming. The most primitive 
and naïve approach would be testing all the n! possibilities (where n is the 
number of cores) and checking which is the best solution. A still better way 
is using ILP or MILP for this purpose.

9.5.3.2.2 Search-Based Mapping

Search-based algorithm employs the searching technique to search for an 
optimal solution in the search space while satisfying the constraints imposed.

Jingcao Hu and Radu Marculescu7 discussed such a method and 
claimed it to be better. It is claimed to achieve 60.4% more energy-efficient 
mapping for video and audio applications. Harmanani and Farah8 proposed 
a simulated annealing-based application mapping technique for 2Dmesh. 
The authors claim their technique minimizes blocking while increasing 
bandwidth throughput. Lu et al.9 proposed cluster-based simulated annealing 
for mapping onto 2Dmesh. As per the authors, clustering exploits locality, 
connectivity, and distance of the cores. Hence, cluster-aware simulated 
annealing can dynamically be applied within clusters. This in turn results 
in a good mapping of cores. Authors Orsila et al.10 expressed their method 
using simulated annealing saves 50% time with only 0.3% performance loss. 
The authors pointed out that cyclic graphs are harder than acyclic graphs. 
Transformative heuristics transform some random solution into a better 
solution. The most common examples are evolutionary techniques, such 
as Genetic Algorithm (GA),11 Particle Swarm Optimization (PSO),12 Ant 
Colony Optimization (ACO),13 Bee Colony,14 etc.

A. Genetic Algorithm

Ozcan Ozturk and Dilek Demirbas15 described an approach for heteroge-
neous NoC mapping using a Genetic Algorithm and compared it with the ILP 
result. The authors in their research work considered performance, energy, 
temperature, area, and communication bandwidth as a constraint. In their 
work the authors computed computation cost and communication cost, and 
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compared them with ILP results. As per the authors, this is the first work that 
explores the possibility of employing evolutionary computational techniques 
for optimally placing the heterogeneous nodes in an NoC.

P. Mesidis and L.S. Indrusiak3 discussed the use of genetic algorithm-
based mapping for hard real-time applications. In their work the authors 
considered “hard real-time applications running over multicore processors 
based on wormhole Networks on Chip (NoCs).”

B. Particle Swarm Optimization (PSO)

PSO belongs to a swarm intelligence-based algorithm. In the case of swarm 
intelligence, individual particles in the swarm communicate among themselves. 
In this process for every swarm, a local best and a global best are calculated. 
These pieces of information are transmitted to all particles. Particles use this 
information and align themselves according to the current best. At the end 
of every iteration, the best values are checked and updated accordingly.12 In 
contrast to GA swarm-based algorithms are superior as intelligence is built into 
every particle in the swarm. In the case of GA, the hypercube that ultimately 
provides the best solution moves in the search space. The governing factor for 
movement is the chance of getting a better solution in each step of crossover 
and mutation.11

PSO-based works are done in reference16 by Sahu et al. The authors 
proposed the PSMAP algorithm in this paper and compared the result with 
standard results. The authors showed, the result obtained is better than earlier 
results. In their work the authors used different numbers of participating 
particles in swarms. Their result shows after a certain population size of 
swarm no perceivable effect is observed. In reference17 the authors proposed 
a discrete PSO (DPSO)-based algorithm for MoT. A DPSO is running 
multiple PSO simultaneously with the deterministic generation of the initial 
population. In this paper, the authors have compared their results and other 
standard results available including ILP.

C. Ant Colony Optimization (ACO)

Ant Colony Optimization (ACO) is an emulation of biological ants’ behavior. 
In a particular sense, ants optimally search for their food. While ants search 
for food, they put pheromone (a chemical substance) on the trail. The strength 
of the pheromone signifies how viable the path to the food13 is. The same 
concept is adopted in the ACO algorithm. The artificially simulated ants put 
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a weight on the solution they found. When all the ants finished their search 
the best result is obtained.

ACO-based work was done by Wang et al.4 In their work the authors 
focused on 2Dmesh and XY routing. The authors also expressed mapping 
problem is NP-Hard, and such problems are better solved using heuristic 
methods. The authors show resulting mapping performs very good in 
comparison to the random mapping method.

D. Bee Colony

In a bee colony, worker bees go for searching of foods (Honey). When an 
individual bee finds a food source, it returns to the hive and starts dancing 
(wiggling and turning).14,18 This dancing pattern has encoded messages 
about the source of food in terms of its distance and viability. Then some 
other worker bees follow the instruction and go for verification. The most 
viable solution is judged when most of the worker bees perform the same 
dance.

L. Pan et al.19 used a chaotic enhanced bee colony method for multi-
objective application mapping. As per the authors mapping is NP complete. 
Heuristic algorithms can better approximate the solution. The constraints 
considered by the authors are power consumption and wire delay. The 
authors introduced chaos to prevent premature convergence of the algorithm. 
For chaos introduction to prevent premature convergence problem the 
authors used one-dimensional chaos mechanism. The authors conclude 
Enhanced Chaos Discrete Artificial Bee Colony performs better than PSO 
and GA-based methods in both run time and mapping result.

9.6 IMPLEMENTATION OF GENETIC ALGORITHM ON BUTTERFLY 
FAT TREE TOPOLOGY

BFT is a tree-based NoC topology. It is a recursive inter-connection network 
for NoC. Pande et al. 20 proposed this to be an alternative inter-connection 
network for NoC. This architecture is proposed to address shortcomings of 
SoC design. The authors in reference21 described and compared some other 
interconnection networks. It is found that under uniform traffic BFT provides 
a lower throughput. Localized traffic is restricted in a subtree; hence, other 
communications are not hampered. Sahu et al.22 have done extensive work 
on mapping onto BFT topology.
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FIGURE 9.3 Classification of mapping algorithms.2

9.6.1 BFT STRUCTURE

In a 16 core BFT, the circles represent cores, and the rectangles represent 
routers. It has three levels where the lowest level is the leaf router level. All 
the cores are connected to Leaf Routers. Each Leaf Router connects to 4 
cores in the child level and connects to 2 higher level routers.

In BFT each router has 2 types of connection, 4 child connections and 2 
parent connections.21 This proposes for N cores; there are N/4 leaf routers. 
In any level there are 1/2 the number of routers of level below. Hence, the 
total number of routers S in a BFT with N cores will be:
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If number of cores (N) is arbitrarily large then level is arbitrarily large. 
Applying the limits we get
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From the above, it is clear if the number of cores (N) is very large then 
the number of routers (S) comes close to N/2. Here some properties of the 
BFT interconnection network are presented. In the network, cores are placed 
at leaves and routers at vertices. For N number of cores (N = 2i where i = 
3,4,5,6…),
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Node degree: 6 for non-root, 4 for root routers.

9.6.2 SIMULATION RESULT

For any source core to destination core there exist multiple paths. If both the 
cores are connected to the same Leaf Router, then there are no issues. But 
if the source and destination routers are on different leaf routers, then the 
packet has to travel to least common ancestor (LCA) of both the leaf routers. 
From LCA there exists a unique path from source to destination router.
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In case of BFT the distance is calculated as number of cycles (cycle 
count). Cycle count represents number of cycles required to transport a 
message packet from source core to destination core. As per the router design 
every router takes 2 cycles to receive and transmit the packet. This means 
in the first cycle the router receives the data packet and in the next cycle it 
forwards to the next router. But if a router has only 2 connections, then it acts 
as a FIFO. This implies that the packet is received and forwarded in the same 
cycle. Hence for FIFO cycle count is 1.

By considering the environment setup (Intel core i3, 2.10 GHz, 8th 
generation, 2GB RAM, GNU C compiler), the distance function is modified 
according to the routing algorithm. For the determination of a path a helper 
function is developed to calculate LCA. Once LCA is determined then the 
number of routers from source to destination for shortest path can be deter-
mined and cycle count can be calculated. For optimization purpose cycle count 
is multiplied with bandwidth requirement between corresponding cores.

Our findings are presented in Table 9.1. And, it is compared with the result 
of PSMAP. It shows that our result is consistent with other published results. 
Only in the case of 263DecoderMp3decoder our result is higher (4.7%) than 
the published results. In the case of DVOPD our result is better than KLMAP 
and Simple PSO. A normalized cost graph is shown in Figure 9.4.

TABLE 9.1 Communication Cost Comparison for BFT.

Task graph Communication cost (Cycle x bandwidth) Normalized to our result

Our result KLMAP Simple PSO KLMAP Simple PSO

PIP 1536.0 1536.0 1536.0 1.0 1.0

MWD 3264.0 3264.0 3264.0 1.0 1.0

MPEG-4 10,144.0 10,144.0 10,144.0 1.0 1.0

MP3ENCDEC 41.712 41.782 41.782 1.0 1.0

263enc-mp3dec 561.876 561.876 561.876 1.0 1.0

263dec-mp3dec 44.180 42.180 42.180 0.955 0.955

VOPD 10,498.0 10,498.0 10,498.0 1.0 1.0

DVOPD 24,806.0 24,982.0 25,126.0 1.007 1.013

From Figure 9.5, it can be observed that the curve is some exponential 
function of number of cores. It is also found out the curve fits nicely to the 
function:

 
( )

  
c coresb eCPU Time a e
××= ×
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FIGURE 9.4 Normalized cost for BFT of our work with KLMAP and simple PSO.

TABLE 9.2 Number of Cores, Crossover Rate, Mutation Rate, and Result and CPU Time.

Task graph Number 

of cores

Population Crossover 

rate (Cr)

Mutation 

rate (Mr)

Result (cycle 

x bandwidth)
Time 

(second)

PIP 8 128 0.1 0.1 1536.0 0.288

MWD 12 128 0.1 0.4 3264.0 1.224

MPEG-4 12 128 0.1 0.5 10,144.0 1.459

263enc-mp3dec 12 128 0.7 0.3 561.876 1.373

MP3ENCDEC 13 128 0.1 0.1 41.782 1.518

263dec-mp3dec 14 128 0.1 0.1 44.180 2.073

VOPD 16 128 0.1 0.2 10,498.0 3.168

DVOPD 32 128 0.8 0.5 24,806.0 69.932

G1 32 128 0.1 0.7 61,528.267 537.478

G2 128 128 0.1 0.3 98,5922.125 3230.297

9.7 CONCLUSION

This review article focusses majorly on the NoC technology and the appli-
cation of evolutionary techniques in NoC mapping. The issues related to 
SoC technology and the merits of NoC over it have been discussed clearly. 
Further, the recent problems associated with NoC have been projected. 
Different types of graphs have been also elaborated that is required for the 
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mapping process of NoC. The article also throws light on NoC design process 
and NoC platform. Importance of mapping process and the mapping of NoC 
through numerous evolutionary algorithms has been broadly highlighted. 
An attempt has been made to comprehensively discuss every aspect of NoC 
regarding various optimization techniques for the process of mapping. At 
last, BFT topology is implemented for mapping onto NoC with our mapping, 
and it is found that our method is produceing a comparable result with the 
previous result.

FIGURE 9.5 Relation of CPU time with number of cores.

KEYWORDS

 • network on chip (NoC)

 • system on chip (SoC)

 • mapping

 • optimization

 • processing elements (PE)

 • scheduling

 • butterfly fat tree



A Comprehensive Study on Graphs, Design Process 155

REFERENCES

1. Murali, S.; Micheli, G. De. In Bandwidth-Constrained Mapping of Cores Onto NoC 

Architectures, Proceedings of the Conference on Design, Automation and Test in Europe, 
2004, 2, Washington, DC, USA, pp. 20896–20902.

2. Sahu, P. K.; Chattopadhyay, S. A Survey on Application Mapping Strategies for Network-
on-Chip Design. J. Syst. Archit. 2013, 59, 60–76.

3. Mesidis, P.; Indrusiak, L. S. In Genetic Mapping of Hard Real-time Applications onto NoC 

Based MP SoCs; A First Approach, 2011 6th International Workshop on Reconfigurable 
Communication-centric Systems-on-Chip (ReCoSoC), 2011, pp. 1–6.

4. Amin, W.; Hussain, F.; Anjum, S. iHPSA: An Improved Bio-inspired Hybrid Optimization 
Algorithm for Task Mapping in Network on Chip. Microprocess. Microsyst. 2022, 90, 
104493.

5. Carvalho, E.; Marcon, C.; Calazans, N.; Moraes, F. In Evaluation of Static and Dynamic 

Task Mapping Algorithms in NoC-based MPSoCs, International Symposium on System-
on-Chip, 2009, pp. 087–090.

6. Kadri, N.; Koudil, M. Multi-objective Biogeography-based Optimization and 
Reinforcement Learning Hybridization for Network-on Chip Reliability Improvement. 
J. Parallel Distr. Com. 2022, 161, 20–36.

7. Hu, J.; Marculescu, R. In Energy-aware Mapping for Tile-based NoC Architectures 

Under Performance Constraints, Proceedings of the Asia and South Pacific Design 
Automation Conference, New York, NY, USA, 2003, pp. 233–239.

8. Harmanani, H. M.; Farah, R. In A method for Efficient Mapping and Reliable Routing 

for NoC Architectures with Minimum Bandwidth and Area, 2008 Joint 6th International 
IEEE Northeast Workshop on Circuits and Systems and TAISA Conference, NEWCAS-
TAISA, 2008, pp. 29–32.

9. Lu, Z.; Xia, L.; Jantsch, A. In Cluster-based Simulated Annealing for Mapping Cores 

Onto 2D Mesh Networks on Chip, Proceedings of the 2008 11th IEEE Workshop on 
Design and Diagnostics of Electronic Circuits and Systems, Washington, DC, USA, 
2008, pp. 1–6.

10. Orsila, H.; Salminen, E.; Hamalainen, T. D. In Parameterizing Simulated Annealing for 

distributing Kahn Process Networks on Multiprocessor SoCs, International Symposium 
on System-on-Chip SOC, 2009, pp. 019–026.

11. Ozturk, O.; Demirbas, D. Heterogeneous Network-on-chip Design Through Evolutionary 
Computing. Int. J. Electron., 2010, 97, 1139–1161.

12. Pascal, M.; Onwuchekwa, D.; Obermaisser, R. Adaptive Scheduling for Time-Triggered 
Network-on-Chip-Based Multi-Core Architecture Using Genetic Algorithm. Electronics 
2021, 49.

13. Raman, S.; krishnan, G.; Pati, D. Energy Consumption and Performance Comparison of 
DE Optimization and PSO-based IP-Core Mapping Technique for 2D and 3D Network-
on-Chip. Semiconduct. Sci. Technol. 2021, 36, 085015.

14. Fang, J.; Tingwen Y.; Zelin, W. Improved ant Colony Algorithm Based on Task Scale in 
Network on Chip (NoC) Mapping. Electronics 2019, 9.

15. Amin, W.; et al. Performance Evaluation of Application Mapping Approaches for 
Network-on-chip Designs. IEEE Access 2020, 8, 63607–63631.

16. Sahu, P. K.; Venkatesh, P.; Gollapalli, S.; Chattopadhyay, S. Application Mapping onto 
Mesh Structured Network-on-Chip Using Particle Swarm Optimization. 2011, 335–336.



156 Applied Soft Computing Techniques

17. Sahu, P. K.; Sharma, A.; Chattopadhyay, S. In Application Mapping Onto Mesh-of-Tree 

Based Network-on-Chip Using Discrete Particle Swarm Optimization. 2012 International 
Symposium on Electronic System Design (ISED), 2012, pp. 172–176.

18. Teodorović, D.; et al. Bee Colony Optimization and its Applications. Handbook of 

AI-based Metaheuristics; 2021, pp 301–322.
19. Pan, L.; Li, Z.; Ling, X. NoC Multi-Objects Mapping Based On Enhanced Chaos Discrete 

Artificial Bee Colony Algorithm. Int. J. Future Comput. Commun. 2012, 116–120.
20. Pande, P. P.; Grecu, C.; Ivanov, A.; Saleh, R. In Design of a Switch for Network on Chip 

Applications, Proceedings of the 2003 International Symposium on Circuits and Systems, 
2003. ISCAS ’03 vol. 5, pp. V–217–V–220.

21. Pande, P. P.; Grecu, C.; Jones, M.; Ivanov, A.; Saleh, R. Performance Evaluation and 
Design Trade-offs for Network-on-chip Interconnect Architectures. IEEE Trans. Comput. 
2005, 54, 1025–1040.

22. Sahu, P. K.; Shah, N.; Manna, K.; Chattopadhyay, S. An Application Mapping Technique 
for Butterfly-Fat-Tree Network-on-Chip. 2011, 383–386.



Applied Soft Computing Techniques: Theoretical Principles and Practical Applications. Samarjeet Borah, 
Ratna Raja Kumar Jambi, Sharifah Sakinah Syed Ahmed, & Mahendra Prabhakar Deore (Eds.)
© 2025 Apple Academic Press, Inc. Co-published with CRC Press (Taylor & Francis)

INTEGRATING IOT DEVICES TO 
RENEWABLE ENERGY SYSTEMS FOR 
INCREASING ENERGY EFFICIENCY

V. ULAGAMUTHALVI1, and G. KULANTHAIVEL2

1Sathyabama University, Chennai, Tamil Nadu, India

2NITTTR, Chennai, Tamil Nadu, India

CHAPTER 10

ABSTRACT

The main objective of this paper is to increase the energy efficiency of 
Internet of Things (IoT) devices incorporated into smart environment 
applications like smart buildings, smart grids, smart cities, etc. In this paper, 
one of the famous and cost effective renewable energy sources (RESs), such 
as solar photovoltaic (PV), which generates a sufficient amount of energy 
from the sunlight, is used. The term sufficient determines whether the 
energy supply fulfills the demand. The particle swarm optimization (PSO) 
algorithm optimizes the power demand and supply. The optimal power 
generation is used to increase energy efficiency in the IoT-based renewable 
energy framework (IoT-REF), which is implemented in this paper. Many 
advanced IoT devices in the framework will get the energy directly from 
the power grid, the battery charged by the solar PV, and indirectly from the 
solar PV. All the IoT devices interlinked with the smart environment need 
energy to perform their functionalities. The proposed IoT-REF is simulated 
in MATLAB software, and the performance is verified and evaluated by 
comparing its result with the earlier approaches.
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10.1 INTRODUCTION

Renewable energy is energy that does not exhaust after use, such as solar 
or wind power. It is the energy acquired from processes or sources which 
are continuously replenished. Different forms of renewable energies are 
obtained directly or indirectly from wind, Sun, or heat produced deep within 
the Earth. Renewable sources have dual advantages such as clean energy 
and green energy. At times there is some minor difference between these 
two types. In solar energy, sunlight is one of our earth’s most accessible 
and available energy resources. The total amount of energy that reaches the 
Earth’s surface per hour is more than the Earth’s energy requirements for 
a year. Though a good energy source, it will vary with time. It does not 
create pollution like other forms of energy and is fast-growing worldwide 
and making tremendous contributions to producing electricity. Turbines are 
used for power generation. There are many forms of systems used to convert 
wind energy to electricity. Figure 10.1 shows the implementation process of 
renewable energy sources (RESs) in smart buildings.

FIGURE 10.1 RES implementation model for smart buildings.
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The processes that depend on nonrenewable energy are mining, using 
lots of machinery, pipelines, and transport. However, renewable energy 
dispenses the energy as mentioned earlier activities. Most fossil fuels are 
complex in substance and also expensive to process. Renewable energy is 
more sustainable and does not deplete. Hence, fewer carbon emissions do 
not emit greenhouse gases or create pollution using renewable energies. 
Compared to renewable energies, coal power plants produce around 2.2 
pounds of CO

2
 per kilowatt-hour of electricity.

In contrast, renewable energies such as solar panels and windmills create 
none. Our world is fast decarbonizing the environment and moving to energy 
sources that do not cause pollution. Burning fossil fuels to produce electricity 
is more harmful than warming the climate. It contaminates the air and water, 
and it affects humans. For example, coal power stations emit high CO

2
 and 

N
2
O (two leading greenhouse gases) directly entering the atmosphere. In 

addition, it also emits lead, sulfur dioxide, mercury, and dangerous metals 
that cause health problems such as breathing difficulties to death. However, 
renewable sources do not create pollution or contamination risks in the air 
and water. Renewable energy helps maintain clean air free from pollution 
experienced by the world in recent times. Over the last decade, the growth 
of renewable sources such as wind and solar power was the cheapest natural 
source in various parts of the world. The United Arab Emirates (UAE)—
known for its arid and plain land and sunny climate—could produce 
electricity at a meager cost.

Once used, nonrenewable energy cannot be regenerated. Nonrenewable 
energies are majorly fossil fuels produced globally, as they are affordable. 
Generally, nonrenewable energies are created by organic materials 
compressed and heated for a long time and turned into natural gas and 
crude oil. One of the natural gases used in real-time heating and lighting 
applications is methane gas. It needs some organic chemical products 
to generate, but it’s costly. Hydrocarbons are colorless and highly 
flammable, primarily consisting of ethane and methane. Fossil fuel is used 
for generating electricity, cooking, and heating and as a fuel for vehicles. 
Coal is a deposit of sediment that consists predominantly of readily 
combustible carbon. It is heated to make steam, piped at a higher pressure 
in the turbine, rotating and producing electricity. It is burned to heat the 
water to generate electricity by oil to convert into steam. Oil is burned 
under high pressure to create hot exhaust gases that rotate a turbine to 
produce electricity.
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10.1.1 REASON FOR RENEWABLE ENERGY SYSTEM

Time consumption is a primary drawback of nonrenewable energy. Searching 
for oil, mining coal, installing and building oil rigs and drills, and trans-
porting natural gases through pipes take a lot of time and physical work. As 
nonrenewable sources take billions of years to form, they gradually deplete 
from the face of the Earth. Fossil fuels are hazardous and emit gases such 
as carbon monoxide that cause respiratory problems in humans. Resources 
such as coal, natural gas, and oil emit heavy amounts of carbon dioxide while 
burning. It is costly and consumes a lot of space. A considerable fuel reserve 
must be maintained to run power stations without interruption.

An IoT network can be described as a group of interconnected devices 
that communicate with other devices without human intervention, such as 
cars, smart devices, and wearables. The source of renewable energies with 
advanced sensing and communication technologies resulted in sustainable 
processes in modern energy systems. Integrating actuators and sensors 
enables the system’s connection and energy-related data exchange between 
resources, computer systems, and end-users in a network.1 IoT devices’ 
main aim is to simplify the process in various fields and improve efficiency. 
Sustainability is a major issue due to overpopulation, but the development 
of IoT technologies gradually increases sustainability.2 Efficiency is a major 
issue in utilizing renewable energy. This is true for methods that rely on solar 
and wind energy resources.

Implementation of IoT devices helps to improve efficiency in electricity 
production. With the help of automated controls, the energy obtained from 
renewable sources can be utilized efficiently to the optimum. An IoT device 
helps identify where power can be optimally generated. The equipment can 
be adjusted according to the weather conditions to obtain the maximum 
output. One of the main benefits of IoT devices is they generate data in 
real time, which helps to reduce wastage, if any. It is used to monitor wind 
turbines’ effect that results in turbines’ inefficient working. With the help of 
IoT sensors, we can change the direction of wind turbines. Likewise, solar 
panels can also be altered to get maximum efficiency. These changes are 
done either manually or automatically to enhance electricity production. The 
power plants can also use this IoT device and produce maximum output. 
Some benefits of IoT devices in renewable energies are automation, cost-
efficiency, grid management, residential systems, and distributed systems. 
To get the maximum benefits of renewable energy, governments, and other 
organizations have now shifted to using IoT devices and sensor systems 
from the conventional methods of power generation.
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10.2 LITERATURE REVIEW

In this paper, the author has aimed to understand the various issues and 
challenges in obtaining energy efficiency in IoT-based sustainable environ-
ment. For that, a detailed literature survey is carried out on earlier research 
methodologies focused on enhancing energy efficiency using RESs. For 
example, E.Oró et al. have reviewed renewable energy systems used for 
energy efficiency.3 The renewable energy system avoids carbon dioxide 
emissions and increases energy efficiency in the data center. The author’s 
main aim is to find suitable renewable energy resources and provide a better 
design than the existing ones.

Tarhan4 presented a detailed review of renewable energy systems and 
their impact on the economy, society, and society. The results show that the 
existing implementation provided a successful output using renewable energy, 
which eliminates the problems in energy production and related financial 
struggles. Abdmouleh et al.5 have studied various methodologies in imple-
menting renewable energy systems and various sectors and technologies. The 
summary shows that optimization methodologies based on renewable energy 
systems are more efficient than conventional methods. Kannan and Vakeesan6 
stated that the energy demand is increasing in proportion to the rise in the 
population. So, there was an urgency for a reliable and lasting RES to meet 
population demands. As other energy sources such as fossil fuel, thermal, and 
hydro are limited, the author has recommended solar energy as an alternative. 
Compared with other sources of renewable energies, solar energy is abundant 
in its availability, cost effective, and easy to access.

Herez et al.7 reviewed that the most popular RES is solar energy. 
Moreover, it is mainly used for heat generation and electricity production. 
The solar energy production method is increased and used to reduce 
fossil fuel usage. Because during the production of fossil fuel, it emits 
chlorofluorocarbon (CFC). It results in global warming and ozone depletion. 
To prevent these issues, various solar energy systems and collectors are 
used. Kar et al.8 reviewed the potential of solar energy in India in terms 
of its development, capacity, production, and trade status. However, 
solar energy has many problems in grid connectivity, such as evacuation 
infrastructure, capacity utilization, initial investment, consumer awareness, 
and acceptance. Therefore, some methods are suggested to generate pure 
energy to tackle these issues, such as attracting investments, easy access to 
financing, developing transmission and distribution infrastructure, etc. In the 
research paper, Langer et al.9 have selected the radial-flux permanent-magnet 
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synchronous motor (PMSM) generator for study. This generator is mainly 
used to produce low-power wind energy. Compared to other generators, 
PMSM has many advantages such as efficiency, reliability, energy density, 
small size, and lightweight. Along with PMSM, the author used four MTTP 
systems to produce wind energy.

Sitharthan et al.10 stated that every country could implement any renew-
able resource for electricity production from nature due to an increase in 
energy production, which increases the energy supply. Wind energy plays 
a significant role among various renewable energy resources, fulfilling 
28% of energy requirements. However, although wind energy is a freely 
available source, only a few countries show interest in implementing it. 
Of these, India is one country that implements wind power generation. 
Also, the author has surveyed aspects such as advanced technology, future 
opportunities, and government initiatives for power consumption. Kulkarni 
and Anil11 stated that carbon dioxide emission causes many adverse effects 
on the environment and industries. To limit the emission of CO

2
, most coun-

tries prefer RESs for power production. Examples are wind energy, biomass 
energy, Solar energy, etc. Of these, wind energy as a source of renewable 
one is growing fast. It converts kinetic energy into electricity. Choi et al.12 
discussed that different renewable energy resources are adopted nowadays. 
For example, wind power and photovoltaic (PV) power generation are 
maintained using IoT devices. It performs various tasks such as monitoring, 
diagnosing, and predicting using IoT devices such as Arduino, Raspberry 
Pi, and the LoRa network.

Kumar et al.13 reviewed that solar energy has good potential in various 
kinds of renewable energy. To convert the sunlight into a PV electricity 
system is used. It can be installed in any place. First, however, to access 
the real-time performance and control the PV system, the IoT device is 
installed. It helps to monitor, diagnose faults, and generate and maintain 
records. Santos14 states that IoT devices are used for various grid applications 
because of their acquisition, processing, transmission, and storage features. 
It is used in multiple places and fields such as homes/buildings, healthcare, 
agriculture, and cities to perform as a sensor, receiver, and sender. Khyam et 
al.15 reviewed that different types of renewable energy are becoming more 
popular in the last few decades. Wind energy is one of the most popularly 
used types of renewable energy. As wind turbines and control centers are 
located in different places, the IoT System is used to monitor and analyze 
the performance of controllers and turbines. Alhmoud and AI-Zoubi16 stated 
that RESs are essential in power production. IoT devices play a significant 
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role. IoT, especially in wind energy, transfers the information between the 
turbine and controller. It reduces wind energy cost and risk in real-time with 
the help of the permanent magnet synchronous generator (PMSG). Hossein 
Motlagh et al.18 reviewed the implementation of IoT devices in the energy 
sector to increase energy efficiency and its problems on privacy and security 
in the energy sector. To avoid this problem and to get the output, blockchain 
is used.

Himeur et al.19 stated that energy needs have increased in the last decade. 
Buildings consume around 40% of the total energy produced worldwide. 
This consumption rate will increase by 1.3% annually from 2018 to 2050 
in Organization for Economic Cooperation and Development (OECD) 
countries such as the USA, Australia, etc. In non-OCED countries such as 
China, Russia, etc., the increase will be around 2%. Pylsy et al.20 reviewed 
that the rise in population will increase the usage of electricity and the 
rate of energy consumption. Zia et al.17 state that PV and wind energy 
are highly used RESs. It increases the need for electricity and reduces 
greenhouse gas emissions. Eltamaly et al.21 stated that renewable energy 
production has increased due to the disadvantage of fossil fuel production. 
A small hybrid renewable energy system (SHRES) is used to maintain 
energy production. This SHRES was performed with the help of an IoT 
device. Syed et al.22 reviewed the fundamental properties of the IoT device 
used in smart cities for energy efficiency. The problems and risks are also 
discussed. Privacy and security, IoT, and AI devices are used to manage the 
smart city challenges.

10.2.1 LIMITATIONS AND MOTIVATION

The above study shows that IoT devices require a continuous and sustained 
energy supply for effective functioning. Several research works are discussed, 
showing the optimized usage of energy available to power IoT devices. 
These IoT devices connected to a network are optimized through machine 
learning algorithms and frameworks. The developments in IoT technologies 
have enabled IoT devices’ usage in smart buildings, smart cities, tech-hubs, 
etc. The works discussed above show us the possible requirement of energy 
resources and their impact on the environment. So, there is a need to adopt 
methods that generate energy without affecting the environment of renewable 
energy resources. However, renewable energy resources have some limita-
tions in terms of energy production. The energy requirements of IoT-based 
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environments cannot be fulfilled through renewable energy resources alone. 
Several researchers have employed renewable energy systems to power IoT 
systems that lack efficiency and functioning. There is a need to implement 
renewable energy as much as possible to reduce the energy consumed by 
nonrenewable resources.

Energy efficiency is one of the significant challenges and is highly 
required to run everyday life. Thus, every country has aimed to increase 
energy production under various strategies. One of the strategies is energy 
generated from natural resources. One of the popular RESs is solar PV 
systems. It requires one-time installation costs and does not require more 
maintenance and production costs. Thus, the solar PV system is considered 
by everyone in the energy industry.

10.3 PROBLEM FORMULATION

The energy management strategies are more critical in the IoT environment 
as the available energy is less and the time required for the devices to func-
tion is infinite. However, specific optimization methods can be followed to 
improve efficiency and reduce the energy requirement for the devices. The 
energy requirement of the system needs to be calculated to optimize the whole 
system. The optimization algorithms use parameters such as time duration, 
thermal throttle, energy consumption, and other electrical parameters for 
better optimization. A mathematical model is proposed that calculates the 
following parameters needed for efficient optimization. Before implementing 
the optimal system, the entire functionality and its logical structure must be 
understood. Figure 10.2 shows the electricity flow architecture in home and 
other office environments. The components in Figure 10.2 are individual 
nodes that either receive or transfer energy. The energy is first generated in 
the RES, connected to the home appliances and the energy storage system 
(ESS). It does not take any input but gives output to the connected nodes. The 
primary grid is also connected to both nodes. The main grid gets the supply 
from the central lane, but the RES gets it through renewable resources. The 
power obtained through RES may not be consistent. Thus, an uninterrupted 
energy source such as the main grid is required for ongoing energy input. 
The home appliances are connected to three nodes from which it gets input. 
From the connected nodes, the home appliances receive an uninterrupted 
supply. If any node fails to supply, the other nodes fulfill the energy require-
ment. RES and ESS are just alternatives to the primary grid, as they cannot 
power them over a long period.



Integrating IoT Devices to Renewable Energy Systems 165

FIGURE 10.2 Electricity flow architecture.

10.3.1 RENEWABLE ENERGY SOURCE (RES)

In this model, a PV system is considered the RES. The power output of the 
RES be P

RES
 That produces power (in kW) at time τ as in eq 10.1.

 ( ) ( ) RES

RES GHI . . 0 24P Sτ τ η τ τ= ∀ ≤ ≤  (10.1)

The GHI represents the global horizontal irradiation in the place of solar 

panels. The energy produced per meter is measured in 2

kW

m

 
 
 

. The area of the 

solar PV is measured in m2. The efficiency in energy conversion in a solar PV 
system is ηRES. Let the time taken be t and the duration of time taken be Δt. 
The energy generated by the PV system is E

RES
(t) can be shown at eq 10.2.

 ( ) ( )RES RES 1E t P t t t Tτ= ⋅∆ ∀ ≤ ≤  (10.2)

The real-time here is τ in the time t. Figure 10.2 shows that the energy 
generated from renewable sources is used by home appliances and to charge 
the ESS. Thus, it can also be written as

 ( ) ( ) ( )load charge

RES RES RES 1E t E t E t t t T= + ∀ ≤ ≤  (10.3)
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where the ( )load

RES  E t  is the amount of energy used in the home in time t; 
( )charge

RES  E t  is the amount of energy used for charging the ESS in time t. From 
the equations, the ( )load

RES E t  and ( )charge

RESE t  should satisfy the constraints are

 ( ) ( )load RES

RES0 GHI · 1E t S t t t Tτ η≤ ≤ ⋅ ⋅∆ ∀ ≤ ≤  (10.4)

 ( ) ( )charge RES

RES0 GHI  1E t S t t t Tτ η≤ ≤ ⋅ ⋅ ⋅ ≤ ∆ ∀ ≤ ≤  (10.5)

10.3.2 ENERGY STORAGE SYSTEM (ESS)

The ESS can act as a substitute for both the renewable source and primary 
grid at the time of any other issue. It can conserve energy from both a renew-
able resource and the main grid. This energy can also be provided at a higher 
price. The parameters dealing with ESS are shown below. In general, ESS 
has two major roles to play, (1) Supplying energy to the home and (2) Selling 
the surplus energy outside. It also stores the surplus energy of both the RES 
and the main grid. The following formulas are used for estimating both the 
measures:

 ( ) ( ) ( )( ) ( )( )discharge load selling ESS

ESS ESS ESS · 1 modeE t E t E t t= + −  (10.6)

 ( ) ( ) ( )( ) ( )charge charge charge ESS

ESS RES MG ·modeE t E t E t t= +  (10.7)

Here, the energy is extracted from ESS within the time t is ( )discharge

ESS E t . In 
eq 10.7, ( )charge

ESSE t  represents the stored energy in ESS at time ( )load

ESS  t E t⋅  is 
the energy used in the home and ( )selling

ESS  E t  denotes the energy sold outside at 

time t; ( )charge

RES  E t  is the amount of energy given by RES to ESS and ( )charge

MGE t  
is the amount of energy given by the primary grid to ESS. ESS stores and 
supplies power but cannot consume it. However, while storing the energy, 
there can be energy loss. It has only two modes that can be considered as a 
binary value. It is expressed in the following form as in eq 10.8.

 ( )ESS 1 if ESS is charged

0 if ESS is dischargedmode {t =  (10.8)

The ESS energy level is assumed as ( )level

ESS  E t  for time t. Here, 1 ,t t T∀ ≤ ≤  
the formula can be written as eq 10.9.

 ( ) ( )( ) ( ) ( )level level charge ESS Discharge

ESS ESS ESS ESS ESS
1 ·

t
E t E t t E t Eη

η
= − + −  (10.9)

Here, the energy efficiency of ESS is ηESS, included in the formula because 
some energy loss occurs during the charging and discharging of energy, and 
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it is the round trip efficiency of the system. The following constraints should 
be satisfied by the ESS:

a) The rate of charging and discharging in ESS should not exceed 

rate

rate

.
Ch

Dh
 Only a certain amount of energy could be extracted or given 

to the ESS with the time t within the duration Δt.
b) The ESS energy level should lie between the EL

min
 and EL

max
.

From the above-said constraints, along with 1 ,t t T∀ ≤ ≤  the following 
conditions can be added:

 ( ) ( ) ( )discharge load selling

ESS ESS ESS rate0 ·E t E t E t Dh t≤ = + ≤ ∆  (10.10)

 ( ) ( ) ( )charge charge charge

ESS RES MG rate0 ·E t E t E t Ch t≤ = + ≤ ∆  (10.11)

 ( )level

min ESS maxEL E t EL≤ ≤  (10.12)

 ( )load

ESS rate0 ·E t Dh t≤ ≤ ∆  (10.13)

 ( )selling

ESS rate0 ·E t Dh t≤ ≤ ∆  (10.14)

 ( )charge

RES rate0 ·E t Ch t≤ ≤ ∆  (10.15)

 ( )charge

MG rate0 ·E t Dh t≤ ≤ ∆  (10.16)

The calculation is only done for a day and is not for all the following 
days. So, the energy level should return to the initial state when the day ends. 
This constraint can be shown in eq 10.17.

 ( )level

ESS 0E T EL=  (10.17)

The energy to be sold can only be obtained from ESS. The energy gener-
ated at RES needs to be stored before selling. The constraints for the variable 

( )charge

RES  E t  is in eqs 10.5 and 10.15. If more energy is generated in RES, the 
excess energy is stored in ESS and sold.

10.3.3 HOME DEVICES

The home devices are of two types, namely, (1) movable M, (2) immovable 
N. The movable devices are M = {a

1
, a

2
, a

3
, …,a

m
}. These devices can be 

operated at any time, and the operation time for the devices can be changed to 
lower price slots to save costs. The immovable devices N = {a

1
, a

2
, a

3
, …,a

n
} 

can be operated only within a certain time frame and is predefined. The energy 
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consumption of the devices is ( )appliances

totalE t , is the energy consumption of the M 

movable set E
N
(t), shown in the proceeding equations along with

 , , 1 .i iB N a M t t T∈ ∈∀ ∀ ∀ ≤ ≤

 ( ) ( ) ( )appliances

total N ME t E t E t= +  (10.18)

 ( ) ( ) ( )rate1
Power ,

n

N i ii
E t b O b t t

=
= × ×∆∑  (10.19)

 ( ) ( ) ( )rate1
Power ,

m

M i ii
E t a O a t t

=
= × ×∆∑  (10.20)

Here, the power ratings of a
i
,b

i
 devices are Power

rate
 (a

i
) and Power

rate
 (b

i
) 

respectively. The producers fix that. The status of the devices a
i
,b

i
 can be 

seen through the binary variables O(a
i
,t) and O(b

i
,t).

 ( ) 1 if shiftable device  is ON

0 if shiftable device  is OFF, { i

i

a

i aO a t =  (10.21)

 ( )  1 if shiftable device is ON

0 if shiftable device  is OFF, { i

i

b

i bO b t =  (10.22)

The E
N
(t) has a fixed value as the O(b

i
, t) is fixed. In a whole day of 

T = 24 hours, the energy consumption of all the devices in the system can be 
calculated by eq 10.23.

 ( ) ( ) ( )
appliances

total1 1 1
.

T T T

N tt t t
E t E t E

= = =
= +∑ ∑ ∑  (10.23)

If the movable devices cost much less, the demand for energy remains 
unchanged as its operational time does not change. The home devices are 
provided with three different sources of energy which are load

RES ,E  load

ESSE , and 
load

MGE  in time t. The following formula can be written as 1 .t t T∀ ≤ ≤

 ( ) ( ) ( ) ( )appliances load load load

total RES ESS MGE t E t E t E t= + +  (10.24)

 ( ) ( ) ( ) ( )load appliances load load

MG total RES ESSE t E t E t E t=> = − −  (10.25)

From 10.18, we have

 ( ) ( ) ( ) ( ) ( )load load load

MG RES ESSN ME t E t E t E t E t=> = + − −  (10.26)

The main grid ( )load

MG 0E t ≥  always provides energy. If the home demand 
is “0,” it represents that it does not consume any energy. Thus, the following 
constraint:

 ( ) ( ) ( ) ( ) ( )load load appliances

RES ESS total0 N ME t E t E t E t E t≤ + ≤ + =  (10.27)
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10.3.4 LOAD DEMAND AND COST FUNCTION

The energy from the main grid is the load demand over a certain period. 
The cost of energy used for a day can be calculated from the load demand 
or the price of the energy used from the main grid. From eq 10.23, it can be 
concluded that there are various kinds of tariffs on electricity for the home. 
Day-ahead pricing (DAP) is used in this paper to collect charges on an hourly 
basis and remind every hour. The prices are forecast a day. It is also assumed 
that the energy produced by both the RES and ESS is more than the energy 
given by the primary grid, E

LD
(t) includes ( )load

MG  E t  and ( )charge

MGE t  are shown 
the Figure 10.2. In time, 1t t T∀ ≤ ≤ , the Equation can be written as eq 10.28.

 ( ) ( ) ( )load charge

LD MG MGE t E t E t= +  (10.28)

From eq 10.26, it is seen that

 ( ) ( ) ( ) ( ) ( ) ( )charge load load

LD MG RES ESSN ME t E t E t E t E t E t= + + − −  (10.29)

The price that is got by selling energy outside is ( )selling

ESS E t  in time t. The 
cost of the energy to be paid in time t is EC(t), which is shown in eq 10.30.

 ( ) ( ) ( ) ( ) ( )selling

LD MG ESS sellEC t E t P t E t P t= × − ×  (10.30)

Here, P
MG

(t) is the price paid for the energy given by the main grid in time 
t. The provider fixes the price P

sell
(t) in time t. The users decide this. The total 

cost to be paid for a day is C
day

, then

 ( )day 1

T

t
C EC t

=
=∑

 ( ) ( ) ( ) ( )( )selling

LD MG ESS sell1

T

t
E t P t E t P t

=
= × − ×∑  (10.31)

From eq 10.29, the formula can be written as

( ) ( ) ( ) ( ) ( )( ) ( ) ( )( )charge load load selling

day MG RES ESS ESS sell1

T

N Mt
C E t E t E t E t E t E t P t

=
= + + − − − ×∑

  (10.32)

The following equation shows the objective function value (OFV), which 
aims to reduce the total energy cost (TEC) for a day is

( )
( ) ( ) ( ) ( ) ( )( ) ( ) ( )( )( )

day

charge load load selling

MG RES ESS ESS sell1

min min

T

N Mt

C

E t E t E t E t E t E t P t
=

=

+ + − − − ×∑ (10.33)

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )charge load load selling

rate MG RES ESS ESS MG1 1
min ( Power , )

T m

N i it i
E t a O a t t E t E t E t E t P tα

= =
+ × ×∆ + − − − × ×∑ ∑

  (10.34)
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Pea-to-average Ratio (PAR)

The ratio between peak load demands and the average load demand is 
called the PAR.

 
( )( )
( )

LD

LD1

max
PAR

1 T

t

E t

E t
T =

=

∑
 (10.35)

10.4 PROPOSED PSO ALGORITHM

One popular optimization algorithm is the particle swarm optimization 
(PSO) algorithm. It is one of the computational algorithms used to imitate 
organisms’ functionalities and solve persistent and complex optimization 
problems, as illustrated in Figure 10.3. Initially, the mass of particles 
produced is randomly distributed. These particles are present in the 
problem’s search space. The issue needs to be optimized through the 
algorithm. After each iteration, all the particles move to different positions 
within the search space to find a better solution for the problem. A formula 
is derived from calculating the movements of the particles. It considers its 
position, where it currently relies, and its velocity to determine the next 
position. Usually, the new position and velocity are taken as x

i
(t + 1) and 

v
i
(t + 1) for each particle i over t + 1 times iteration, which can be written 

as in eqs 10.36 and 10.37.

 ( ) ( ) ( ) ( )( ) ( ) ( )( )1i i l l i i g g iv t v t C r lb t x t C r gb t x tω+ = ⋅ + ⋅ ⋅ − + ⋅ ⋅ −  (10.36)

 ( ) ( ) ( )1 1i i ix t x t v t+ = + +  (10.37)

where ω - Inertia weight (constant)
 v

i
(t) - velocity of a particle at iteration t

 C
i
 - acceleration coefficient

 r
l
 - random number between 0 and 1

 lb
i
(t) - best position of the particle over iteration t.

 x
i
(t) - position of the particle at iteration t

 C
g
 - acceleration coefficients (constant)

 r
g
 - random number distributed between 0 and 1.

 gb(t) - best position for iteration t.
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FIGURE 10.3 Architecture of PSO.

There are two kinds of variables in the proposed model. They are charge

MGE  
and load

ESSE . The binary variables are taken as 0 and 1 with the O(a
i
,t). The 

proposed algorithm performs well in the continuous problems state, and 
in terms of binary variables, the binary PSO is used for better results. The 
same is applied to the proposed model, and the results are tabulated in the 
following sections.

10.5 SIMULATIONS AND DISCUSSIONS

The energy used for several household appliances is simulated for one day 
hourly. Here, a day consists of 24 h and is considered the time slots. Timeslot 
1 indicates the time slot from 0 a.m. to 1 a.m., and time slot 2 denotes from 
1 a.m. to 2 a.m., time slot 3 is from 2 a.m. to a.m., and so on. The smart 
home energy management system (SHEMS) is evaluated by single-objective 
optimization. It is used for controlling and scheduling every appliance. RESs 
and energy storage systems (ESSs) help to optimize the energy cost. The 
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TEC is evaluated based on the daily energy utilized. This program can run 
on Intel® Core™ i7-8700 CPU@ 320GHz and RAM size of 16GB with 
Windows 10pro.

The proposed simulation includes the input parameters for the home 
appliances such as washing machines, air conditioners, personal computers, 
television, lights, etc.

Table 10.1 lists all the appliances that are used in SHEMS. Here, the 
appliances are categorized into shiftable and nonshiftable. The operating 
time can be changed to time slots of low price in the shiftable appliances. 
On the contrary, it is impossible to change the time slots in nonshiftable 
appliances. Both types of appliances could not be interrupted at the time of 
operation. The power rating, daily usage, and the operation’s time length for 
all the appliances are shown in Table 10.4. The power rating is expressed in 
kW, whereas the daily usage is expressed in hours.

TABLE 10.1 Home Appliances.

Load Type Appliances Power rating 

(kW)

Daily usage 

(Hours)

Start time

Washing machine 0.8 5 -

Air conditioner 1.3 10 -

Shiftable Clothes dryer 0.7 4 -

Dry washer 0.2 3 -

Personal computers 0.2 18 7 A.M.

Non_shiftable Security cameras 0.1 24 0 A.M.

Non_shiftable Security cameras 0.1 24 0 A.M.

Microwave oven 0.5 7 3 P.M.

Refrigerator 0.9 20 2 A.M.

Television 0.2 8 4 P.M.

Lights 0.1 6 6 P.M.

Figure 10.4 shows the cost variance from one time slot to another based 
on the DAP signal. To compute P

RES
(τ), solar irradiance is analyzed in 24 

time slots, as shown in Figures 10.5 and 10.6 displays the RES energy that is 
generated by the PV system.

The PV system is used to generate electricity for the RES. The RES 
depends upon the solar generator, cells, and irradiation for energy conversion 
efficiency. The energy with the same amount is generated by configuring 
RES. Like RES, ESS also uses the same configuration.
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FIGURE 10.4 Cost variance with DAP signal.

FIGURE 10.5 P
RES

 (τ) by solar irradiance.

Table 10.2 lists the ESS parameters. Ahmad et al.23 proposed a new plan 
for both RES and ESS. The ESS is charged with the energy of 30%, which 
is taken from RES for every time slot. The rest of the energy is used for the 
appliances available in the home. The PV system is the only possible way to 
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charge ESS in the daytime. The home load has a high price from t
20

 to t
24

 time 
slots while considering the energy in ESS. It is important to have a flexible 
plan for both RES and ESS.

FIGURE 10.6 RES energy through solar PV.

FIGURE 10.7 TEC of several algorithms.
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TABLE 10.2 The ESS Input Parameters for Simulation.

ηESS (%) Ch
rate

(kW) Dh
rate

(kWh) EL
min

(kWh) EL
max

(kWh)

95% 0.3 0.5 0.5 3

This paper considers only a single-objective optimization model for 
reducing the TEC for a day.

 ( )sell( ) MG  tP P t t= ∀   (10.38)

Figure 10.7 shows the comparison of the TEC of Ahmad et al.23 and the 
proposed system. It shows that our proposed SHEMS utilizes the energy in 
both the primary grid and ESS.

FIGURE 10.8 Main grid storage in ESS.

Figure 10.8 shows that the main grid’s energy is stored in ESS hourly. It 
utilizes the energy at a low price from 0 a.m. to 2 a.m. This low-price energy 
will be used for home appliances for the time slots from 8 a.m. to 10 a.m. as 
shown in Figure 10.9. Or else, this cheap energy can be sold outside at the 
timeslots of from 7 a.m. to 8 a.m. and from 10 a.m. to 11 a.m., as shown in 
Figure 10.10. Figure 10.11 shows that the energy from RES is distributed 
to the home appliances. RES is used to generate energy at a high price. It is 
better to utilize the home energy rather than store it in ESS. If the RES energy 
is stored in ESS, discharge happens. Then the energy will be lost because of 
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its round trip. The energy from RES should be more than the energy required 
for the home appliances. Hence, the proposed SHEMS focused on storing 
ESS from the energy of RES.

FIGURE 10.9 ESS energy use for home.

FIGURE 10.10 Selling of ESS energy.
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FIGURE 10.11 Energy storage—ESS from RES For home load.

Table 10.3 shows the scheduling time of each shiftable appliance. The 
proposed SHEMS is used to schedule every appliance to utilize the energy 
at a low price.

TABLE 10.3 Scheduling the Shiftable Appliances.

Load Type Appliances Daily usage (hours) Start time

Shiftable Washing machine 5 7 P.M.

Air conditioner 10 2 P.M.

Clothes dryer 4 7 P.M.

Water heater 8 4 P.M.

Dry washer 3 7 P.M.

Figure 10.12 shows the load demand from the main grid hourly. The 
red line displays the energy requirement needed for home appliances, 
and the blue line indicates the system’s load demand from the grid. The 
time slots from 7 p.m. to 9 p.m. need more energy for using the home 
appliances. It needs less energy from 0 a.m. to 7 a.m. and has a lot of 
energy from 7 a.m. to 8 a.m. The proposed HEMS does not require any 
energy from the time slots 11 a.m. to 1 a.m. Both RES and ESS have 
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enough energy for using the home appliances. Figure 10.13 compares the 
PAR (PAR) for the different algorithms. This proposed system focuses on 
reducing the TEC and increasing the PAR. Figure 10.13 shows that there 
is a trade-off between TEC and PAR. So, it is necessary to balance these 
TEC and PAR.

FIGURE 10.12 Load demand from the main grid.

10.5.1 PROPOSED SHEMS WITH DIFFERENT ESS

To reduce the TEC, it is important to consider Ch
rate 

/
 
Dh

rate
 and the ESS 

capacity.
Figure 10.14 and Table 10.4 show that the average TEC with various 

Ch
rate 

/
 
Dh

rate
 and the ESS capacity. It is concluded that ESS has no limit for 

storing energy. The capacity of ESS stores 4 kWh to 6.5 kWh. If Ch
rate 

/
 
Dh

rat
 

is large then more energy can be stored in the grid. It stores the energy at the 
low price time slots and utilizes it for time slots of high price. The Ch

rate 
/
 
Dh

ra-

t
increases with the decrease of PAR, as shown in Table 10.4. When the 
Ch

rate 
/
 
Dh

rat
 increases, the average TEC decreases. The ESS must store energy 

with a sufficient capacity.
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FIGURE 10.13 PAR value comparison.

FIGURE 10.14 Average TEC with varying Ch
rate 

/
 
Dh

rate
.
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TABLE 10.4 Average TEC with Different Ch
rate 

/
 
Dh

rate
.

Ch
rate

 /
 
Dh

rate
ESS capacity Average cost Average PAR

0.0 kW - 465.84 cents 2.93

0.3 kW 3 kWh 446.78 cents 2.91

0.6 kW 3 kWh no limit 432.61 cents 
427.74 cents

2.84 
2.73

0.9 kW 3 kWh no limit 426 cents 
408.69 cents

2.82 
2.66

10.5.2 THE PROPOSED SYSTEM WITH THE SMALLER SELLING 

PRICE

The proposed system focuses on the smaller selling price and the TEC. 
If the energy needed for home appliances is high, the energy should not 
be sent to the outside. The ESS has 0.9 kW of Ch

rate 
/
 
Dh

rate
 to store RES 

energy.
Table 10.5 describes the average TEC with different selling prices. It 

displays the TEC for α = 1, 0.9, and 0.8. The selling prices for α = 1, 0.9, and 
0.8 are represented by the following equations:

 P
sell

(t) = P
MG

(t) (10.39)

 P
sell

(t) = 0.9 × P
MG

(t) (10.40)

 P
sell

(t) = 0.8 × P
MG 

(t) ∀t (10.41)

If there is a decrease in the selling price, the average TEC will also be 
increased. The energy of RES is shown in Figure 10.15 by 24 time slots. 
Figure 10.16 shows the selling energy by doubling the solar cells hourly. 
The energy received by home appliances from the ESS load is displayed 
in Figure 10.17. Figure 10.18 shows the energy supplied by main grid that 
charges ESS with the solar cells.

TABLE 10.5 Average TEC with Different Selling Prices.

α Max energy cost Min energy cost Average energy cost

1 304.01 cents 298.76 cents 302.66 cents

0.9 312.86 cents 307.07 cents 310.44 cents

0.8 323.53 cents 318.08 cents 319.57 cents
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FIGURE 10.15 Rate of generation of ES energy.

FIGURE 10.16 Rate of generation of selling energy.

10.6 CONCLUSION

The following work shows an implementation renewable energy model 
in IoT-based environments to improve energy efficiency. Several works 
before have considerably optimized the energy usage of IoT devices, but the 
energy produced to power all these systems is mainly from nonrenewable 
resources. This paper’s new framework is designed to limit the usage of 
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FIGURE 10.17 Generation of ESS energy for home load.

FIGURE 10.18 Amount of energy stored in ESS from the primary grid.

nonrenewable resources and create a renewable IoT-based environment. The 
proposed framework consists of both a renewable source and a primary grid. 
An intermediate system manages the energy produced from both systems to 
provide a sustainable and efficient energy supply. This framework tries to 
balance the renewable resources’ efficiency and stability of the nonrenewable 
resource. The proposed framework uses a PSO algorithm that optimizes the 
IoT devices’ energy usage and balances the energy demand with the supply. 
The functioning of this framework is discussed in detail, and the energy 
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requirement of the system is formulated. The PSO algorithm takes advantage 
of the proposed framework and optimizes the energy usage of IoT devices. 
The results have identified that the energy generated using the Solar-PV 
system is more than the demand. It also reduces the energy production cost 
and provides additional income to the owner since the energy generation is 
high.

10.7 FUTURE WORK

The importance of implementing renewable energy systems has been 
discussed in detail, and a new framework employing renewable energy 
systems is given in this paper. The energy optimization is done through the 
PSO algorithm that improves energy efficiency but is examined in a software 
simulation. So, the proposed model can be implemented on a large scale in 
smart cities, industries, and buildings, and its performance can be verified. 
However, the proposed model needs to be further optimized using machine 
learning algorithms for different needs. The proposed framework is designed 
in such a way to adopt future developments in IoT technologies.
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CHAPTER 11

ABSTRACT

The hierarchical design of the World Wide Web’s protocol stack has a rect-
angular shape. Although improvements are frequently made at the bottom 
and topmost levels of the hourglass, the lower layers’ protocols seem to 
have “ossified” at the top. Researchers suggest a model of abstraction for 
investigating the development of protocol stacks. Network standard is built 
on a few ideas regarding multilayered network designs and their growth in 
a market-based ecosystem where protocols compete with one another at the 
same layer and gain value from the applications running on higher layers. 
Evo-Arch robustly and from generic initial conditions generates an hour-
glass architecture resembling the Internet architecture. It also gives a logical 
justification for how certain protocols, such as transmission control protocol 
(TCP) or Internet protocol (IP), were able to endure for a far longer period.

11.1 INTRODUCTION

Networking architecture and industry norms are important aspects of the 
implementation of wire-free sensor networks (WSNs). Due to the severe 
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resource limits placed on vertices with sensors, the network arrangement 
has an essential effect on the use of electricity and, as a result, the efficiency 
and longevity of the whole thing. On the contrary, an Internet of sensors is 
composed of numerous sensor nodes that collaborate to carry out a detecting 
task and are dispersed throughout a sensing range. For the performance 
of many different connected operations and management tasks, such as 
synchronization, transformation, media access control, routing, gathering 
of data, node location, and security for the network, a set of protocols for 
networking is necessary. Nevertheless, considering that they ignore the 
power consumption, interpretation, and storage limitations of sensors, the 
present network needs for traditional wireless communication, including 
cellphone towers and broadband mobile networks [mobile ad hoc networks 
(MANETs)], cannot easily be turned into sensor communication. Contrarily, 
the bulk of sensor assemblies are user-specific with different application 
requirements. These factors need the development of an entirely novel set of 
networking standards that not only considers the limited resources of nodes 
that sense but also distinct networking systems, needs. To make the protocol 
design for WSNs easier, it is crucial to build a procedure tower. The basic 
ideas regarding network designs and WSNs software layer are introduced 
in this chapter. We begin by discussing the layout of sensors and common 
networking topologies, then we will talk about how networks of sensors 
are categorized, and at last, we will talk about a protocol stack for sensor 
networks.

11.2 EXPERIMENTAL METHODS AND WIRELESS SENSOR 
NETWORK ARCHITECTURES

In this segment, we first designate simple design principles for WSNs 
initially discussing the structure of a sensor node.

11.2.1 SENSOR NODES STRUCTURE

The four primary components of a sensor node usually exist as shown in 
Figure 11.1, and are the detecting device, the unit that processes the data, 
the link to the Internet unit, and the power supply unit. Analog-to-digital 
converters (ADCs) including several sensors are frequent parts of the sensory 
unit.
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FIGURE 11.1 Architecture for sensor node.

Based on known physical events, the sensors produce analog signals. The 
ADCs transform analog data converting analog signals into digital signals 
and feeding those to the computational unit. Usually, the computational 
component consists of a device called a microcontroller or microprocessor 
with storage. Such as the StrongARM processor from Intel with the AVR 
microprocessor, supplying the sensor node with sophisticated management. 
A short-range radio which communicates with and receives signals via 
the radio networks serves as a transmission device. A type of battery that 
serves as the energy source in the power system. In addition to the specific 
functions, a sensor node may also be outfitted with other components. The 
use of a global positioning system (GPS) might prove necessary in certain 
applications which require location data for networks. During various 
sensing processes, a drive may be required to move the nodes that contain 
sensors. The idea is to put all these components together into a tiny device 
with inexpensive manufacturing and consumption of electricity.

11.2.2 NETWORK ARCHITECTURES

As demonstrated in Figure 11.2, the network of devices usually consists 
of several sink data nodes or sink stations that are situated near/within the 
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sensing zone, as well as a significant number of nodes for sensors that are 
sparsely distributed across the area of attention. The sink transmits requests 
or orders to the device nodes in the perceiving expanse so that they can 
cooperate to finish the procedure of sensing and deliver what was experienced 
to the proper sink node. Additionally, the sink node serves as an entry point 
to outside networks like the globe’s Internet Web. It collects information 
retrieved from the nodes that transmit sensors, does certain elementary 
computations on it, and finally sends the relevant data (or the processed data) 
to customers that requested it or used the knowledge via the worldwide web. 
Every node that collects sensors can transmit information over vast distances 
using just a single hop, which results in the one-hop network design depicted 
in Figure 11.3. Despite this, energy usage for communication over long 
distances is expensive. The dynamism used for transmission in networks 
of sensors is substantially greater than the energy used for sensing than 
computing. The dynamism prerequisite to transmit a single bit of data to a 
receiver a 100 m away, for instance, is equivalent to the amount of energy 
required to carry out 3000 instructions.2 It may take about 1000 in addition 
to 10,000 times more energy to go through one bit than it does to transmit it 
via an Internet connection.3,4

FIGURE 11.2 Network architecture (sensor).

Additionally, most of the energy that is used for exchange is used for 
transferring, and the essential broadcast influence rises proportionately with 
the distance traversed. Consequently, it tends to reduce traffic volume and 
transmit frequency to improve dynamism effectiveness and lengthen the 
lifespan of the system. In this type of usage, multihop short-distance commu-
nications are highly recommended. Multihop short-distance communications 
are strongly recommended in this kind of usage. Most sensor networks have 
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nodes for sensors that are widely distributed and neighbor nodes that are 
closer to one another, making short-distance communications practical. The 
sensor node uses one or more intermediate nodes to transfer the information 
that it has perceived toward the sink during multihop interaction that may 
conserve power on transmission. The next two sections (Sections 11.2.2.1 
and 11.2.2.2) provide an overview of both the flat and hierarchical5 forms of 
multihop network structure.

FIGURE 11.3 Network architecture for single hop.

11.2.2.1 NETWORK ARCHITECTURE (FLAT NODE)

Every node in a flat network performs the same function in detecting the job, 
and all device knobs are peer systems. It is impractical to provide each node 
in a sensor network with a unique universal identification number due to 
the sheer quantity of nodes that contain sensors. Due to this, data collection 
is typically carried out using data-centric routing, in which the information 
sink sends questions through pouring to every sensor node in the sensory 
zone and only receives responses from the sensor nodes that have informa-
tion that matches the request. Every sensor node uses its peer nodes as relays 
to interact with the sink through a multihop connection. Figure 11.4 depicts 
the conventional design of a flat network.
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FIGURE 11.4 Network architecture (flat).

11.2.2.2 NETWORK ARCHITECTURE (HIERARCHICAL)

The highest points of the clusters serve as intermediaries in the detail’s 
delivery to the drains as the other cluster members offer their information 
to them in a hierarchy architecture, which groups nodes with sensors into 
classifications. Whereas an element having more power can be chosen as the 
focal point of the cluster for processing the information received collected 
by the cluster mates and communicating the results of that processing to the 
source. It is possible to use a node with fewer assets to carry out the detection 
job and deliver the information gathered directly to the head of the cluster. 
In addition to lowering the number of resources needed for connection, this 
approach may help optimize the volume of information as well as increase 
adaptability as the structure expands.

According to the similar transmission speed between all sensor-related 
nodes, they are clustered to share the visitor load among each sensor node 
equally.

To reduce the amount of knowledge delivered to the sinks and improve 
the structure’s power usage, gathering information can also be performed at 
the group management level.
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FIGURE 11.5 Cluster network architecture (single hop).

FIGURE 11.6 Cluster network architectures (multihop).
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FIGURE 11.7 Cluster network architectures (multitier).

11.3 WIFI CONNECTIVITY SENSOR NETWORKING CATEGORIES

There are WSNs tailored to functions. Due to its specific usage, an arrange-
ment of sensors frequently has a wide range of characteristics. Networks of 
wireless sensors can be grouped into various groups according to their wide 
range of characteristics.

• Mobile and static networks: According to the mobile nature of the 
sensing nodes, a network of sensors may be stable or dynamic. 
A fixed sensor network, as is the case in several industries, has 
immovable sensor nodes throughout. However, to complete a sensing 
task, some sensor applications need mobile nodes. Mobile wireless 
sensor networks, which use independently managed animals as 
sensors, are a common application.14 Mobile sensor network design 
must consider the mobility impact, which makes execution more 
difficult than static sensor networks, which are easy to monitor and 
execute.

• Networks with and without determinism: The placement of the sensor 
nodes in an array of sensors determines whether it is predictive or 
unexpected. Once installed as well as scheduled, the placements of 
the nodes that collect data in a predictable network of sensors remain 
permanent. Utilizing this kind of connection is only possible in certain 
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rare cases wherein organized deployment is practical. However, it 
might be challenging to install sensor nodes in an organized way due 
to the adverse or severe conditions that exist in most locations. On 
the contrary, despite any previous design or technology, sensor nodes 
are distributed randomly. Unquestionably, unpredictable technologies 
can adapt along with expandable, although they additionally neces-
sitate more intricate mechanisms for management.

• Mobile-sink network and static-sink networks: In a sensor system, 
an information source might be stationary or moving. A static sink 
network has a source or sinks that are static and fixedly placed 
near or inside a sensing zone. Each sensor distributes the data it 
has composed to the sink(s). A permanent sink clearly improves 
network operations easier to manage, but it might result in the 
hotspots effect.5 The quantity of information that the device knobs 
must send dramatically increases as their proximity to the infor-
mation sink gets closer. Due to such nature, the sensors on the 
nodes closest to the knowledge sink usually die first, leading to 
connectivity segmentation and on rare occasions even interference 
with normal communications. In a “mobile sink” arrangement, the 
sink(s) roam across the intuiting area collecting information from 
sensor nodes, reducing a load of traffic burden on the nodes that 
collect statistics and minimizing the hotspot impact of the entire 
system.

• Multiple-sink and single-sink networks: One sink or several drains can 
be present in a network of sensors. In a single-sink system, the sensor 
region’s closest or largest sink is present. Every sensor node sends 
the records it has composed to this sink. A multilink link may contain 
several sinks spread out across several locations near or around the 
experience zone. Sensor arrays may guide their documents to the 
contiguous sink for the purpose of successfully regulating the flow of 
data capacity on the monitoring nodes and lessen the hotspot impact 
in an Internet connection.

• Networks with single hop and several hops: Sensor networks can be 
categorized as single-hop or multiloop depending on how many hops 
there are amongst a sensor node in addition to the records sink. In a 
single-hop system, all the detectors’ communicate their experienced 
information straight to the source, simplifying network management. 
Simpler to put into operation. However, this calls for the distribu-
tion of knowledge across great distances, which is inflated in terms 
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of mandatory hardware and electrical consumption. The hubs that 
are farthest away from the information route will fail considerably 
quicker compared to those that are near it. Additionally, when the 
network grows larger, the total traffic volume can rise quickly. This 
would lead to more collisions that would result in higher energy use 
and shipment expectancy. In a multiloop system, antenna nodes use 
wireless communications that are short-range to guide the documents 
they have perceived to sink through one or more intermediary nodes. 
The data must be routed and forwarded via a multiloop path by each 
intermediary node. In addition, data aggregating can be carried out at 
an intermediary node to remove redundant data, this can lower overall 
network traffic and boost the network’s energy consumption. A single-
hop network typically has a simplified network design and becomes 
simpler to manage as a result. It is appropriate for use in applications 
requiring small sensing regions and sparsely placed sensor nodes. A 
broader variety of applications is possible with multiloop systems, but 
control complexity is higher.

• Networks that are self-reliable and those that are not: According to 
just how dependable the nodes that sense is a network of sensors 
may be self-configuring or not. The ability to organize a network 
is lacking in the sensor nodes in nonself-configurable networks. 
They must instead depend on a centralized regulator to succeed each 
antenna node and gather data from them. As a result, only small-scale 
networks are appropriate for this type of network. While collaborating 
to carry out a detecting task, the majority of most sensor networks 
allow nodes that sense to autonomously organize and preserve their 
connection to the Internet. This level of confidence in the system 
makes it proper for significant systems to handle difficult recognizing 
tasks.

• A system that is both uniform and varied: How heterogeneous or 
homogeneous a sensor network is will depend on the fact that every 
sensor node has the same features.15 Each node with sensors connected 
to an identical connection has equal access to power, processing 
speed, and capacity. On the contrary, a network that is diverse has 
certain sophisticated nodes for monitoring that are more capable than 
standard detecting cells in terms of communication and computing 
power. In this case, a network might assign additional processing and 
communication duties to such advanced nodes to boost their use of 
energy and, as a result, expand their lifespan.
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11.4 WIRELESS SENSOR COMMUNICATION PARADIGM 
ARCHITECTURE

As shown in Figure 11.8, the “physical layer”, which includes the data connec-
tion layer, the “network layer’s “transport layer,” and then the “application 
layer” makes up the protocol’s foundation for WSNs. Several application-
layer abilities can be used to create applications for different sensor networks. 
The transportation layer oversees giving the application layers safe data 
transfer. Managing information transmission utilizing the transport layers is 
a task performed at the network layer. Data multiplication, communication 
framework delivery, including receiving data, multimedia entry, and handling 
mistakes are all specifically handled by the data link layer. The physical 
layer of a signal is in authority for creating frequencies, modifying messages, 
sending and receiving signals, transmitting and receiving signals, encrypting 
information, and other activities involved in sending and receiving signals 
through a physical communications channel.

FIGURE 11.8 Protocol-layered stack.

The communication framework, on the opposite end of the spectrum, 
is composed of several operational layers that span every single layer,16 
including layers for strength, connections, and managing tasks. The energy 
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administration carrier is responsible for managing the energy that is used by 
a sensor node for gathering, analyzing, exchange, and receiving. It does this 
by employing efficient power control techniques at various communication 
layers. In this scenario, a sensor node may switch off its wireless transmitter 
if there is not any data to send or acquire at the medium access control (MAC) 
level. Depending on which of its contemporaries has the most power left, any 
sensor node at the network’s surface may choose to make its subsequent hop 
to the descent across the node in question. When a network’s design changes 
as a result of the establishing of new nodes in a failure of existing nodes, the 
relocation of present nodes, etc., a communication preservation plane is in 
charge of rearranging sensor nodes to establish and sustain connections to 
the resource. A task administrative transport is in charge of allocating tasks 
across sensor nodes in a detecting domain to reduce energy consumption and 
increase the network’s general service life. They are however not all required 
to complete the work because nodes for sensors are often widely distributed 
throughout sensing territories and are interchangeable for carrying out a 
sensing activity.

11.4.1 APPLICATION LAYER

The application layered has many distinct application-layer technologies that 
are utilized for sensor network features with the value demand dissemination, 
node localization, time synchronization, and protection of the system. As an 
illustration, the sensor authority regulation (SMP)1 is an application-layer 
handling practice that permits programs to carry out a number of tasks, such as 
providing location-related knowledge, coordinating data between proceeding 
nodes of sensors, which are organizing sensors nodes, and applying for the 
current state of sensors. The user-friendly techniques for asking, answering, 
and gathering answers to inquiries are provided by the sensor inquiry along 
with data broadcasting program (SQDDP). Sensors look up in addition to 
assignment technologies (SQTL) are used to create a gateway for wireless 
sensor networks.17,22

11.4.2 TRANSPORT LAYER

The responsibility for assuring dependable end-to-end data transmission 
between the monitoring networks and the sink(s) usually lies on the 
communication protocol layer. Traditional protocols for transport cannot 
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be used in sensor networks without modification due to the power, compu-
tation, and memory constraints of sensor nodes. By way of example, the 
traditional “transport control protocol (TCP)” methods for end-to-end 
retransmission-based detection of errors including window-based relief of 
congestion are not suitable for connected sensors since they are inefficient 
at managing bandwidth. In contrast, sensor interconnections are often 
utilized for specific purposes. An antenna system is typically developed 
for a particular sensing application, such as habitat management, tracking 
inventories, or combat intelligence. Programs may have different depend-
ability needs, resulting in an important effect on how transport-layer 
procedures are designed. In networks of sensors, transmission of informa-
tion occurs primarily in either the upstream or downstream directions. The 
preceding sensor nodes transmit the information they have sensed to the 
sink(s), while the corresponding downstream information provided by the 
sink(s), including those, that passes through the sink(s) to the origin sensor 
the nodes as requests, instructions, and program packages are supplied 
from the sink(s) to the parent sensor nodes. There may be different criteria 
for the data’s trustworthiness. Because sensed data tends to be related 
or redundant to some extent, data flows in the upward instructions, for 
instance, are loss resistant.23 To the sensor nodes that often demand 100% 
dependable transportation, the data streams in the downstream are instead 
inquiries, instructions, including program binaries.

11.4.3 NETWORK LAYER

However, this level oversees sending the knowledge received by the first 
node of sensing to the proper information sink(s). A monitoring network’s 
detecting zone has sensors that are placed there to search for an unusual 
occurrence. The detected event or data must be delivered to the information 
sink. In principle, the choice between a multihop short-range connection 
and a single-hop long-range wireless communication can be used by the 
first station to communicate information detected to the sink immediately. 
However, long-range wireless communication is expensive for sensor nodes 
in terms of both energy consumption and installation complexity. Contrarily, 
multihop short-range interactions may significantly reduce the electrical 
power consumption of sensor nodes while effectively minimizing the effects 
of channel loss and signal transmission. The extensive deployment of data 
collection nodes and the proximity of neighboring nodes make multihop 
communication over short distances possible in sensor networks. In this 
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scenario, the starting node must use a method of routing to choose an energy-
efficient multihop route from the node to the source to send the information 
it has sensed there.24

However, typical wireless network routing strategies are not suitable 
for sensor networks since they neglect energy saving. In addition, multihop 
connections that have multiple-to-one connections combined significantly 
increase the amount of traffic connected to transit. There is an increased like-
lihood of network traffic congestion, collisions, loss, delay, and other issues 
when information migrates deeper into the sink. The sensor nodes closer to 
the sink, frequently within a few hops, will drastically reduce the functional 
lifetime of the network since they will lose more packets and consume more 
energy. The energy limits placed on sensor nodes as well as the unique trans-
port pattern must be considered to successfully plan network layers such 
as firewalls and routing protocols. Numerous routing protocols have been 
created as a result of substantial research in this field to accommodate the 
various application scenarios that sensor networks may manage.25

11.4.4 DATA LINK LAYER

The data link layer, which enables trustworthy point-to-point or point-
to-multipoint communications, is responsible for information stream 
multiplexing, information frame production and identification, media access, 
as well as error correction. The MAC function is one of the most crucial elements 
of the digital connection layers. The shared channel or media is judiciously 
distributed among several sensor nodes to maximize network efficiency in 
terms of power consumption, bandwidth utilization, and transmission latency. 
However, as they do not account for the unique characteristics of sensor 
networks, particularly the energy restriction, MAC standards for ordinary 
wireless networks cannot be used in networks of sensors without modification. 
Energy efficiency is only somewhat relevant because base stations have no 
power restrictions and mobile customers can recharge their phone power 
sources. In MANETs, mobile nodes are equipped with portable rechargeable 
battery-powered devices. Since the major goal of sensor networks is to 
conserve electricity to prolong the network’s lifespan, conventional MAC 
protocol specifications are inappropriate for these networks. As a result, 
extensive research has been done on MAC and several MAC protocols. The 
data link layer also plays a significant role in regulating transmission faults. 
Often, the sensor network is installed in challenging conditions with erratic 
wireless connectivity. In this incident, the fault mechanism becomes essential 
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and critical for creating connection dependability or trustworthy data flow. 
The two primary methods for error prevention were forward correction 
of errors (FEC). By resending lost data sessions or transmissions, ARQ 
encourages the proper transfer of information. It goes without saying that 
this leads to significant energy consumption and repetition costs, making it 
inappropriate for sensor networks. To increase network dependability, FEC 
employs error control codes during data transport, complicating the decoding 
and encoding procedures and requiring more computing power from sensors. 
FEC can be used to significantly reduce the bit error rate (BER) of the 
channel of communication for any certain broadcast strength. Because of the 
power constraints of sensor nodes, FEC is still a very effective approach to 
error correction in sensor networks. When creating an FEC approach, it is 
essential to use the right error control code since the right error control code 
can produce a virtuous coding improvement and a sizable reduction in BER. 
It is also important to consider the additional processing power required for 
encoding and decoding. To have a reliable, environmentally friendly, with 
low-complexity FEC approach, a trade-off involving the extra computational 
capacity and the corresponding coding advantage must be regulated.

11.4.5 PHYSICAL LAYER

Bits obtained from the information at the connecting surface must be 
transformed into indications that can be transmitted via the communication 
medium by the physical layer. Designed for this goal, it must be arranged with 
a variety of associated issues, such as signal identification and modulation, 
the development of carrier frequencies, data encryption, and the selection 
of the transmission medium and frequencies. The component architecture 
and the numerous mechanical and electrical connections must also be taken 
into consideration. The selection of medium and frequency has a big impact 
on how sensor nodes interact with one another. Use of broadcasting and the 
industrial, scientific, and medical (ISM) frequencies, which are frequently 
license-free, is one option. The unrestricted use, wide spectrum, as well 
as accessibility of the ISM frequencies are their key benefits.18 However, 
some communication technologies, such as wireless telephone organizations 
besides wireless local area networks (WLANs), currently employ the ISM 
frequencies. The ISM frequencies’ main advantages are their unrestricted 
use, broad spectrum, and accessibility.18 However, several forms of commu-
nication currently use ISM frequencies, including WLANs and wireless tele-
phone services. However, a compact, inexpensive, and ultralow frequency 
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broadcaster is necessary for wireless sensor networks. These reasons have 
led to suggestions for the implementation of the ISM bands at 433 and 917 
MHz in North Europe and the US, respectively. Many projects to develop 
hardware for antenna knobs have used transistor rate [radio frequency 
(RF)] circuits, such as the m AMPS project19 and in,20 wherever the antenna 
node uses a single-channel RF transmitter that works at 916 MHz, to radio, 
optically or infrared media may be a choice for instance, the “Smart Dust 
project”21 used optical transmission to send data. Nevertheless, because 
together requires the transmitter and the recipient to be in the visual range to 
communicate, their application is rather limited.22

11.5 SUMMARY

A network’s structure has an important effect on how much energy sources are 
consumed and, consequently, how long a wireless sensor network can operate. 
Multichip short-distance communications have become popular in networks 
of sensors due to the dynamism restriction in the knobs and the distinctive 
multiple to unique transportation configuration. In multihop networks, an 
ordered network design built around clustering can balance flow or load, 
enhance adaptability, and decrease energy usage for communications. On the 
contrary, to carry out various networking management and oversight tasks, 
networks of sensors need an entirely novel set of networking protocols. Such 
protocols must consider both the specific to the application characteristics 
of sensors network as well as the constraints on resources. The subsequent 
sections of this book can be understood with the aid from this section, that 
introduced basic principles on network structure and protocols stacks for 
networks of sensors.
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CHAPTER 12

ABSTRACT

Autonomous vehicles are autos that can drive and navigate on their own 
without a driver. They monitor and analyze their environment using sensors, 
cameras, and artificial intelligence, then act accordingly. Increasing safety, 
reducing traffic congestion, and enhancing the effectiveness of transportation 
networks are the objectives of autonomous cars. There are still technical, 
legal, and ethical challenges to be addressed, but the development of 
autonomous vehicles has the potential to revolutionize the way we travel.

Quadcopters are increasingly being used for aerial surveillance, recon-
naissance, and inspection due to their adaptability to challenging and 
dangerous conditions. Manually operating these quadcopters, however, may 
be difficult, especially when there are distractions or unforeseen occurrences 
present. There is rising interest in creating autonomous quadcopters that can 
navigate and carry out activities on their own to address these issues and 
boost the effectiveness of quadcopter operations.1

This research paper presents the design and development of an autonomous 
quadcopter using an Arduino Uno micro-controller board. This quadcopter is 
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equipped with ESP32 cam model for crop monitoring. For fully autonomous 
operation on a quadcopter With the Arduino Integrated Development Envi-
ronment (IDE) and an exclusive software component every Arduino Uno is 
controlled.

12.1 INTRODUCTION

Increasing food demand and the scarcity of resources such as water and land 
are two issues that the important industry of agriculture must deal with. Farmers 
are utilizing cutting-edge technology such as drones for crop monitoring and 
analysis, or unmanned aerial vehicles (UAVs), to overcome these difficulties. 
Due to its stability, maneuverability, and simplicity of use, quadcopters have 
become one of the most widely used forms of drones. Quadcopters can gather 
information on crop health, growth, and yield using imaging and sensing 
technology including high-resolution cameras and multispectral sensors, giving 
farmers invaluable field-level insights. With the use of this technology, resources 
such as water and fertilizer can be used more precisely and effectively while 
also enabling farmers to make more educated crop management decisions.

Two difficulties that the significant sector of agriculture must address are 
the rise in global food demand and the shortage of resources such as water 
and land. To get around these challenges, farmers are turning to cutting-edge 
technology such as drones for crop monitoring and analysis or UAVs. Quad-
copters have grown to be one of the most popular types of drones because of 
their stability, maneuverability, and ease of usage.2 Using image and sensing 
technologies, such as high-resolution cameras and multispectral sensors, 
quadcopters may collect data on crop health, growth, and yield, providing 
farmers with crucial field-level insights. This technology enables farmers 
to make more informed crop management decisions while also allowing for 
the more accurate and effective use of resources such as water and fertilizer.

In this work, we have made a quadcopter that can fly autonomously over 
a given path and perform crop monitoring, with use of OpenCV.

12.2 EXPERIMENTAL METHODS AND MATERIALS

12.2.1 HARDWARE COMPONENTS

Sensors and computer platforms are necessary for UAVs. The sensors are 
typically mounted on computing devices such as the Arduino Uno. In our 
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project, we have used Arduino Uno, four brushless DC electric motor (BLDC) 
motors (2200 kV each), four ESC’s (30A each), ESP32 cam model, etc. We can 
also use some sensors like GPS receivers and IMU to control the platforms.

Now, just taking pictures may be used to gather crucial agricultural 
information. Even from a great distance, a visible-light camera can capture a 
picture with clarity and detail. Additionally, by employing multiple camera 
types, such a multispectral camera, the needed information may be gathered.3 
To confirm the topography of rice fields and crop development, multithermal 
cameras are also used. When employing a laser to map in three-dimensions 
(3D), a light detection and ranging (LiDAR) device spins 360. LiDAR is a 
crucial sensor for landscape mapping and reconnaissance.

12.2.2 CONTROL OF AGRICULTURAL UAVS

Agricultural UAVs do not idle while in flight and use a battery with a restricted 
capacity. As a result, several studies on control systems that are utilized to 
maximize agricultural efficiency have been carried out. The supervision of 
farming UAVs requires the employment of flight technological advances, 
including aspect and elevation regulations, navigational devices, obstacle 
detection and avoidance systems, decision-making and judgment, and large-
scale supervision. These are other electronic devices for GCS communica-
tion of data. We shall now discuss quadcopters, which are well-known UAV.4

CW

CW
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CW

FIGURE 12.1 Quadcopter plus-type model.
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FIGURE 12.2 Quadcopter cross-type.

12.2.3 HARDWARE CONFIGURATIONS

We had four ESC’s of 30A, that needed to be used with our model. For that, we 
had to calibrate it to test on what voltage and current it can operate. For that, 
we used Arduino IDE and made connections to calibrate it as per our needs.

Also, we performed testing of our ESP32 cam model by running the 
camera web server. The ESP32 cam model was of the Wrover model which 
needed to be connected appropriately with Arduino Uno to test its working.5

12.3 DISCUSSION

12.3.1 IMPACT OF OPERATING PARAMETERS

12.3.1.1 SPEED

The operating speed of an autonomous vehicle may have a considerable 
influence on passenger comfort, energy efficiency, and safety. Higher speeds 
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might result in more collisions, a shorter driving distance, and passenger 
discomfort from vibration and noise. Lower speeds, on the other hand, can 
result in longer travel times and might not be ideal for some uses, such long-
distance travel.

12.3.1.2 ACCELERATION AND DECELERATION

An autonomous vehicle’s ride quality, energy efficiency, and safety are all 
impacted by its acceleration and deceleration speeds. Passengers may feel 
uncomfortable from sudden acceleration and deceleration, which can also 
restrict range and increase the possibility of accidents. On the contrary, slug-
gish acceleration and deceleration may lengthen travel times and make it 
harder for the car to keep up with traffic.6

12.3.1.3 ROUTE PLANNING

Algorithms for route planning are used by automated vehicles to find their 
way to their destination. The precision of these algorithms determines the 
effectiveness and safety of the vehicle’s functioning. To achieve optimal 
performance, route planning algorithms must take into account elements 
such as the state of the roads, traffic volume, and the fuel consumption of 
the vehicle.

12.3.1.4 COMMUNICATION WITH OTHER VEHICLES AND 

INFRASTRUCTURE

To increase efficiency and safety, automated cars may connect with other 
vehicles and infrastructure. Vehicle-to-vehicle communication, for instance, 
can warn drivers about possible dangers or traffic jams, while vehicle-to-
infrastructure communication can improve traffic flow by modifying traffic 
lights depending on the current volume of traffic.

12.3.1.5 ENVIRONMENTAL FACTORS

The weather and road conditions, for example, can have a big impact on 
how safely and effectively autonomous cars operate. Snow, ice, rain, and 
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fog can impair sight and the traction of the vehicle, and uneven or broken 
road surfaces can be uncomfortable for drivers and passengers and raise the 
possibility of accidents.7

FIGURE 12.3 Types of drones.

FIGURE 12.4 Usage of UVAs for agricultural UAVs.
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12.3.2 MATERIALS AND METHODS

An explanation of the research area and actual information gathering. Aerial 
shots as on-the-ground measurements for this research were collected in 
large peach and citrus orchards totaling 90 and 80 ha, accordingly, in the 
southern Spanish cities of Cordoba (37°48 0 N, 4°48 0 W) and Seville (37°20 
0 N, 5°50 0 W), in 2007 and 2008. With an average annual rainfall of 600 
mm, the region has a climate that is similar to the Mediterranean, with most 
of the rain falling between the months of autumn and spring. The Prunus 

persica (L.) Batsch orchard research The P. persica (L.) Batsch orchard 
research was conducted in peach and nectarine plantations, respectively, 
using the peach variety Babygold 8 and the nectarine variety Sweet Lady. 
The pears as well as nectarine trees were planted in 1993 on dense alluvial 
soil at intervals of 5 m by 93.3 m and 6 m by 93.3 m, respectively, in lines 
pointing the other way.8

Eight blocks of data, with trees varying in LAI from 2 to 4.2, height 
between 2.2 and 4 m, and horizontal crown diameters of 1.4–3.5 m, were 
chosen to replicate a peach orchard. The experiment, which occurred in 
the citrus orchard, used the citrus sinensis L. Osb cv. Navelina, exquisite 
oranges, and Citrus clementina Hort. ex Tan. Cv. Orornules plants. In 1997, 
rows of orange and mandarin trees facing east to west were established, each 
one reaching a height of 7–9 m (476 trees per acre). Plants overall 16 areas 
ranged in size from 1.5 to 4 m, in straight head thicknesses of 0.8–4.5 m, and 
LAIs of 1–4.9
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Trees with horizontal crown diameters of 1.4–3.5 m, LAIs of 2–4.2, and 
heights of 2.2–4 m were discovered in eight separate sections away from the 
peach orchard. C. clementina Hort. ex Tan. Cv. Orornules trees, Citrus sinensis 
L. Osb cv. Navelina, magnificent oranges, and additional species were used in 
the study in the citrus garden. At heights of 7–9 m (476 trees per acre), mandarin 
and orange tree arrays pointing the westward direction were first planted in 
1997. A total of 16 blocks were selected, each containing trees that ranged in 
elevation from 1.5 to 4 m, straight crown diameter from 0.8 to 4.5 m, and LAIs 
of 1–4. The terms “intercepted photosynthetically active radiation (PAR)” 
and “absorbed PAR” are frequently employed indiscriminately in the field of 
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science. The equation Rs – Rc, where Rs is the PAR flux density reflected by the 
soil and Rc is the PAR flux density reflected by the plant canopy, represents the 
variance across receiving and redirected PAR.10 The variation is insignificant 
for the entire hue greenish canopy (Daughtry et al. 1992). In this study, fIPAR 
and IPAR were simultaneously used. Multiple airborne missions took place. 
The amount of sunlight that the orchard canopy in Cambridge, UK, absorbed 
over the course of the day was measured using a “ceptometer” (SunScan 
Canopy Analysis System, Delta-T Devices Ltd). The equipment consists of a 
portable 1-m-long sensor for the flux of PAR transmitted through the canopy 
and a beam fraction sensor (BFS) for the measurement of PAR incident on the 
canopy. Two light-emitting parts make up each BFS, one of which the shade 
ring can shield from the sun.11 This enables the separation of the direct and 
diffuse parts of PAR. As one might expect, a tree’s ability to intercept PAR is 
influenced by its surroundings and other nearby trees. The crowns of tree crops 
that are planted in rows are also close together. The fIPAR field experiments 
were conducted under each of the four core plants within every study region. 
SPRAYING UAVs may employ fewer chemicals and remain more efficient 
than wide- or speed-area in the field of sprayers.

The danger of employee illness and pollution of the environment are 
correlated with the amount of pesticides used per hectare of land for farming. 
The employing of UAVs can reduce the need for pesticides. This method 
allows for the large-scale decontamination of each 0.5 ha, up to 50 ha per 
day, with just 10 minutes of labor. UAV studies seek to do away with the 
need for work as a result.

Citrus groves were sprayed by a UAV at various altitudes to determine the 
greatest level of prophylactic intervention. Researched ways to automatically 
plan and carry out the best flights using the MSP430. One microchip was 
installed in the UAV to increase the efficiency of the cleanup process.12

12.3.3 ROLE OF UAV IN PRECISION PEST MANAGEMENT

Using remote sensing technology, precision pest management can be utilized 
to monitor crops and locate pest-affected areas. Control measures, such as 
pesticide spraying, will then be taken in response to disease prevention. Both 
technologies should be put on the UAV to do this.

Additionally, fertilizer and pesticides can be sprayed on agricultural 
areas using the UAV.9 The UAV has a crucial function that allows it to spray 
fertilizer and pesticides with good speed and accuracy. The following are the 
primary UAV spraying components:
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• Chemical container
• Hall-flow detector
• Tiny diaphragmatic pumps
• Pressurized nozzles
• spraying the controller
• Small diaphragmatic pump
• Land mapping interpreting software

To spray fertilizers or pesticides, a sprayer is mounted to the UAV. It 
can be crushed into droplets under pressure and injected via the tip of the 
nozzle. Using the spray motor, the correct amount of pressure is generated 
for dispensing the fluid. Utilizing the Hall-flow sensor, the spraying 
controller turns on the sprayer’s nozzle while determining the system’s 
fluid flow. UAVs used for spraying can vary in speed, payload, and the 
quantity of spraying nozzles they have. The spraying of pesticides and 
fertilizers using UAVs is more effective than using conventional methods. 
Human interaction with dangerous gases is decreased. There is a finite 
quantity of human power needed. The UAV cuts down on both costs and 
time.13

The use of remote sensing technology for pest identification has been 
thoroughly studied. Pest detection in various types of crops is shown in 
Tables 12.3–12.6, and the observations are investigated using satellite, 
ground-based, manned aircraft, and UAV-captured spectral images. The 
technical specifications of the UAV used to photograph crops in various 
agricultural areas and locales are further detailed in Table 12.1.

Machine learning (ML) and remote sensing tools play a key role in crop 
monitoring and pest surveillance. Early warning systems identify crops and 
pest-affected areas using remote sensing applications that give precise and 
economic data in different agricultural areas with suitable spectral, temporal, 
and geographical resolutions. The disease-affected area may be discovered 
by integrating efficient ML models with cutting-edge mobile applications 
and high-resolution UAV satellite photos of data; however, monitoring wider 
areas is difficult.14

The hybrid model system was developed using RGB–UAV aerial images 
from the fields in the Republic of Benin and the Democratic Republic of the 
Congo. It combines an object detection model (Retina Net) with a bespoke 
classifier for sickness categorization and banana localization. The results of 
several tests using performance indicators show that the RGB–UAV mixed 
model accurately classifies objects and can distinguish between healthy and 
unhealthy crops with a 99.4% accuracy rate. Therefore, the support systems 
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TABLE 12.1 Observations of Crops in Various Agricultural Areas.

References Crop name Types of UAV Camera No. of 

rotors

Observations

Author1 2021 [17] Tree1 Multirotor [17] RGB, multispectral [17] 4 Visual inspection of images [17]

Author 2 [8] Tree2 Multirotor [8] Multispectral [8] 6 Visual images [8]

Author 3 021 [9] Tree3 Multirotor [9] Multispectral [9] 6 Visual images [9]

Author 4, 2021[20] Tree4 Multirotor [20] Hyperspectral [20] 4 Visual inspection of images [20]

Author 5 [21] Tree5 Multirotor [21] Hyperspectral [21] 4 Damage assessments [21]

Author 6 [22] Tree6 Multirotor [22] Hyperspectral [22] 4 Visual images [22]

Author 7 [23] Tree7 Multirotor [23] Hyperspectral [23] 4 Visual inspection of images [23]

Author 8 [24] Tree8 Multirotor [24] Multispectral [24] 6 Damage assessments [24]

Author 9 2021 Tree9 Multirotor [21] Hyperspectral [21] 4 Visual images [21]

Author 10 [25] Tree10 Multirotor [25] Hyperspectral [25] 4 Disease monitoring [25]

Author 11 (2010) Tree12 Multirotor (2010) Multispectral (2010) 6 Visual images (2010)

Author 12 [28] Tree13 Multirotor [28] Hyperspectral [28] 4 Visual images [28]

Author 13 [29] Tree14 Multirotor [29] RGB, Nutisectal [29] 4 Visual images [29]

Author 14 [30] Tree15 Multirotor [30] Hyperspectral [30] 4 Damage assessments [30]

Author 15 [31] Tree16 Multirotor [31] Hyperspectral [31] 4 Visual images [31]

Author 16 [33] Tree16 Multirotor [33] Multispectral [33] 6 Visual images [33]

Author 17 [3] Tree17 Multirotor-om [3] RGB [3] 4 Vision-based monitoring [3]

Author 18 (5) Tree18 Multirotor (5) Multispectral (5) 6 Visual images; degree of severity (5)

Author 19 [36] Tree19 Multirotor [36] Hyperspectral [36] 4 Visual inspection of images [36]

Author 20 [37] Tree20 Multirotor- quadcopter [37] RGB [37] 4 Pest segmentation and classification [37]

Author 21 [38] Tree21  Multirotor- quadcopter [38] RGB [38] 4 Visual Images, [38] degree of severity

Author 22 [39] Tree22 Multirotor- quadcopter [39] RGB [39] 4 Visual inspection of images [39]

Author 23 [33] Tree23 Multirotor [33] Multispectral [33] 6 Visual images [33]
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TABLE 12.2 Ground-based Mapping Techniques.

References Crop name Parameters

Camera Pest name Observations

Ref. 1 2021 [80] Crop1 Hyperspectral Tetranychus urticae visual inspection of the leaves

Ref. 2 2019 [81] Crop2 Multispectral Banks grass mite spotted spider mite Damage assessments

Ref. 3 [82,83] Crop3 Hyperspectral Soybean aphid Arthropod counts

Ref. 4 2018 [43] Crop4 Multispectral; hyperspectral Beet Cyst Nematode Visual images

Ref.5 2018 [84] Crop5 Multispectral Two-spotted spider Controlled infestations

Ref. 6 2017 [85] Crop6 Hyperspectral Striped stem borer Damage assessments

Ref. 7 2017 [86] Crop7 Hyperspectral Two-spotted spiders Damage assessments

Ref. 8 [87–89] Crop8 Hyperspectral Sugarcane thrips Arthropod counts; damage assessments

Ref. 9 2012 [90] Crop9 Multispectral Russian wheat aphid Visual inspections

Ref. 10 2009 [92] Crop10 Hyperspectral Spider mite Arthropod counts; damage assessments

Fraulo et al., 2009 [93] Crop11 Hyperspectral Two-spotted spiders Arthropod counts

Ref. 11 2008 [94] Crop12 Hyperspectral Corn leaf aphid Arthropod counts,

Ref. 112007 [95] Crop13 Hyperspectral Leaf miner Damage assessments

Ref. 12 2002 [65] Crop14 Multispectral Soybean cyst Nematode Visual inspection of images

Ref. 13 1996 [70] Crop15 Multispectral Silverleaf whitefly Visual inspections



216 Applied Soft Computing Techniques

made possible by this method hold great promise for spreading dangerous 
banana illnesses to Africa.

It is crucial to keep track of pests and illnesses to effectively remediate 
affected regions. When external variables are considered together with the 
vegetation index, the accuracy level of crops harmed by insects and pests is 
increased.

In addition, numerous pests, and diseases that harm crop growth may 
have symptoms that are comparable. Understanding the development phase 
is therefore helpful in comprehending crop changes brought on by insect and 
pest infestation. Using Landsat-8 satellite photos (bitemporal), a method is 
created by combining environmental factors with crop growth, testing with 
the effects of picture performance classification, and identifying the crops 
that are afflicted by pests and diseases.15

An acceptable reliability of 82.6% was shown by the combined model 
of environmental factors and chronological growth markers. Furthermore, 
it performed better when assessing damage in winter wheat harvests using 
images from the Landsat-8 satellite. To satisfy the current demands of 
precision farming, it is also necessary to increase the precision of sophisticated 
algorithms by merging multitemporal remotely sensed data with multisource, 
which gives a full spatial distribution of crop pests and diseases. The various 
ground-based mapping techniques are contrasted.

It was possible to accurately measure the cumulative abundance 
of A. glycine in soybean fields using spectral sensors with an infrared 
range and a 50-nm sensor bandwidth. Multispectral sensors are used to 
simulate ground-based hyperspectral data to find A. glycine on soybean. 
When compared to manual aphid counts and possible pest scouting in 
soybean and crop production systems, this method is less complicated and 
expensive.16

Since a few decades ago, most agricultural sectors have used RS technology 
for precision agriculture in a variety of applications, including crop monitoring, 
yield prediction, and pest management. Additionally, these methods are 
applied to nutritional deficits and plant stress. In a range of crops and fields, RS 
technologies can successfully identify pests and insects. Figure 12.10 displays 
the typical utilization of various RS Platform variants.17

Precision accuracy is increasingly crucial for the economic growth of 
the agricultural sector since it allows for accurate monitoring of crop quality 
and pest-infested crop monitoring. Additionally, the figure below illustrates 
the precision accuracy rate achieved using RS technologies in the sphere of 
agriculture.
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FIGURE 12.5 Average usage of RS platforms.
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FIGURE 12.6 Precision accuracy rate.

12.3.3.1 THE USE OF DRONES IN INDIAN AGRICULTURE

Drones are currently being promoted in India largely as an automated spray 
device that may be used to spray pesticides, herbicides, and other chemicals 
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over crops to eliminate the health risks associated with hand spraying and to 
save time, resources, and human labor.

According to the Indian Agriculture Ministry, each acre will cost between 
Rs 350 and Rs 450 for the use of a drone with a 10-kg me payload capacity. 
The figure is predicated on the notion that a drone with numerous batteries 
will be used for at least six hours every day, covering roughly 30 acres of 
farmland.18

The following provides specific spray operations and analytics related to 
drones.

These were extracted from an Indian Farmers Fertilizer Cooperative 
Limited (IFFCO) Kisan information-sharing webinar in which Dr. Shankar 
Goenka, an expert, discussed the specifics of drone operations based on his 
company’s experiences launching drone sales and offering spray services 
(on a rent-per-acre basis).

Dr. Goenka claims that drones can evenly apply spray to plants of all 
heights, including sugarcane, mango orchards, and other taller plants. The 
input costs of spray products (pesticides/weedicides) are anticipated to drop 
by roughly 25–30% because of automated operations. Using nano urea as an 
example, a farmer’s input costs are reduced by 25% if savings are realized. 
Each container used to spray 1 acre costs INR 240. An additional 80–90% 
reduction in water is also achieved thanks to the relatively small droplet sizes 
of 50 µm as contrasted to the manual spray droplet size of 500 µm. A person 
can typically only manually cover 3–4 acres per day, but a drone can spray 
an acre in around 5–7 min.19

A drone with a 10-L capacity has an 11-L tank, among other things. As 
a result, it may hold 10 L of water and 1 L of spray material, such as a 
weedicide, pesticide, germicide, or fungicide. A drone alone weighs between 
12 and 13 kg. And, thus, a fully loaded 10-gallon capacity drone can fly with 
up to 25–27 kg of weight. The drone can fly up to 120 feet in the air, but its 
manufacturers have frozen it at 30 feet to address security issues. It has a 
flying range of 5 km, but it is frozen at 500 m. In the future, researchers are 
working to outfit drones with the ability to spray seeds, powdered material, 
and pellets.20

From the standpoint of farmer safety and health issues resulting from 
spraying and other activities in the field, drones present an appropriate 
answer. Over 58000 farmer deaths from snakebite have been reported in 
India. Almost 0.3 million farmers suffer from respiratory ailments because 
of spraying pesticides and other toxins. Drones have the potential to signifi-
cantly minimize farmer suffering since they eliminate the need for farmers to 
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penetrate crops deeply for spraying reasons. Regarding drone economics, as 
noted in the webinar, a typical drone costs between INR 0.7 and 0.9 million. 
The current cost of renting a drone for spraying is about INR 600–700/acre.

12.4 CONCLUSION

Automated cars are developing quickly and have the potential to completely 
change how we now travel. However, several operating criteria affect 
how safely and effectively these vehicles operate. These variables include 
route design, communication with other vehicles and infrastructure, speed, 
acceleration, and deceleration, as well as environmental factors. The 
performance of autonomous cars is significantly impacted by each of these 
parameters, thus each one must be carefully considered to achieve maximum 
performance. It is crucial to continuously check and adjust these settings as 
technology develops to guarantee that automated cars are both effective and 
safe. By doing this, we can fully use automated driving technology and usher 
in a new era of transportation. Additionally, research has been done to create 
precision control algorithms that will increase crop control accuracy.
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CHAPTER 13

ABSTRACT

An intrusion detection system, abbreviated as IDS, examines and detects 
suspicious activity in a network. Hence, IDS is significant for securing 
networks as there is a rapid sharing of confidential data over the internet by 
many organizations and people. In this paper, several machine learning (ML) 
approaches for intrusion detection (ID) will be reviewed. Various feature 
selection and classification algorithms have been explored in the context 
of ML for ID. A comparative analysis is also presented showcasing the 
various merits and demerits of the ML algorithms considered for the study. 
Various drawbacks of ML techniques for ID are discussed. ML techniques 
that are considered in this analysis include Naïve Bayes (NB), K-nearest 
neighbor (K-NN), Random Forest (RF), support vector machine (SVM), 
logistic regression (LR), multilayer perceptron (MLP), Classification and 
Regression Trees (CART), ExtraTree Classifier (ETC), Information Gain 
Ratio (IGR), principal component analysis (PCA), correlation-based feature 
selection (CFS), minimum redundancy and maximum relevance feature 
selection methods, and a few more. All the ML algorithms considered in 
this study have their advantages and disadvantages. From the analysis, it 
is found that most of the ML algorithms show acceptable accuracy for ID 
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classification. However, there is a scope for improvement in detecting the 
zero-day attacks. These studies have also provided suggestions for improving 
the system further. The common and important specificities to be considered 
are optimized and listed so that this will help the network security expert to 
design IDSs effectively and efficiently.

13.1 INTRODUCTION

An intrusion detection system (IDS) is a software or hardware-based 
application that functions to observe a computer system for any potential 
breaches in security protocols or malicious behavior. A network IDS is 
significant to secure a network as it permits detecting malicious traffic 
and responding to it accordingly. Soft computing techniques are always 
found helpful in resolving various real-world issues such as intrusion 
detection (ID). These methods include machine learning (ML), genetic 
algorithms, fuzzy logic, and artificial neural networks (ANNs). Numerous 
ML techniques are being utilized to develop various types of IDS to secure 
the network. A multistage cross-layer-based IDS has been introduced in 
this paper1 to detect malicious activities. This study proposes a two-stage 
cross-layer-based IDS. The first stage involves five dedicated sniffers 
(DS) that gather data from the network and MAC layers. This data is then 
inputted into individual DS-mounted Random Forest (RF) classifiers, 
which generate correctly classified instances (CCIs). The CCIs are then 
transmitted to a supernode (SN), which is the second stage of the IDS. In 
the SN, a sliding window algorithm (SWA) is applied to each CCI obtained 
from the different DSs. This method calculates an accumulated measure 
of fluctuation (AMoF), and an iterative linear regression (ILR) method is 
applied to the AMoF. A crucial step in the identification process involves 
the selection of a detection threshold, which serves to differentiate between 
benign nodes and those that are malicious. This method has been tested 
using two varied mobility models, namely, Gaussian Markov models (GM) 
and random waypoint (RWP). Detection rates explored 98% for high-node 
velocity cases. Whereas they go down to 90% for low-node velocity cases. 
However, the drawbacks to this IDS include a false positive rate (FPR). In 
addition, the detection process has also been affected in the initial steps 
of the fitted-slope computation.2 The probable solution can be based on 
filtering these initial steps. An alternative way is to use a highly complicated 
method based on adaptive feature selection at individual reporting time 
to enhance the performance, thereby affording effective differentiation 



Machine Learning-Based Intrusion Detection Techniques 225

amongst malicious and benign nodes during the initial step of the fixed 
slope process. A general study with a detection framework can be found in 
Ref [3].

In accordance with this, a framework comprising all the needed steps 
for reliable and accurate network IDS validation has been introduced. Last, 
the introduced framework has been tested by a comparison of semisuper-
vised and unsupervised methods against supervised methods by the use 
of the recently developed dataset UGR’16.4 The outcomes explored that 
further work has to be done to introduce standard and common frameworks 
to evaluate network IDS solutions based on ML through comparison. 
Various IDs have been classified through numerous ML algorithms.5 It 
enhances the computer’s learning process on the basis of experiences 
without being programmed. The study performed a comparison of several 
ML algorithms such as J48, principal component analysis (PCA), support 
vector machine (SVM), Decision Tree (DT), LR, modified K-means, and 
ANN for IDS. For testing, RF, linear discriminant analysis (LDA), and 
Classification and Regression Trees (CART) have been used. Outcomes 
revealed the outstanding performance of RF with an accuracy of 99.65% 
in comparison to other methods. Yet, the study needs an overall review 
of ML algorithms to afford an efficient solution for IDS by considering a 
real-time dataset.6

This study reviews various traditional ML algorithms for ID. This study 
also discusses the efficacy of numerous ML algorithms and their performance 
in ID. Future recommendations are also presented. Figure 13.1 shows the 
block diagram of IDS.

FIGURE 13.1 Block diagram of an IDS.
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Figure 13.1 consists of various blocks that are briefly discussed. Data 
arriving from the internet is collected, gathered, and redirected to the Log 
File (LF). Then, the data gathered in the LF is classified by data format-
ting unit (DFU) per numerous packet header fields. This formatted data is 
stored in the Log Database (LB). Subsequently, the misuse detection block 
detects the known attacks. Various computer attacks possess fixed signatures 
that can be utilized to detect the specific attack. This block uses predefined 
rules for comparing the obtained data packet header (DPH). When the 
pattern matches, the IDS detects it as an intrusion and sends an alert signal 
to the administrator. This discourse concerns the broad procedure of the 
IDS whereby the identified LB entries, which are indicative of attacks, are 
subsequently conserved in the attack database.

13.1.1 OBJECTIVES

This study offers significant contributions which are outlined as follows:

• To undertake a comprehensive examination of diverse ML methodologies 
that can be employed in the detection of intrusions.

• To comparatively analyze the merits and demerits of various ML 
techniques for detecting intrusion.

• To recommend future directions to enhance the study in this domain.

13.1.2 CHAPTER ORGANIZATION

This study is structured in a subsequent manner. Section 13.1 explores 
the fundamental ideas about IDS and ML. Following this, Section 13.2 
discusses the review of traditional research associated with the use of 
various ML techniques that are used for ID. Subsequently, Section 13.3 
comparatively analyzes the merits and demerits of all the ML algorithms 
considered in this study for ID. The overall idea of the review is summa-
rized in Section 13.4.

13.2 ID USING ML TECHNIQUES

IDS is an effective tool for detecting adverse attempts to gain unauthorized 
access to a network or system, mainly via the Internet. It detects various kinds 
of malicious activities by monitoring incoming as well as outgoing traffic.7 
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These malicious activities have to be detected as they jeopardize system 
security. The primary objective of IDS is to detect any unauthorized access 
or misuse within the host network. Thus, a security model has been presented 
based on ML.8 It is termed Intrusion Detection Tree (IntruDTree). The security 
features have been ranked in accordance with the significance of modeling. 
Subsequently, a generalized ID model that is tree-based has been constructed 
on the basis of selected significant features. Following this, the test data has 
been utilized for model validation. This technique is efficient with respect 
to accuracy and prediction by reducing the overfitting and computational 
complexity. The efficiency of the proposed model has to be assessed by gath-
ering huge datasets with security features of high dimension in IoT security, 
thereby measuring its efficacy at the application level in cybersecurity so that 
the performance can be further improved. Similarly, this study9 introduced a 
new framework named multistage optimized network IDS on the basis of ML 
that minimizes the computational complexity. Concurrently, this technique 
sustains its performance in detection. Initially, the effect of oversampling 
methodologies on the training sample size of the model is reviewed. Then, 
the proper training size to detect intrusion efficiently has been determined. 
Various hyper-parameter optimization methodologies have been examined 
to improve the performance of network IDS and confirm its robustness and 
effectiveness. The proposed methodology has been evaluated using two 
recent traditional ID datasets named UNSW-NB 2015 and the CICIDS 2017 
dataset. Several evaluation metrics such as precision, accuracy, false alarm 
rate (FAR), and recall have been utilized to evaluate the performance of the 
proposed system. The results explored that information gain-based feature 
selection (IGBFS) accomplished effective detection accuracy in comparison 
to the traditional method. This study presented some recommendations to be 
implemented in the future. Deep learning (DL) classifiers can be utilized as 
they perform effectively on high-dimensional and nonlinear datasets. The 
influence of integrating unsupervised and supervised ML techniques has to 
be examined and this will confirm its significance to detect new attacks. 
Likewise, a symmetrical combination has been proposed that comprises ML 
techniques and a knowledge-based strategy to construct a hierarchical IDS to 
assist in detecting the severity of zero-day attacks and existing kinds.10 The 
results explored that the proposed technique outperformed other traditional 
techniques with respect to recall, FAR, and precision. This approach has 
to be extended to achieve dynamicity with respect to various new network 
attacks and make correct decisions for retraining the accessible prognostica-
tion models.12
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Employing new methodologies is significant to enhance the performance 
of IDS in recent data networks due to the increase in cyber-attacks. An 
interactive three-dimensional strategy has been introduced12 to analyze the 
network IDS datasets in addition to ML outcomes. The study intended to 
afford a visual data representation from the network IDS dataset in a way that 
exposes a geometric association of the data records among varied network 
traffic. Various ways for ML misclassification have also been examined from 
a visual viewpoint which explored the efficiency of the proposed approach 
to identify the clusters and patterns in data. Though the proposed system 
showed valuable results, a few areas are to be considered in the future. Other 
ML techniques and dimensionality reduction must be focussed. In addition, 
network traffic has to be visualized in real time to permit users to analyze 
the incoming network traffic. In addition, a focus has been given to enhance 
the IDS interpretability.13 The proposed framework generated interpretation 
outcomes which were found to be reliable with the features of particular 
attacks. The outcomes have also been found to be intuitive. Moreover, the 
proposed system has various demerits that are to be rectified to enhance 
its efficacy. The proposed technique has to be employed on many datasets. 
The practical application of the proposed solution in real time has not yet 
been executed. This study has to explore various sophisticated attacks. 
Correspondingly, an ML technique for detecting intrusion information has 
been proposed.14 Elman neural network (ENN) merits and noise removal of 
SVM are completely utilized. Later, it combined both to find a solution for 
the safety risks of information system ID to assure the information system 
security. In addition, various challenges are faced by IDS technology. The ID 
speed has to be enhanced to satisfy the network communication requirements. 
The false positives (FP) and false negatives (FN) have to be minimized in the 
IDS to enhance accuracy and safety. The IDS’s interactive performance has 
to be enhanced to assure system safety. On the other hand, various deep rein-
forcement learning (DRL) algorithms have been explored for ID by utilizing 
a labeled dataset.15 This study also explored the various ways to execute 
supervised learning on the basis of the proposed framework. The proposed 
system has been analyzed to validate its efficiency. From the results, it has 
been found that the classifier attained from the proposed framework is faster 
than traditional models. Thus, the proposed method outperformed other 
techniques that proved the outstanding performance of the introduced meth-
odology. The application of the new DRL algorithms has to be examined, 
particularly in the context of multiagent as well as adversarial models. This 
can be applied to the ID issues.16 This analysis is yet to be done. Hence it is 
a drawback.
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13.2.1 SIGNIFICANCE OF ML FOR ID

Securing the network is important due to rapid development in the usage 
of cyber networks and various applications being run on it. Hence, IDS is 
becoming a vital tool to afford high security in the network environment. 
There are various IDS challenges such as false detection, misinterpretation, 
deficiency in real-time response, and so on. At present, the computing power 
of machines led to the development of various technologies such as ML. The 
ML classifiers have the ability to boost the system's robustness and accuracy. 
Due to these merits, they are significant and are being employed to report 
several attacks for enhancing security. Various ML algorithms have been 
comparatively analyzed.17 These algorithms comprise naïve Bayes (NB), RF, 
SVM, and K-nearest neighbor (K-NN). The comparative analysis revealed 
that RF had been found to be efficient than all other algorithms that are 
considered for comparison. This RF effectively determined the classification 
and prediction of varied kinds of data packets as if it is an encrypted or 
normal packet. In addition, it determined the encrypted malicious or normal 
malicious packet. This study concluded that DL algorithms can be applied 
in the near future to enhance the accuracy and performance of classification 
and recognition of varied packet types that are transferred over a network.18 
Various existing studies used several methods for ID. Accordingly, an 
anomaly-based IDS system has been proposed that integrated (hybrid) two 
supervised ML algorithms, namely CART and RF.19 Here, RF has been utilized 
for feature selection, whereas CART has been utilized for classification by 
finding various kinds of attacks. Results showed the efficacy of the introduced 
method than traditional methods. Yet, oversampling is to be performed to 
enhance the training instances of backdoor, analysis, shellcode, DOS, as well 
as worm attacks. Accomplishing oversampling will have various positive 
impacts on the performance of the model. The dataset utilized in this study 
will be balanced. This will increase the proposed model’s performance. 
Furthermore, various DL and ML algorithms have been executed as IDS in 
the study.20 A dataset named Coburg Intrusion Detection Data Sets (CIDDS)21 
has been utilized as a standard dataset. Under-sampling has been performed 
to balance the datasets in a way that makes every class possess a similar count 
of data. The results explored the effective performance of the proposed model 
in independent testing and tenfold cross-validation. Moreover, convolutional 
neural network (CNN) and CART with embedding accomplished slightly 
effective performance on the utilized dataset in comparison to the traditional 
models. The outcomes exhibit the efficacy of both techniques in ID.
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As ID is significant, the study22 introduced a feed-forward neural network 
(FFNN). The method proposed has been subject to analysis through compar-
ison to previous works. The outcomes revealed the effective performance 
of the proposed technique with an accuracy of 99% and FPR less than 0.5. 
ID on the CICID 2017 dataset might be further enhanced. Additionally, it 
should be noted that Supervised Learning possesses the capability to solely 
identify intrusions that exist within the given dataset. Whereas, unsupervised 
learning can detect new attacks. So, there is a need to adopt unsupervised 
learning techniques. Additionally, an IDS that utilized PCA along with RF 
has been explored.23 Both of these techniques worked for a specific purpose. 
PCA afforded granularity in data. The RF assisted in the classification of the 
nodes to predict the attacks. The attained outcomes state the effectiveness of 
the proposed methodology with respect to accuracy in comparison to other 
methodologies, namely NB, DT, and SVM. Similarly, various ML classi-
fiers have been presented to detect their performance in ID. The used ML 
classifiers include K-NN, multilayer perceptron (MLP), LR, NB, SVM, RF, 
DT, and ExtraTree Classifier (ETC). The performance has been validated on 
the NSL-KDD dataset.24 Initially, the dataset has been pre-processed. The 
model has been trained and tested on the basis of significant attributes. The 
experimental outcomes explored that every classifier produces promising 
outcomes for the DoS attack. The study has to further focus on a viewpoint 
of employing optimization methodologies to offer efficient IDS. On the other 
hand, the paper25 employed a DL strategy to classify the network traffic data 
in IDS. In the early study, long short-term memory (LSTM) has been utilized 
for data classification. Followed by this, LSTM and CNN layers have been 
integrated. NSL-KDD dataset has been used. The proposed CNN-LSTM has 
been compared with the traditional methods. The results show the efficient 
performance of the proposed method with respect to minimum FPR and 
maximum accuracy than the traditional methods for detecting intrusion.26

13.2.2 ML TECHNIQUES FOR ID: FEATURE SELECTION AND 

CLASSIFICATION

Feature selection utilized in IDS assists in minimizing the classification time. 
Thus, efficient classification of ID can be accomplished. An IDS has been 
designed for the network through the use of feature selection and classifica-
tion techniques. This is done by reviewing the combinations of major popular 
feature selection methodologies as well as classifiers.27 The study afforded a 
strategy regarding the exact feature selection methodologies to be integrated 
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with a classifier to accomplish accurate network ID. Various feature selec-
tion methodologies were focussed such as correlation-based feature selection 
(CFS), principal component analysis (PCA), information gain ratio (IGR), 
as well as minimum redundancy and maximum relevance feature selection 
methods. Moreover, the classifiers that have been considered include NB, 
SVM, NN, K-NN, and DT. The results showed that maximum accuracy is 
accomplished by the combination of IGR with K-NN. From the results, it has 
been concluded that the IGR and K-NN can together be utilized to design 
an efficient IDS. Various ML algorithms have been analyzed on IDS for 
using cybersecurity data.28 Several popular ML classification methodologies 
have been employed to resolve it. The used ML classification algorithms 
comprised NB, DT, RF, Bayesian Network (BN), Random Tree (RT), ANN, 
and Decision Table (DT) to afford intelligent services in cybersecurity, 
specifically for ID. Lastly, the efficiency is tested by undertaking several 
experiments on cybersecurity datasets. It comprises various cyber-attack 
categories. The efficiency is evaluated by computing various performance 
metrics such as recall, precision, accuracy, and F1-score for these ML-based 
IDS models. It has been found that the RF-based IDS model showed consis-
tent performance in comparison to other classifiers for ID. The cybersecurity 
dataset has to be extended in the near future. The study also plans to adopt a 
data-driven IDS for automated security services. Additionally, a supervised 
ML model has been developed.29 It has the ability to classify the hidden 
network traffic on the basis of the learning achieved from the viewed traffic. 
ANN and SVM have been utilized to determine the efficient classifier with 
maximum success rate and accuracy. The examination of the outcomes 
exhibits that the model constructed using wrapper feature selection and ANN 
performed better than the traditional models. The detection rate has been 
found to be 94.02%. Detecting a zero-day or new attack remains a challenge. 
This happens due to the high FPR of the conventional systems. Similarly, 
software software-defined network (SDN) has been described as a platform 
to execute network IDS with DL or ML strategies outstretches of traditional 
review works.30

MLs have been utilized for misuse, hybrid, or anomaly detection strategy 
with a clear analysis of their ability to detect attacks.31 Multiple classifiers 
have been taken into account. It consists of various ML algorithms within it 
while detecting intrusions and learning. A classifier set has been integrated 
to afford a common result for ID. A stacked ensemble learning model for 
network ID has been introduced by utilizing RF and gradient boosting 
machine (GBM) algorithms.32 The introduced technique combined the 
features of RF and GBM classifiers. It also afforded efficient performance 
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in comparison to other ensemble techniques such as boosting and bagging. 
Numerous ML techniques for ID have used stacked ensemble learning 
classifiers. However further work needs to be done by the analysis of 
probabilistic, DT, rule induction-based and nonprobabilistic classification 
algorithms and these have to be combined as an ensemble to accomplish 
better performance.33Numerous ML algorithms (DT, Bagging Tree (BT), 
XGBoost, RF, Bayes Net (BN), NB, SVM, EM, AdaBoost, K-means, and 
DBSCAN) have been reviewed by training as well as testing34 on the dataset 
with respect to Area under Curve, Matthews correlation coefficient (MCC), 
and accuracy. The analytical outcomes reveal that the tree-based techniques 
accomplished high accuracy of 97% and XGBoost ranked the topmost by 
performing better than other methods and expectation maximization (EM) 
accomplished high accuracy. Yet, the study has to be extended by consid-
ering unsupervised techniques.35

13.2.3 EFFICIENCY OF VARIOUS ML TECHNIQUES FOR ID

Various traditional systems have used several ML techniques for ID. To 
enhance the IoT security, the study36 have explored various intelligent 
methodologies. These methods have been applied for securing the 
computer networks (CN) and specifically in ID to accomplish effective 
recognition rates in ID. Yet, FPR seems to be a problem in many studies. 
This study explored the FPR issues in various other papers. Though few of 
the methodologies minimize FPR, they fail in terms of classification and 
training time. On the contrary, few methods perform inversely. This means 
the FPR is stabilized. Whereas the training cost and the testing cost gets 
increased. Thus, real-time implementation for ID is essential. All these 
issues have to be rectified to minimize the workload of security analysts. 
Thus, the article37 proposed an Active Learning IDS-ML algorithm that 
employed active learning for ID. The algorithm has been introduced to adapt 
to certain threats against ML algorithms. It has been concluded that selective 
unlabeled data sampling for a human expert to perform classification can 
lead to effective labeling on huge datasets. This revealed a resilient strategy 
for ML. The methodology resolved issues associated with data evasion and 
tampering. Various ML algorithms have also been considered to evaluate 
its efficiency in ID.38 These methods include RF, Decision Table, NB, BN, 
J48, and Random Tree (RT). The study used KDD databases that comprised 
certain attacks such as R2L, DOS, PROBE, and U2R. The results explored 
that all the selected ML classifiers had the ability to construct their training 
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models within sufficient time, whereas MLP has been found to be the only 
technique that failed to accomplish it. Moreover, the average accuracy rate 
and True Positive (TP) were insufficient for ID. FPR and FN must also be 
taken into account. Additionally, a complexity and statistical analysis of 
the CIDDS-001 dataset has been explored.39 Unsupervised and supervised 
ML techniques have also been used to examine the dataset complexity 
with respect to renowned performance metrics. The outcomes explored 
that DT-, RF-, K-NN-, DL-based classifiers and NBs have been utilized to 
develop an effective network IDS. The study concluded the suitability of the 
utilized dataset for assessing the anomaly-based network IDS. Moreover, 
this dataset has to be compared with the traditional benchmarking datasets 
in the near future. Various classification algorithms have been evaluated to 
find an efficient classifier capable of showing high classification accuracy 
with minimum execution time.40 A UNSW-NB15 dataset has been applied 
to validate the efficacy of varied detection algorithms by the use of Apache 
Spark. The detection algorithm has to classify the incoming network traffic 
as an attack or normal by considering all the features of every network traffic 
pattern. The analytical outcome explored that the RF classifier showed 
efficient performance with respect to sensitivity, accuracy, execution time, 
and specificity. Various feature selection methods have to be considered to 
minimize the feature counts utilized for detection.41 Likewise, an adaptive 
ensemble learning model has been introduced that has the ability to 
incorporate the merits of all the algorithms for varied data detection kinds, 
thereby accomplishing optimal outcomes via ensemble learning.42 The 
ensemble learning has a merit that integrates the predictions of various base 
estimators for enhancing robustness and generalizability over an estimator. 
NSL-KDD dataset has been utilized. Few typical algorithms such as RF, 
deep neural network (DNN) and DT have been utilized for training the 
model. Adaptive voting, as well as multitree algorithm, have also been 
introduced to enhance the impact of ID. The analytical outcomes revealed 
that the Multi-tree algorithm showed 84.2% accuracy and adaptive voting 
system accomplished 85.2% accuracy.43

13.3 COMPARISON OF DIFFERENT ML METHODS FOR 
INTRUSION DETECTION

Table 13.1 shows various ML techniques, utilized by the traditional systems 
for ID to enhance system security.
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TABLE 13.1 Various ML Techniques for IDS—A Comparative Analysis.

Sl. no. Author ML technique Merits/demerits

1. [7] A security model has been proposed 
on the basis of machine learning 
(ML) named Intrusion Detection 
Tree—IntruDTree.

The proposed technique showed efficient outcomes with respect to accuracy and 
prediction by reducing the overfitting and computational complexity.

The methodology has to be applied to a huge dataset to find its extreme efficacy, 
which is a drawback. 

2. [8] The study introduced a new frame-
work named multistage optimized 
network IDS on the basis of ML.

The introduced framework minimizes the computational complexity and sustains 
its performance in detection.

The study has not examined the influence of integrating unsupervised and 
supervised ML techniques as this is needed to confirm its significance for 
detecting new attacks.

3. [9] A symmetrical combination has 
been proposed that comprises ML 
techniques and knowledge-based 
strategy.

The presented technique outperformed other traditional techniques with respect to 
recall, FAR, and precision.

This approach requires a further extension for accomplishing dynamicity with 
respect to various new network attacks and making necessary decisions for 
retraining the accessible prognostication models.

4. [11] An interactive three-dimensional 
strategy has been introduced to 
analyze the network IDS datasets. 

The discussed approach is efficient in identifying the clusters and patterns in data.

The study lacks real-time implementation. 

5. [14] Various deep reinforcement learning 
(DRL) algorithms have been 
presented to ID by utilizing a labeled 
dataset.

The classifier attained from the proposed framework is faster than traditional models.

The study has not examined the application of new DRL algorithms, particularly 
in the context of multi-agent as well as adversarial models, as it is more applicable 
to the ID issues. 

6. [16] NB, RF, K-NN and SVM RF effectively determined the classification and prediction of varied kinds of data 
packets as if it is an encrypted or normal packet. In addition, it determined the 
encrypted malicious or normal malicious packet.
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Sl. no. Author ML technique Merits/demerits

7. [18] Classification and Regression Trees Oversampling is yet to be performed to enhance the training instances of 
(CART)-Random Forest (Hybrid) Backdoor, analysis, shellcode, DOS as well as worm attacks.

8. [21] The study introduced a feed-forward Unsupervised learning techniques must be used in the study since they are 
Neural Network (FFNN). essential for finding zero-day attacks.

TABLE 13.1 (Continued)
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From Table 13.1, various ML techniques have been used by traditional 
systems such as IntruDTree, multistage optimized network IDS, knowledge-
based strategy, interactive three-dimensional strategy, DRL algorithms, NB, RF, 
K-NN, SVM, CART-RF (hybrid), and FFNN. All these techniques have their 
own advantages and disadvantages. This study encountered the most common 
demerits. They are as follows. Several studies lack real-time implementation. 
The techniques have not been applied to large datasets. They have also not 
considered unsupervised ML as it is significant to detect new attacks. Thus, all 
these are needed to effectively detect intrusion and enhance system security.

13.4 RESULTS AND DISCUSSION

Here, a thorough summary of the notable studies’ primary contributions is 
provided. The study proposed a two-stage cross-layer-based IDS. This study 
has selected a detection threshold for partitioning the malicious and normal 
nodes. The accuracy of this implementation afforded 98%. However, it has 
been affected by FPR as well as detection process in the initial stages of 
computing fitted slope.1 Thus, the study provided a suggestion to overcome 
this by adaptive feature selection process3 at individual reporting time so as 
to enhance the performance as well as afford better differentiation amongst 
malicious and benign nodes at the initial fitted slope stages. Additionally, 
examining the influence of integrating unsupervised and supervised ML 
methods might confirm paramount significance in this area for novel attack 
detection. Hence, this paper41 considered NSL-KDD dataset and examined the 
existing issues in the ID area and introduced an adaptive ensemble learning 
model. It adjusted the training data and constructed multiple DTs (Decision 
Trees) for building the Multi-Tree algorithm. To enhance the overall detec-
tion impact, the paper selected various base classifiers that incorporated RF, 
DT, DNN, and KNN. The validation of the system was carried out using the 
NSL-KDD dataset. It revealed the accuracy of the proposed Multi-Tree as 
84.2% and adaptive model showed 85.2% as accuracy. The ensemble model 
proposed in this study has been found to be more efficient than the traditional 
systems in terms of enhancing the accuracy of detection. Data analysis has 
also been carried out that exhibited the significance of data feature quality 
to find the effect in detection. Furthermore, the study have to enhance the 
preprocessing and feature selection of ID to accomplish efficient outcomes.26

Most of the existing studies intended to minimize the computational 
complexity. Accordingly, the article7 exhibited a security model based 
on ML named IntruDTree. The importance in modeling have been taken 
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into account to rank the security features. The outcomes explored that the 
proposed security model minimized the computational complexity. This 
study provided ways for further studies that could evaluate the efficiency 
of the proposed model by gathering huge datasets possessing high security 
feature dimensions in IoT and evaluating its efficacy at the application 
level in cybersecurity. Similarly, a multi-stage optimized network IDS has 
been employed to mainly minimize the computational complexity thereby 
detecting attacks.8 This paper researches the influence of oversampling 
methods on the sample size of the training model and finds the appropriate 
sample size for training. Besides, varied ML hyper-parameter optimization 
methods have been examined to improve the performance of network IDSs. 
The analytical outcomes revealed that the proposed system minimized the 
computational complexity with 99% as accuracy for attack detection.

Existing research4 utilized ML algorithms namely CART, RF, and 
LDA for detecting intrusions. This study has been tested through the use 
of KDD-CUP dataset. The implementation of the introduced models for ID 
explored that RF showed efficient accuracy of 99%. However, the study 
have to comprehensively review ML algorithms for providing effective 
solution by taking into account the real-time dataset. On the other hand, the 
cybersecurity experts have to optimize the decisions in accordance with the 
model assessment.12 To resolve this, the study introduced SHapley Additive 
exPlanations (SHAP) and integrates global as well as local explanations for 
enhancing the IDSs interpretation. This proposed framework can assist the 
cybersecurity staffs possess a clear understanding about IDSs. The study 
suggested that using a real-time dataset will help to find the efficiency of the 
proposed algorithm in a better way.

Traditional paper used MLP on modern dataset to detect attacks.21 
CICIDS2017 comprise of intrusion attacks as well as traffics which indicate 
the present network usage. These steps have been detailed from data analysis 
to neural network (NN) tuning. Subsequently, existing studies on this dataset 
have been examined and their performance have been compared with the 
empirical outcomes. The results explored the efficacy of the proposed system 
in detecting attacks than the NN used by the previous studies.5

From the analysis, it is found that most of the studies provided common 
suggestions to be considered in future to increase the system efficiency. The 
present study found that these suggestions have been explored by many 
studies through analysing the existing systems. It is suggested to use real-
time dataset, unsupervised ML algorithms, considering huge datasets and 
taking various features into account. Thus, this study have explored the 
significant suggestions to be considered in future for accurate ID.
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13.5 CONCLUSION

In this study, various ML algorithms used by the traditional systems 
for ID have been analyzed. Various feature selection and classification 
algorithms for ID have been specifically reviewed that include NB, RF, 
K-NN, SVM, LR, MLP, CART, ETC, IGR, and CFS. It is found that all 
the ML algorithms possess their own merits and demerits. The existing 
methods were able to detect intrusions with a better accuracy. These 
studies have also provided suggestions for further improvement. Most of 
the studies suggested common specificities. Due to the rapid development 
in technology, new attacks are emerging and an effective design of ID 
is needed to detect zero-day attacks. Hence, it is significant to consider 
all the suggestions provided by the existing study for accurate ID. These 
studies mainly explored to consider unsupervised ML algorithms, high 
dimensional security features and implementation of ML algorithms 
on large dataset. Feature selection is the significant process needed to 
enhance the accuracy of the classification process that directly impacts 
the ID. On the other hand, real-time implementation helps to increase 
the system accuracy and considering huge datasets will make the system 
more effective. In addition, unsupervised ML is also significant to detect 
zero-day attacks. Hence, this study explores the common and significant 
measures to be considered for increasing the efficiency of the system in 
ID and concludes that all these suggestions will assist a network security 
expert to increase the system efficiency and select the suitable structure 
during the design of IDS.
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CHAPTER 14

ABSTRACT

Every day, millions of digital images are being generated and stored in the 
cloud. To free up space and give one another access to their confidential 
information from everywhere on any gadget, thousands of users have 
switched to the internet for hosting their confidential information. However, 
the privacy and security of private information can only be based on the 
dependability of the company that provides the cloud service. Most of the 
public cloud service providers do not assure data security and privacy. To 
guarantee data privacy and security, one must move to a private cloud. Also, 
higher data storage cost, access restriction, and data privacy are the major 
concerns in cloud platforms. Work in this regard has been achieved but with 
a minimalistic approach. This paper studies the technical challenges that 
come with constructing a cloud-based image processing system. We have 
explored various image processing tasks such as compression, which helps 
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to minimize storage cost, and fragmentation which helps to store images in 
chunks and provide extra security layers. To assess the system’s efficacy, we 
ran a number of comprehensive research projects.

14.1 INTRODUCTION

In today’s world, cloud is the major trend for data storage in a distributed 
way to overcome usage costs. The typical system uses heavy charges for 
both data usage and storage in their physical locations. Cloud computing is 
an approach that stores the data virtually in the storage system. This helps 
the user to avoid storage space and they can use it at anytime from anywhere. 
The cloud also helps to work efficiently for certain data access from multiple 
stations. The complexity of data storage is decreasing as researchers work 
on it. Services given by various organizations for data storage are easy with 
the cloud.1,2,6

Cloud computing is a system where loosely coupled data is used but the 
organization should know the correctness of the use; data correctness is the 
highest priority for any organization. In a system, different authorized users 
have been allowed to access cloud storage, but everyone has some restric-
tions.13–15 The system should work efficiently but the system administrator 
is responsible for access control. Personal data security is a major concern 
while storing or transferring the data. Every activity should be passed through 
a secure manner as it is open storage and open to access for any users from 
the cloud. A restriction has been provided with the responsibility and give 
and take of data for a particular use; to restrict data usage, several methods 
have been introduced that cloud administrators can use. Restrictions can be 
imposed based on user role.3,4

Data storing capacity of the cloud provides great significance to users. The 
user will not care about data storage locations physically and the capacity or 
expenditure required for that. In the system, the user has no concern with the 
data-storing hardware requirements to execute the operation. Well-known 
examples of cloud systems are Amazon and Azure cloud. The users are free 
from the responsibility of local users to store the data. The overhead of data 
security is completely removed once the system is deployed over the cloud. 
In the user’s aspect, even if he uses the cloud security model for data security 
priority should be higher.6,9 In a cloud the security concern is because of the 
external attacks on the cloud data which leads to adulterating the content of 
data and violates the integrity of cloud storage. As the data correctness is 
not provided by most of the cloud individual users should worry about data 
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integrity.5,11 In response to the problem of security, some mechanism should 
be there to tackle the problems of security and provide meaningful architec-
ture. In a mechanism, the data should be free from the risk of interactions 
with any cloud users. In response, the method has included the cryptography 
mechanism with significant modifications.20–22

Data over cloud can be accessed by any user with appropriate permission. 
Many cloud service providers offer data backup but do not ensure the security 
of data. Cloud-based services offer third-party storage; these third-party 
storage companies will not guarantee data privacy and security if one uses 
those services for free, also they can share one’s personal data for financial 
gain. In the public cloud, organizations do not have complete command over 
their data. To get full access, one must purchase private cloud. In terms of 
privacy of data, data owners must be assured of data privacy and data access 
control.12,15

Various modern cloud platforms can save businesses money by providing 
free services such as storage. Free cloud storage allows users to store a 
limited amount of data so as new data is generated, one must upgrade storage 
space and might have to pay hefty fees.16,21

To achieve minimum storage cost, we are compressing the data before 
uploading it over the cloud; data compression is done in such a way that the 
quality of digital media will not degrade. Here as per the result evaluation, 
we have saved up to 60% of storage cost. To provide security to the data we 
are fragmenting data into chunks and then encrypting those chunks using an 
asymmetric key encryption algorithm that is RSA. The Owners private key 
will encrypt the generated chunks and the owner’s public key will decrypt 
the chunks. Here we are providing two layers of security by fragmenting a 
single file into chunks and then encrypting those chunks. Our test findings 
demonstrate that the recommended approach delivers excellent safety at a 
minimal cost of maintenance.8–10

14.2 RELATED WORKS

a. Fast access to the cancellation and secure transfer of data across 
untrusted networks

b. Secure data sharing
It is a novel conceptual approach that reinforces data confidenti-

ality, transmission, and sharing, and its architecture consists of a data 
owner, multiple end users, and two storage providers, because they 
may be incredibly prone to outside hostile assaults; this writer made 



246 Applied Soft Computing Techniques

the assumption that storage suppliers are unreliable in this instance. 
It is also believed that user-to-user communication paths could be 
vulnerable to a man-in-the-middle attack.22,23,28

The data owner uploads data into a set of fragments, while trans-
ferring data it gets encrypted and the author uses symmetric encryp-
tion. The data transfer is (AON) type that is all or nothing type. It 
means that all the fragments are required to decrypt in the encrypted 
fragments. These fragments are then stored in two different cloud 
storage. Encryption keys are shared among respective users but not 
to cloud providers. Users can then access outsourced data from two 
different clouds and decrypt the fragments with the key7,26,27

c. Fast access revocation
Fast access revocation adopted the Mix Slice approach. This 

approach re-encrypts the random fragments of the outsourced data, 
and a new key is generated for re-encryption. This new key is then 
distributed to only those users who have access to the resource, after 
this access to the resource gets revoked for only those users who 
possess old keys; in this way, users with old keys will not be able to 
reconstruct the data.8,9,17

Protected storage in the cloud with owner-side integrated cloud-side 
access management combination. Cloud storage has three entities: data 
owners, data users, and the cloud provider.

• Data owner

Data proprietors are responsible for data publishing over the cloud and 
recompense for the source depletion and publisher of files.

• Data users

These users are authenticated by cloud service providers, and these are users 
who download the data uploaded by owners.

• Cloud provider

It provides services such as user authentication and resource storage and 
sharing. In this scenario, the cloud is not publicly accessible as users must be 
authenticated before downloading the data.

Here data owners are not always online so in order to restrict resource 
consumption, the system provides an option for data owners to specify a 
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TABLE 14.1 Gap Analysis on the Existing Methodologies.

Sl. no. Title Methodology Gap analysis

1 “Secure Data Sharing with 
Fast Access Revocation 
through Untrusted Clouds 
(IEEE 2019)”

The author proposed a plan for document distribution among 
data owners and other consumers without breaking the security 
and privacy barriers, the system is designed to store data over 
untrusted cloud storage providers. All or Nothing (AON) 
methodology is used to transform data, before uploading data over 
the cloud it gets fragmented and distributed on two separate clouds 
by this way no cloud service provider has users’ entire data so the 
dishonest or untrusted cloud service provider cannot read the data, 
not only the fragments are generated it also encrypt the newly 
generated fragments. 

The author does not used any 
third-party auditing scheme.

No storage optimization.

2 “SecACS: Enabling 
lightweight secure auditable 
cloud storage with data 
dynamics. (Elsevier 2020)”

The author proposed a “Secure Auditable Cloud Storage 
(SecACS) scheme” supportive document dynamics. The author 
used lightweight cryptographic operations to cut down compu-
tational time. The author preferred symmetric key encryption 
algorithm. Evaluated results demonstrations that the proposed 
organization is faster in relationships of outsourcing the data and 
data integrity verification.

Although certain open-source 
cloud-based storage platforms fail 
to protect customer files, researcher 
research demonstrates that the 
system is designed for preserving 
consistent data and demonstrates 
that the technology is probably safe.

3 “An ID-Based Privacy-
Preserving Integrity 
Verification of Shared Data 
Over Untrusted Cloud (IEEE 
2020)”

Focuses on the security issues while auditing the shared data. 
In this paper, every user is provided with special ID and data is 
shared based on that ID. System allows to create a group of users 
where they can share data within the group. All users in the group 
can update, delete and insert new block into the data, misbehaving 
user can be identified easily, cloud system admin can easily 
revoke the rights of misbehaving users, while auditing the data 
cloud maintains the privacy of data from the public verifier.

Research of the technology shows 
that it performs accurate data 
confirmation, however personal 
files on cloud servers are not 
safeguarded.
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Sl. no. Title Methodology Gap analysis

4 “A Secure Data Dynamics In this study, an independent monitoring methodology is No provision for storage cost 
and Public Auditing Scheme suggested as a secure public reporting architecture. The paper’s minimization
for Cloud Storage. (IEEE writer mainly concentrates on the system’s dependability in terms 
2020)” of protecting private information and upholding data consistency. 

The author employed the RSA algorithm for key encoding, the 
256-bit AES technique for encrypting information, and SHA for 
integrity of data verification.

5 “Improving Security Data Proposed paper focuses on collusion attacks, the author proposed Takes too much time to complete 
Access Control for Multi- a data access control protocol for multi-authorized cloud the owner’s process and no provi-
Authority Cloud Storage storage called “improving security data access control scheme” sion to check data integrity.
(IEEE 2019)” (ISDAC-MACS)

6 “Privacy-Preserving Public Author suggests an unrestricted reviewing framework for No provision for storage cost 
Auditing Scheme for maintaining data concealment, here users are dependent on minimization
Data Confidentiality and third-party auditor for auditing. Author proposed special log called 
Accountability in Cloud attestation where hash value is generated using user pseudonym to 
Storage (IEEE 2019)” preserve users’ privacy

TABLE 14.1 (Continued)
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maximum number of downloads for specific users.29,31 This is implemented 
by using partially outsourced protocol (POP) and fully outsourced protocol. 
In partially outsourced protocol owner challenges user verification before 
giving access to the data and in fully outsourced protocol cloud service 
provider challenges of user verification. Framework CP-ABE is a public key 
encryption scheme for access control.18–20

14.3 DESIGN AND IMPLEMENTATION

We proposed a constructive and de-coupled data-sharing framework. It 
provides privacy to user’s data by restricting other users to access data. Only 
owner-approved users can access the data. Our main goal is to provide data 
security and maintain minimum storage costs. We are using a data fragmen-
tation methodology rather than storing the whole file on a cloud server. We 
are dividing the file into several chunks and the file gets reconstructed on 
demand if the owner approves a user request to access the file.

14.3.1 OWNERS PROCESS

The person who has ownership of the information oversees publishing it to 
the server in the cloud and may share it with other users upon permission. 
Data owners can define a set of rules as to how different users can access the 
data depending on their roles. Uploaded data goes through three processes: A 
document initially gets condensed after which it is divided up into multiple 
blocks. Metadata concerning the created chunks is then recorded in a log file, 
and it is subsequently encrypted and kept on an online server.

14.3.1.1 COMPRESSION

This module reduces storage size by half taking pictures as input and 
compressing them using the Discrete Cosine Transform (DCT) algorithm.

We employ DCT due to it is straightforward to compute, segmented (you 
may create many DCTs of rows and columns), that has “power integration” 
characteristics.12,30 DCT performance is best described as:

• Image 2RLE reads the image and performs the DCT, using the simula-
tion (Q-Matrix derived from the standard JPEG matrix obtained from 
the visual and visual test) and encoding using Run Length Encoding.
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FIGURE 14.1 Proposed system.

• The encoded data is saved into your request for the smaller bits of the 
original image.

• RLE2image reads previously saved text file and then decodes the 
encoded bits to construct new image with reduced physical storage 
size to disk.

Algorithm: Data Compression

Data: String path (Original Image Path)

Result: String Path’ (Compressed Image path)

1. ImageCodecInfo jpgEncoder = GetEncoder(ImageFormat.Jpeg);

2.  System.Drawing.Imaging.Encoder QualityEncoder = System.
Drawing.Imaging.Encoder.Quality;

3. EncoderParameters myEncoderParameters = new 
EncoderParameters(1);

4.  EncoderParameter myEncoderParameter = new EncoderParamete
r(QualityEncoder, quality);

5. myEncoderParameters.Param[0] = myEncoderParameter;

6. bmp1.Save(Path’, jpgEncoder, myEncoderParameters);

14.3.1.2 CHUNK GENERATION (FRAGMENTATION)

This module fragments the image into pieces, after fragmenting the whole 
file into pieces information about created pieces is stored in a special log 
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file. The file contains all the data associated with newly generated fragments. 
This log file is also stored over the cloud.

Algorithm: Data Fragmentation

Data: Image I

Result: byte[] Fragmented image, File log

1. Read(I)

2. int image_size = fileByteArray.length

3. byte[] subchunksize = image_size / number_of_fragments

4. Save subchunksize

5. Save subchunksize in log file

14.3.1.3 METADATA ENCRYPTION

We use AES to encrypt a metadata file instead of DES

• AES is much faster than DES almost 3 times faster.
• Triple-DES is easier to crack than AES.

Algorithm: “Log (Metadata) Encryption”

Statistics: Fragmented Arrangement fs, key

Result: Encrypted Fragmented Sequence byte[] cipherBytes

1. foreach fragment in fs

2. final Cipher cipher = Cipher.getInstance(this.algorithm);

3. cipher.init(Cipher.ENCRYPT_MODE, key);

4. cipherBytes = cipher.doFinal(fragment);

5. Write(cipherBytes, path);

6. End foreach

14.3.2 USER PROCESS

14.3.2.1 DATA RECONSTRUCTION

The information reconstruction component oversees putting together photo-
graphs from various fragments that the individual in question originally 
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uploaded onto the internet. This component locates the actual locations of 
the broken chunks and then uses a file with metadata to integrate them before 
sending the specified images to the individual who requested it.

Algorithm: Data Defragmentation

Data: byte[] Fragmented image I’

Result: Image I

1. foreach fragment in I’

2. byte temp = Read(I[index])

3. I.BufferWrite(temp)

4. Write I

5. End

6. return I

14.3.2.2 DECRYPTION

We require a series of pieces prior to reconstructing an image file. A metadata 
file in compressed form is assembled and contains knowledge about the 
components. The encrypted information file is thus decrypted by cryptographic 
techniques and then sent to this information reconstructing mechanism.

Algorithm: Log Decryption

Data: Encrypted Fragmented Sequence Metadata File, Cipher key

Result: Plain Fragmented Sequence Metadata File F

1. Cipher cipher = Cipher.getInstance(RSA);

2. cipher.init(Cipher.DECRYPT_MODE, key);

3. decryptedBytes = cipher.doFinal(cipherBytes);

4. return decryptedBytes;

14.4 RESULTS AND ANALYSIS

14.4.1 DATASET AND COMPRESSION ANALYSIS

For image compression implementation we can use any dataset like 
ImageNet which is a subset of Kaggle dataset, we do not need a labeled 
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dataset as we are not doing any object detection here, we are only reducing 
the current image physical size by more than 50% without visually reducing 
image quality.

We are using lossy compression, considering the image size is more than 
5 MB most of our images will be in JPEG format so we are using Transform 
Coding which is a most used method for compression. Initially, we were 
considering two standard compression methods either DCT or DFT but in 
the end, we zeroed down to the following DCT reasons.

In compressed image techniques including JPEG, DCT is preferred above 
DFT due to the fact that is a real transformation that yields simply one real 
integer per point in the data. In comparison, a DFT yields an intricate number 
that needs twice as much information to store.

• DCT is modest and quicker than DFT

“DCT”—a compressed file technique that is most frequently employed. The 
DCT, which belongs to a category of discrete cosine encodes (see discrete 
cosine inversion), is an example of Fourier-related transformation. It is 
usually referred to as “DCT-II” in this context. It is the least effective type of 
compression for images.

• DCT with quality factor

We did not use plain DCT rather we edited existing algorithm and added 
Quality Factor because we need to control the quality of the image and 
compressing image with a certain quality factor is a way to make sure we are 
not losing image quality.

14.4.2 EFFICIENCY ANALYSIS

We first measure the effectiveness of the suggested architecture in rela-
tion to the time required to complete the task of data compression and 
fragmentation because both tasks are heavy and consume time as per the 
size of the image. While compressing we found the middle ground in terms 
of image quality of the compressed file and size of the compressed file. 
We are compressing images with a quality factor of 0.2f which not only 
maintains image quality but also reduces storage size by more than 50%. 
As shown in Figures 14.2 and 14.3, there is no difference in terms of visual 
quality.
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FIGURE 14.2 Original image storage efficiency analysis.

FIGURE 14.3 Compressed image with QF of 0.2 f.

As shown in notation Table 14.1, storage allocation model is a “math-
ematical model” that is used to calculate statistics transfer, data per applica-
tion and storage cost, and storage allocation cost in cloud computing.
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TABLE 14.2 Notation of Storage Model.

St Allocated storage

Tr Data transfers from storage to web platform

DB
size

Database size in GB

DB
usage

Database accessed by per user

DB
req

Number of monthly storage requests in database for per user

PerReq
cost

Cost of each request from user

St
avg

Average storage cost

St
cost

Total storage cost

Tr
cost

Total transfer cost

Req
cost

Total request cost

 
     

 
  

cost cost cost

avg

St X Tr X Req
St

Total GB stored
=∑  (14.1)

   cost sizeSt DB X St=∑  (14.2)

      cost size usageTr Tr X DB X DB=∑  (14.3)

      cost req costReq St X DB X PerReq=∑  (14.4)

Our goal is to archive lower storage costs by reducing the data size by 
almost half without compromising the data or data quality. Data size reduction 
can reduce the transfer cost over the communication network. Minimizing 
data size can also maximize the storage allocation space.

Table 14.2 and Figure 14.3 show the comparative analysis of image 
compression with variant quality factor and time required for compression, 
as the quality factor increases image storage size increases, but the time 
required for compression decreases.

TABLE 14.3 Image Compression Time with Superiority Influence.

Image tag Novel size Compacted size Superiority factor Time to compress

butterfly.jpg 6.34 MB 196 KB 0.1f 865 ms

6.34 MB 306 KB 0.2f 783 ms

6.34 MB 434 KB 0.3f 797 ms

6.34 MB 551 KB 0.4f 791 ms

The variation among the disc space sizes of the initial picture and the 
compressed version is displayed in Table 14.3 and Figure 14.4. Statistics 
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indicate that the researchers were able to reduce the size of the images by 
over half of the initial size.

FIGURE 4.4 Image compression time.

FIGURE 14.5 Image compression time.
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TABLE 14.4 Image Compression Time.

Image Novel size (KB) Compressed Size (KB)

Image 1 1000 250

Image 2 2000 350

Image 3 3000 450

Image 4 4000 550

Table 14.3 and Figure 14.5 show the time required to fragment the image. 
Here the size of one fragmented chunk depends on the size of the image.

 Image chunk size = Image size ÷ Number of chunks (14.4)

Here size of image 1 is 250 KB then the size of one chunk if we must split 
the image into eight equal chunks, then 250/8 = 31.5

TABLE 14.5 Image Fragmentation Time.

Image Size (KB) Time (ms)

Image 1 250 80

Image 2 350 90

Image 3 450 100

Image 4 550 150

FIGURE 14.6 Image splitting time.



258 Applied Soft Computing Techniques

TABLE 14.6 Image Reconstruction Time.

Image Size (KB) Time (ms)

Image 1 250 80

Image 2 350 90

Image 3 450 100

Image 4 550 170

FIGURE 14.7 Image reconstruction time.

14.4.3 CORRECTNESS ANALYSIS

Utilizing the peak signal-to-noise ratio (PSNR) measurement, information 
precision is assessed. PSNR values are calculated in logarithmic (dB) scale. 
Logarithmic scale is a metric used to quantity the quality of any image 
reconstructed, with respect to its original image. The threshold value of good 
image quality is 20 dB and higher PSNR value indicates that the image is of 
higher quality. We have compressed the image with different quality factors 
and fragmented it after that and then reconstructed the same image. We 
found that the decrease in compression quality factor is directly proportional 
to lower PSNR value.



Data Compression for Achieving Cost-Efficient and Secure Data 259

TABLE 14.7 Quality Factor and PSNR Value.

Original image name Quality factor PSNR value

Image 1 0.1 30.554785018837

0.2 31.489643361814

0.3 32.727103347367

0.4 33.748332381816

FIGURE 14.8 Quality factor and PSNR value.

TABLE 14.8 Effectiveness Characteristic Assessment for Different Structures.

[1] [2] [3] Proposed

Auditability -   

Documents confidentiality    

Confidentiality stabilizing    

Parting of callings   - 

Data security  ‑ ‑ 

Low storage cost ‑ - - 

To assess the effectiveness of the approach, we first contrast three existing 
structures with the suggested plan, as given in Table 14.1. This contrast 
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demonstrates that the suggested approach provides every detail monitoring 
functionality.

14.5 CONCLUSIONS

We have outlined a framework in this work that focuses on secure data 
storage at a low cost while utilizing approaches from multiple fields. With 
this architecture, data owners can take advantage of data security and privacy 
with minimal communication costs. Data owners can also provide access 
restrictions over their data, that is only owner-approved users can access 
documents. Information breakdown, which essentially divides informa-
tion into numerous parts and stores metadata regarding the fractured bits 
in a log file that is later encrypted, is a strategy for achieving the security 
of information. To rebuild information, this log file is employed. Result 
analysis shows that we were able to achieve effectiveness and robustness 
while compressing, we managed to reduce image storage size by more than 
50% and not compromise image quality. Data correctness is analyzed by 
evaluating reconstructed images in terms of PSNR value. The PSNR value 
of the reconstructed image is more than 20 dB which indicates that the image 
quality of the reconstructed image is maintained. Adding another security 
layer and providing data integrity on top of the proposed assembly is our 
significant forthcoming effort to be followed.
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CHAPTER 15

ABSTRACT

In broad sense, optimizing queries in general can be a fundamental aspect 
linked to large scaled heterogeneous databases. Particularly, while replicating 
as well as performing storing options in databases associated with several 
disjoint locations, it is really required to focus on the suitability of sites during 
query execution. Likely, the process of choosing the most efficient query 
evaluation plans from the prescribed strategies should be feasible toward 
processing certain queries, particularly in complex situations. Assume that 
a large scaled database system is being provisioned with a finite number of 
resources in a way that computational capabilities of various resources can 
be shared by the users. Also the users complete the execution by the desired 
heterogeneous system. The assigned tasks are linked with provisioned 
parallel tasks. In such a situation, it is really difficult to decompose the 
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independent relationship and further to allocate in the host sites. Considering 
the data dependency within the parallel tasks into account, the total execution 
time associated with the queries depends on the maximum execution time 
of the parallel tasks. Accordingly, the particle swarm optimization (PSO) 
algorithm can be implemented prioritizing the fitness parameters accounting 
the required memory while executing the queries. PSO is considered one 
of the techniques used in soft computing. It is often used alongside other 
soft computing methods to solve complex optimization problems. PSO 
can be used in conjunction with fuzzy logic, neural networks, or other 
soft computing techniques to improve the performance and efficiency of 
problem-solving tasks. The time required to execute the queries along with 
the cost can be well taken toward measuring the performance of queries 
particularly in the allocated locations. The algorithm can act on the basis of 
swarm of early responses. In fact, it can act like the evolutionary computing 
mechanisms to obtain the optimized response by moving the early responses 
in successive repetitions.

15.1 INTRODUCTION

In general, during formulation of the problems linked to allocation of 
resources, it is required to prioritize the locations of the host systems along 
with the allocation of resources and query responses. The computing capabili-
ties with the large scaled systems permit linking with the large pool of shared 
computing resources. Somehow, these resources are provisioned with the 
services and obtained the permission to be plugged with other databases of 
concern. Also being linked with the complex tasks, the computing resources 
can be managed along with the deployed applications. While managing the 
large scaled data, it is also needed for frequent update and consistency must 
be preserved at each and every scale. In specific perspective, provisioning 
the high availability as well as scalability can be a challenge as far as large 
scaled databases are concerned. The systems can be scaled up by incorpo-
rating computing resources to the processing elements and by that these can 
permit the systems to manage the large sized clusters. Sometimes, the systems 
with high scalability features may respond to the changes by enhancing their 
processing capabilities. In fact, the applications deployed within the large 
scaled systems may utilize the resources managing the resources to handle 
the loads. In this connection, the complete systems can depend on the ability 
toward scaling as well as be provisioned to manage the processing abilities 
as cited in Figure 15.1. The challenges linked with the deployed database 
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systems in such situations can be attributed to obtain optimality. Accord-
ingly, the large scaled database systems will maintain consistency within the 
databases provisioning high scalability and consistency. While provisioning 
the resources linked with the physical machines it is observed that each 
processing element is being processed with independent operating system. 
The physical resources can be managed being provisioned with the specific 
mechanisms. Sometimes, databases of concern can be partially replicated to 
enhance the performance of databases. The primary copy of data in such a 
situation may be referred as master replica which can be accessible through 
secondary replica. However, the replication may be implemented within the 
database systems across distributed machines. Also the synchronous replica-
tion may be used to keep the secondary data in proper state with the primary 
replica.

FIGURE 15.1 System applicability with distributed heterogeneous databases.

15.2 REVIEW OF LITERATURE

In this section, we are trying to focus on some of the notable research works 
on our domain of interest.

Shivle et al.1 in their work focused on development of query plans on the 
basis of directed acyclic graph. They also prioritized on min–min algorithm 
toward sub-query scheduling linked to query plans.

Naijing et al.2 during their study discussed on grid database based on the 
combination of databases with grid where the traditional database queries 
and their optimization techniques may not meet the requirements of grid 
databases provisioned with dynamic features.
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Soliman et al.3 in their work concentrated on the containerization as well 
as deployment of query evaluation plans. They focused on the layered system 
architecture and presented the mechanisms to containerize the queries. The 
containerized query may have the potential of achieving scalability for large 
data sets.

Tang et al.4 in their research focused on the development of light-weight 
software container technologies. They have also concentrated on the 
performance of container technology for data-intensive applications.

Wilson et al.5 in their work prioritized on the parameterized mapping 
toward transformation of output by a specific mechanism. Somehow, they 
observed unsuitability in the mapping process and induced proper distribu-
tion to obtain greater flexibility.

Rajaraman et al.6 in their work focused on natural language processing to 
observe the generalized features as well as generation techniques. They tried 
to concentrate on frequency-inverse document frequency which is the ratio 
of how frequently a word shows up in a document to how often it shows up 
in the whole corpus of documents.

Wang et al.7 in their work prioritize on the Latent Dirichlet Allocation 
technique toward transformation of corpus of documents into document-
topic mappings. This technique is being proved to be general purpose enough 
to be useful in many document classification tasks.

Gligorijevi´c et al.8 in their work discussed the usefulness of large-scale 
data management as well as semantics toward obtaining the combined and 
matched data. As such in the large scaled databases, the information charac-
terizes with heterogeneity being provisioned with computing resources and 
storage.

Dong et al.9 discussed integration of large scaled data in their research 
observed the steps to align the schema inclusive of data fusion. Generally 
toward integrating the large scaled data it is required to link up with the 
original data source and the role of the schema is to determine the matching 
linked with the attributes. The schema mapping is based on the source schema 
to determine the semantic relationships between the types of schemes.

Abd El-Ghafar et al.10 in their work focused on mechanisms of partitioning 
the record sets to comply with the identified records lined to distinct entities. 
Basically, it is performed within blocking, pairwise matching as well as 
clustering. Also it follows the strategy toward scaling records linkage to 
large data sets.

Knight et al.11 in their work prioritized the specific architectural 
concepts inclusive of control flow, data flow, event handler, and associated 
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parameters. In fact, the control flow component is the core of the mecha-
nism that acts as a manager defining the order of execution for the tasks. 
Also the data flow component can be used toward extraction as well as 
transformation of data.

Garcia Molina et al.12 focused on complexities and enhancement of data 
as well as business requirements linked with information systems. They 
observed the consequences of usage of multiple rational data sources. As 
it is understood that the relational databases in general can be based on a 
standardized data model, the consistencies along with schema normalization 
must be prevailed. In their work they have also prioritized the standardized 
data model to permit the common users to transfer their skills.

Messina et al.13 prioritized on NoSQL systems that support specific semi-
structured data in their work. Accordingly, they have also focused on specific 
Internet-based applications that are equally important toward maintaining 
consistency on data. In their study they observed that mostly the NoSQL 
systems may emphasize on the flexibility of the data model to support data 
consistency in similar platforms.

Cruz et al.14 discussed on syntactic heterogeneity implemented in several 
platforms in their work. They observed that mostly relational database 
systems can be provisioned with structured queries and can be implemented 
in several ways without any constraints.

Vathy-Fogarassy et al.15 quantified the problems associated with data 
integration possessing the semantic heterogeneity. In fact, this type of 
heterogeneity can occur if the meaning of data may be dissimilar in several 
contexts of the similar domain. Also it has been observed that the semantic 
heterogeneity at the schema level can be occurred due to several factors 
especially by synonyms and the problem with synonyms may occur when 
the same entity may be named differently in different databases.

Noy et al.16 during their study found that maintaining uniform access on 
data may not require data integration as well as migration of data. In fact, it 
may not create any issues related to integration application. They observed 
that the semantic heterogeneity of source databases should be more focused 
while performing uniform data access.

Sousa et al.17 in their work prioritized the key factors toward obtaining 
solution for the database integration problems while linking the data 
semantic features and matching the semantic attributes with entities within 
the heterogeneous databases. In their work, they have also intended for data 
integration provisioning single system image for end users in a distributed 
environment.
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Junior et al.18 in their work discussed the heterogeneous database frame-
work along with its independence and autonomy. They also focused on the 
design and implementation of information sharing between heterogeneous 
databases of network database system of many similar functionalities linked 
to specific data models.

Oleg Milder et al.19 in their research focused on information sharing 
linked with the heterogeneous databases and shared among distributed and 
independent database systems. In their work they have also compared the 
workflow of the various systems prioritizing sharing the information.

Ashkan Tashk et al.20 discussed on specific frames linked to distributed 
databases in their research considering the implementation mechanisms of 
the heterogeneous database systems. As the access linked to multiple hetero-
geneous database systems prevailed with transparency within the communi-
cation platforms, the database of every linked information system can be the 
independent entity with relative independence and autonomy. Also realiza-
tion of data sharing of multiple heterogeneous databases is equally important 
especially in specific systems where the usage of web service middle layer 
is required to realize the connection of multiple heterogeneous data sources. 
Sometimes, due to specific reasons, it may not be desirable to share the 
important data even if for practical usages, but implementing particular 
mechanisms the web servers can connect the complete database systems. So 
practically while solving the problems within the middle tier as well as the 
heterogeneous data sources, the solution must be achieved provisioning the 
limited range query in Web Services. Several works on similar domain can 
be found in reference.21

15.3 STEP-WISE REPRESENTATION

The approach can be represented in the following steps:

Step 1: Consider n number of processes linked to n relations of linked 
query plans

Step 2: Prioritize the resources, r of the similar site and choose the resources
Step 3: Define the decision parameter un where un = 1 is assigned to task 

n allocated to resource r
Step 4: Prioritize the execution time of the process, t n based on the 

resources.
Step 5: Determine the execution cost of process, en based on resources, r 

and query plans.
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15.3.1 APPLICATION OF PARTICLE SWARM OPTIMIZATION

Generally, the particles associated with the swarm can move around the 
search space observing the optimum solution along with managing their 
positions as per inertia and social experiences. Initially, the particles are 
initialized from the solution space provisioned with the position and 
velocity. Then it is required to estimate the fitness parameter of each particle 
according to the fitness function. It is also required to update the individual 
best solution along with the global best solution. After updating the velocity 
as well as position of each particle, it is needed to prioritize again the 
inertial and cognition parametric constraints and continue the operation till 
optimality occurred.

15.3.2 ACCESSIBILITY OF HETEROGENEOUS DATA WITH 

PERFORMANCE

In general, the heterogeneous data can be provisioned with high variability 
of data types as well as with specific formats. Sometimes, the ambiguity on 
the same may be due to missing values along with high data redundancy. 
Accordingly, it may be difficult to integrate heterogeneous data to cope up 
with business intelligence. While analyzing practically, it may be observed 
that the heterogeneous data generated from cloud can be easily provisioned 
through various data acquisition devices acquiring multi-dimensional 
facilities. Being featured with large scaled data, the massive data acquisi-
tion equipments can be easily distributed, not only linked with the currently 
acquired data, but also the historical data within a certain time frame. Of 
course there is strong correlation between time and space. Each and every 
data acquisition device provisioned should be acquired with specific time 
stamp. Sometimes, within the datasets acquired by acquisition devices, very 
few amount of data may be valuable at specific time.

15.4 PROBLEM FORMULATION

A database server being a part of multi-point cluster probably can have 
the exclusive access toward large scaled data during processing. In fact, as 
shown in Figure 2, the data associated with the clusters can be provisioned 
locally. The databases within the servers can be segregated as distributed 
along with mutually partitioned within the clusters. The specific cluster 
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responsible for the partition can easily cache the data provisioning the 
concurrency control over data. This mechanism may lead to higher perfor-
mance as well as scalability as there may be fewer requirements toward 
coordinating the clusters.

TABLE 15.1 Deployed Database Servers with Response Time.

Sl. No. Deployed database servers Response time (m.sec.)

1 15 0.82

2 35 0.44

3 40 0.35

4 50 0.29

FIGURE 15.2 Deployed database servers with response time.

Somehow, concentrating on better partitioning may not be so easy, but 
it may require proper reorganization associated with the entire databases of 
concern. Every cluster in such a situation can access to the storage loca-
tions, i.e., shared global storage implementing the storage area networks as 
reflected in Figure 15.3. In that the shared data may respond to the existing 
system load by deploying required clusters. By the way, the data-sharing 
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mechanisms can be complex toward implementation as it requires distrib-
uted concurrency control along with distributed cache coherence.

TABLE 15.2 Deployed Database Servers with Respect to Data Accessibility Rate.

Sl. No. Deployed database servers Data accessibility rate (%)

1 19 0.56

2 29 0.55

3 35 0.53

4 40 0.51

FIGURE 15.3 Deployed database servers with respect to data accessibility rate.

15.5 DISCUSSION AND FUTURE DIRECTION

It is understood that each and every metadata operation initiated by the 
database system can be treated as atomic operations and each may require 
locking and linking techniques in connection to the database kernels. 
Somehow, the distributed database systems may not permit the arbitrary 
client transactions. The complexity linked with query plans of distributed 
database systems should be resolved, and the systems should provide 
distributed concurrency control toward accessing the data and distributed 
cache coherence as well.
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15.6 CONCLUSION

The concurrency control must be preserved while sharing the data through 
the deployed database servers and the locks on the shared data must be 
accessible to database servers. Any server within the distributed database 
domain may request suitable distributed lock to achieve better performance. 
Accordingly, achieving better performance may minimize the number 
of distributed database lock requests. As the distributed database systems 
have been provisioned with distributed caches, it is required to enhance the 
security measures and maintain the cache coherency.
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CHAPTER 16

ABSTRACT

This chapter aims to provide learners with a comprehensive understanding of 
algorithms by leveraging the power of comparative simulation and visualiza-
tion. It is believed that visualization is a highly effective tool for improving 
learners’ understanding of complex algorithms. By rendering algorithms in 
a visual format, learners can see how these algorithms behave in real-time 
and comprehend their inner workings. The proposed application enables 
learners to compare the performance of different algorithms and assess 
their strengths and weaknesses. They can observe how different algorithms 
handle different data sets, helping them to gain a better understanding of 
the advantages and limitations of each algorithm. The Visualizer e-Learning 
application supports a variety of algorithms, including Dijkstraʼs algorithm, 
DFS, BFS, Binary Search, and more. Learners can use this application to 
observe the differences between algorithms, such as how one algorithm may 
be more efficient than another under certain conditions. For instance, the 
comparative simulation feature can be used to compare the performance of 
Dijkstra’s algorithm and A* algorithm in finding the shortest path between 
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two points on a map. By observing how each algorithm navigates the map, 
learners can identify the strengths and weaknesses of each algorithm and 
determine which one is better suited for a particular problem. Moreover, 
the comparative simulation feature can be used to compare different sorting 
algorithms, such as Quick Sort and Merge Sort. Learners can visualize how 
each algorithm performs when sorting a large data set, and they can compare 
the speed and efficiency of each algorithm. In conclusion, our Algorithm 
Visualizer e-Learning application is a powerful tool for learners of all levels 
who want to improve their understanding of algorithms. By leveraging the 
benefits of comparative simulation and visualization, we aim to make algo-
rithmic concepts more accessible and enjoyable for learners.

16.1 INTRODUCTION

In the realm of computer science, algorithms are a fundamental area of study 
that is often referred to as “Design and Analysis of Algorithms.” Proficiency 
in computational thinking and programming is required to excel in this 
subject. However, the complex nature of algorithms makes it a challenging 
subject to comprehend, even for experienced programmers. Traditional 
methods of teaching algorithms can be tedious and lack the necessary tools 
to facilitate efficient and effective learning. Hence, a visualization-centric 
approach to algorithm learning is vital to bridge this gap.

Our extensive research and in-depth discussions with leading experts 
have identified a pressing need for a robust, user-friendly application with 
dynamic visualization features. To this end, we are embarking on a project 
that will utilize various trending tools such as ReactJs, its framework, and 
libraries to design and deliver this much-needed tool. Our goal is to create 
an exceptional algorithm visualization platform that promotes efficient and 
effective learning.

The implementation of this software will drastically enhance students’ 
algorithm comprehension capabilities by providing them with a dynamic 
visualization of the algorithms at work, enabling them to better understand 
the underlying concepts. By creating a visual representation of algorithms, 
we aim to revolutionize the way students learn and perceive algorithms, 
paving the way for a more comprehensive and effective mode of teaching.

Many prominent experts and educators support the algorithm visualiza-
tion approach, stating that a picture is worth a thousand words. Extensive 
research has been conducted to support this claim, highlighting the significant 
positive impact of visualization in understanding complex concepts such as 
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algorithms. As a result, our project aims to harness the power of visualization 
to provide learners with an effective and efficient means of comprehending 
algorithms.

In conclusion, we are committed to developing an algorithm visualiza-
tion platform that will serve as a powerful tool for learners of all levels. By 
leveraging the benefits of visualization and comparative simulation, we are 
confident that our application will help to make algorithmic concepts more 
accessible, enjoyable, and comprehensible for all learners.

16.2 LITERATURE REVIEW

Prabhakar et al.1 developed an algorithm visualizer using the Tkinter Module 
in Python. The visualizer was a desktop application that could be easily 
downloaded from their user-friendly website.

There have been several notable contributions in the field of algorithm 
visualization by researchers and developers. For instance, Yadav et al.2 
introduced a path-finding visualizer that employs A*, Dijkstra, and DFS 
algorithms to compute the shortest route between the start and end nodes. 
This tool provides a visual representation of the process and helps users 
develop an intuitive understanding of these algorithms.

Similarly, Goswami et al.3 created an innovative algorithm visualization 
tool that features a variety of path-finding, sorting, and CPU scheduling 
algorithms. Their research study revealed that 60% of students preferred 
learning algorithms through visualization rather than relying on traditional 
textbooks. This study highlights the importance of interactive and visually 
engaging learning tools in helping students grasp complex algorithms more 
effectively.

Senger et al.4 developed a visualizer to visualize BFS and Dijkstra’s Algo-
rithm and provided a comparison and analysis between the two algorithms. 
Nagaria et al.5 emphasized the need for an interactive teaching tool that can 
assist students who learn best visually and provide a mechanism for them to 
submit their path-finding formulas and receive visual feedback.

Ghandge et al.6 created AlgoAssist, a platform with integrated features 
that helps students improve their coding abilities, allows teachers to assess 
students’ work, and emphasizes “Algorithm Visualization” to help students 
comprehend the flow and operations of algorithms. The platform integrates 
lab functionality into a single platform, making it easier for professors and 
students to use.
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Jain7 created a Sorting Algorithms Visualizer that can be used to visualize 
various sorting algorithms such as Insertion Sort, Bubble Sort, and Selection 
Sort. This application allows users to generate a random array for visualiza-
tion and control the speed of sorting and size of the array.

Abedalrahim et al.8 developed a desktop-based application using Java 
that involves the simulation of various sorting algorithms and can be used on 
a standalone PC only.

16.3 PROPOSED SYSTEM

The research paper proposes a system for visualizing and simulating 
searching and sorting algorithms, with a focus on comparative analysis. The 
system is designed to provide a user-friendly interface that allows users to 
compare the performance of different algorithms under various conditions.

The system includes a set of predefined data sets, each with a specific size 
and distribution, which can be used to evaluate the algorithms. Users can 
also input their own data sets to test the algorithms under custom conditions.

The system offers a variety of visualization tools to help users understand 
the behavior of each algorithm. For example, users can view the sorting 
process as it happens, with each step displayed on a graph.

The system supports a range of searching and sorting algorithms, including 
linear search, binary search, bubble sort, insertion sort, merge sort, quicksort, 
and heapsort. Users can choose which algorithms to compare and run them 
on the same data set to see how they perform relative to one another.

The proposed system is a dynamic web-based application that provides 
users with a platform to visualize and simulate searching and sorting algo-
rithms. The system is made using ReactJs, HTML, CSS, and JavaScript, and 
includes a variety of visualization tools to help users understand the behavior 
of each algorithm.

The system will have the following features:

1. Auto-Generation and User Input: The system will allow users to 
auto-generate data or enter their own data for visualization.

2. Side-by-Side Comparison: The application allows users to run two 
algorithms simultaneously for a side-by-side comparison. This 
feature enables users to compare the performance of different algo-
rithms under various conditions.

3. Algorithm Selection: The system will include the following searching 
algorithms:
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a. Linear Search
b. Binary Search
c. Depth First Search
d. Breadth First Search

4. The following sorting algorithms will also be included:
a. Bubble Sort
b. Selection Sort
c. Insertion Sort
d. Quick Sort
e. Heap Sort
f. Merge Sort

5. Visualization Tools: The system will provide a variety of visualiza-
tion tools to help users understand the behavior of each algorithm. 
Users can choose from several types of visualizations such as bar 
graphs, line graphs, or pie charts to display the results of each 
algorithm.

6. Performance Metrics: The system will provide detailed performance 
metrics for each algorithm. Users can view the number of compari-
sons, swaps, and other operations performed by each algorithm, as 
well as the time and space complexities of each algorithm.

7. Data Set and Algorithm Configuration Saving: The application will 
have a feature for users to save their data sets and algorithm configu-
rations for future use. Users can save their results and compare them 
with previous runs to track their progress over time.

8. User Interface: The system will have a modern and intuitive user 
interface that is easy to navigate. Users will be able to choose from 
several color schemes and themes to customize the appearance of the 
application.

The proposed system will be an excellent tool for researchers, students, 
and developers to evaluate the performance of searching and sorting algo-
rithms and gain a deeper understanding of their behavior. The application’s 
user-friendly interface and visualization tools make it easy for users to 
compare algorithms and analyze their performance.

The proposed web application aims to provide a platform for comparative 
simulation and visualization of various pathfinding algorithms. Pathfinding 
is a common problem in computer science, and there are several algorithms 
available to solve it. However, it can be difficult to understand and compare 
these algorithms without visual aids. This web application aims to bridge 
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that gap by providing users with interactive simulations and visualizations 
of different pathfinding algorithms.

The website will allow users to select from a variety of pathfinding 
algorithms, such as Dijkstra’s algorithm, A* algorithm, and other variations. 
Users can create maps with different obstacles and terrain types to test the 
algorithms’ performance in a 2D space. The application will simulate the 
pathfinding algorithm selected by the user on the map created by them. It will 
visualize the algorithm’s progress and show the path found by the algorithm. 
Users can also compare the performance of different algorithms side by side 
on the same page.

Customization options will be available, allowing users to customize 
different parameters of the algorithms, such as the heuristic function, to see 
how it affects the algorithm’s performance. The website will also provide 
learning resources to help users understand the algorithms’ underlying 
principles, including tutorials and articles.

Overall, the website aims to provide a user-friendly platform for compara-
tive simulation and visualization of pathfinding algorithms, using modern 
web development technologies and tools to ensure a responsive and interac-
tive experience for users.

16.3.1 SYSTEM ARCHITECTURE

The visual representation of the major components of our application, 
depicted in Figure 16.1, provides an at-a-glance overview of the system’s 
architecture, highlighting the core functionalities that have been carefully 
designed to provide an intuitive and user-friendly experience.

The three main components, Pathfinding Algorithms, Searching Algo-
rithms, and Sorting Algorithms, have been thoughtfully designed to offer users 
an intuitive and engaging way to explore the fascinating world of algorithms.

The Pathfinding Algorithms component allows users to interact with a 
grid-based visualization where they can create a maze and set their starting 
and ending points. By selecting an algorithm, users can watch as the system 
employs a series of techniques to find the shortest path between these two 
points. The algorithm can be customized by adjusting the speed, adding 
barriers, or clearing the board. Additionally, the system provides an interac-
tive feature where users can add a bomb to the maze as a barrier, making the 
visualization even more dynamic and exciting.

The Searching Algorithms component provides a comprehensive view 
of various algorithms used in searching, such as Linear Search and Binary 
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Search. The system generates blocks that represent an array’s size, and each 
block contains a specific value. Users can interact with these blocks and 
observe how each algorithm works to find a particular value within the array. 
To make the visualization more interactive, the system also offers an option 
to drag the blocks to reorder them, providing a more hands-on experience.

FIGURE 16.1 System architecture.

For DFS and BFS algorithms, the system generates circles to represent 
nodes and lines that represent edges of a graph or tree. Users can interact 
with these circles and lines by adding new nodes and connecting them with 
lines to form edges. This interactive feature allows users to gain a deeper 
understanding of how these algorithms work to traverse the graph or tree and 
discover all of its nodes.

Finally, the Sorting Algorithms component offers an excellent way for 
users to observe how different sorting algorithms work. The system generates 
bars that represent an array’s size, and each bar’s height indicates its value. 
Users can generate random arrays or insert their own arrays to visualize 
how each algorithm sorts the array. With this visualization, users can gain 
a deeper understanding of how algorithms such as Merge Sort, Quick Sort, 
and Bubble Sort work to arrange an array’s elements in an ascending or 
descending order.
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Overall, the system’s components offer a diverse range of interactive 
features that allow users to learn and explore algorithms in an engaging 
and accessible way. By providing a user-friendly interface and interactive 
elements, users can gain a deeper understanding of how algorithms work and 
their applications in real-world scenarios.

16.3.2 ADDITIONAL FEATURES

Upon examining numerous similar projects, it was observed that certain 
characteristics are absent, which, if integrated, can augment the visualizer’s 
allure, user-friendliness, and overall user experience. Our application 
endeavors to overcome these shortcomings by incorporating the following 
additional features:

Firstly, a superior and captivating User Interface (UI) is incorporated 
to enhance the overall User Experience (UX) of the application. Further-
more, the application is designed to be responsive, facilitating a seamless 
and excellent user experience on both desktop and mobile devices, thereby 
ensuring accessibility for all users.

To facilitate better visual comparisons, two algorithms can be executed 
simultaneously on the screen. Furthermore, the application analyzes algo-
rithms’ performance by conducting a comprehensive analysis of factors such 
as run times, complexity, memory consumption, and comparing them to 
other algorithms to determine their efficacy and performance.

The application also features a slider that enables users to adjust the 
visualization speed, thus facilitating better comprehension of the algorithm’s 
operations. Furthermore, pause and play controls of the visualization are 
integrated into the application, enabling users to analyze each step of the 
algorithm in detail.

Lastly, the application includes a dark mode option, which not only adds 
aesthetic value but also reduces eye strain and enhances visual appeal in 
low-light conditions.

16.4 RESULT

The implementation of our project has yielded significant results, which 
we are excited to share with you. Following are the results achieved after 
implementation of the project.
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FIGURE 16.2 Sorting visualization page.

The Sorting Visualization Page, as shown in Figure16.2, comprises the 
following elements:

• Array Text field that displays the Array to be visualized.
• Generate Button, which generates a random array of random length 

when clicked.
• Speed Slider, used to set the speed of Visualization.
• Algorithm Drop Down, used to select the Algorithm to be Visualized.
• Visualize Button, which initiates the visualization.
• Reset Button, used to reset the visualization.
• Timer, that counts the time required for visualization to be completed.
• Visualization Area, comprising Bars that represent the values of the 

array.

In Figure 16.3, we can see the Sorting Visualization Comparison Page, 
which includes the following elements:

• Array Text field: shows the array to be visualized.
• Generate Button: generates a random array of random length when 

clicked.
• Speed Slider: sets the speed of visualization.
• Algorithm Drop Down: selects the type of algorithm to be visualized.
• Visualize Button: starts the visualization.
• Reset Button: resets the visualization.
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• Two Timers: count the time required for visualization of respective 
algorithms to be completed.

• Two Drop Downs: select two algorithms of the selected type to be 
visualized and compared.

• Two Visualization Areas: consist of bars that represent the values of 
the array.

FIGURE 16.3 Sorting visualization comparison page.

FIGURE 16.4 Searching visualization page.
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The Searching Visualization Page, as shown in Figure 16.4, comprises 
the following elements:

• Add Node Button to add a new Node.
• Add Edge Button to add a new Edge.
• Delete Button to delete an edge or a node.
• Generate Button, which generates a random tree when clicked.
• Speed Slider, used to set the speed of Visualization.
• Algorithm Drop Down, used to select the Algorithm to be Visualized.
• Visualize Button, which initiates the visualization.
• Reset Button, used to reset the visualization.
• Timer, that counts the time required for visualization to be completed.
• Visualization Area, consisting of Nodes and Edges that represent a Tree.

FIGURE 16.5 Pathfinding visualization page.

The Pathfinding Visualization Page, as shown in Figure 16.5, comprises 
the following elements:

• Start Node Button to set the start node in the Grid.
• End Node Button to set the end node in the Grid.
• Add Wall Button to add walls to the Grid.
• Add Obstacle Button to add obstacles in the Grid.
• Generate Button, which generates maze when clicked.
• Speed Slider, used to set the speed of Visualization.



288 Applied Soft Computing Techniques

• Algorithm Drop Down, used to select the Algorithm to be Visualized.
• Visualize Button, which initiates the visualization.
• Reset Button, used to reset the visualization.
• Timer, that counts the time required for visualization to be completed.
• Visualization Area, comprising of a Grid which shows a maze.

Our project’s advanced visualization features and algorithmic capabilities 
enable users to easily analyze and compare various pathfinding, searching, 
and sorting algorithms. With the ability to visualize and compare algorithms, 
users can gain a deeper understanding of their functions and operations, 
enabling them to make more informed decisions when selecting algorithms 
for specific tasks. This functionality is especially useful in the field of educa-
tional technology in higher education, where algorithmic understanding and 
proficiency are essential for success.

16.5 CONCLUSION

In conclusion, the development of e-Learning tools has revolutionized the 
education sector, providing learners with a flexible and accessible mode of 
learning. Our web application is a testament to the importance of e-Learning, 
as it simplifies complex algorithms’ visualization, making it easier to under-
stand their operation. The application caters to users of all levels and offers 
numerous features that enhance the user experience, making it a valuable 
tool for anyone interested in learning about algorithms.

As we look to the future, we see vast potential for expanding the applica-
tion’s scope and capabilities. One area of development we envision is the 
creation of a mobile application that runs offline, allowing users to access the 
application’s functionalities anytime, anywhere. The mobile application will 
be designed to include all the features of the web application, enabling users 
to visualize and compare the performance of algorithms on the go.

Furthermore, the mobile application can include more complex 
algorithms based on algorithmic strategies such as Divide and Conquer, 
Greedy Strategy, and others. These algorithms are essential in developing 
applications that can solve complex problems and including them in our 
application will provide users with a deeper understanding of algorithmic 
strategies.

Overall, the development of e-Learning tools such as our web application 
has created a new paradigm in education, enabling learners to access infor-
mation and learn at their own pace. As we continue to expand and develop 
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the application, we aim to provide users with a comprehensive and effective 
tool for learning algorithms, paving the way for a more efficient and enjoy-
able learning experience.
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CHAPTER 17

ABSTRACT

An educational website aims to improve practicality and provide a 
comprehensive software package that fulfills users’ needs. It allows users 
to store and access their valuable information easily and efficiently for an 
extended period. The software and hardware used are readily available 
and user-friendly. By implementing such an educational website, users 
can access services more securely and focus on other activities rather than 
record keeping. This organization will benefit from streamlined and efficient 
resource utilization and automated record-keeping. Our website also features 
an AI-based chatbot that employs TensorFlow and NLP models. To ensure 
security, we have incorporated the B-crypt algorithmic rule. Additionally, we 
have used SEO techniques to optimize our website’s performance, allowing 
for seamless operation.

17.1 INTRODUCTION

In the current era, websites are the primary means of communication 
between organizations and their users or visitors. Websites are essential tools 
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for sharing information and are critical to an organization’s communication 
success. A website’s success is determined by three critical factors: acces-
sibility, SEO, and quality, with usability being the most essential. Usability 
is a comprehensive concept that goes beyond user-friendliness, according to 
the ISO 9241-11:2018(en) standard. It refers to the efficacy, efficiency, and 
satisfaction of a system, product, or service’s capacity to be used by defined 
users to achieve stated goals in each context of usage. The correctness of a 
system evaluation is determined by the usability evaluation techniques and 
tools, although the findings produced by various techniques and tools might 
vary. For reviewing and evaluating websites, there are several offline and 
online tools and strategies available. University websites are becoming more 
and more common because of the development of the Internet and domestic 
campus networks. These websites offer quicker, easier, more accurate, and 
direct access to resources and information. The IP address or domain name 
of each university website, the login process, or where to access published 
material are all frequently forgotten by users. As a result, individuals now 
get information online mostly through search engines. Search engine 
optimization (SEO) should be taken into consideration to raise the value of 
a university website’s brand and enhance the number of people who can 
quickly and easily obtain the necessary information. SEO gives a website 
the chance to top search engine result pages for particular keywords. The 
website of the school of continuing education at Ocean University of China 
will be used as an example in this article to examine website optimization 
techniques for increasing exposure. In general, this research study attempts 
to present a thorough examination of a suggested web platform that seeks 
to improve dialogue, cooperation, and information sharing among college 
students. Technology is used to advance the planned platform.

17.2 LITERATURE REVIEW

Akoglu shared a fascinating case study on the University of Istanbul’s 
Architectural Department website, where he introduced a cutting-edge 
usability evaluation tool. The data collection process for the study involved 
two different methods: laboratory-based tests and remote usability tests 
conducted via the Internet.1 The results obtained from the collected data II 
highlighted the efficiency of the online tool in acquiring data and producing 
accurate output. The testing tools offer several advantages, including the 
ability for administrators to access user databases and their responses, which 
can be opened using Microsoft Access and Microsoft Excel software. This 
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advanced feature allows for seamless data analysis, which is crucial in 
designing effective user interfaces.

Mustafa and his colleagues.2 analyzed nine Jordanian websites, utilizing 
both the Toolbox and Webpage Analyzer tools. These tools were found to be 
highly effective in evaluating the usability of the websites, a critical aspect of 
website design. In a similar vein, Carta and his team created a new tool for 
evaluating website usability, which operates on the principles of customer data 
and JavaScript events. The tool attributes a proxy-based design that allows for 
precise performance evaluation and enables the evaluator to classify activities 
based on averages and optimization levels. This advanced tool promises to be 
a valuable asset in designing user-friendly websites.

Costa and his team examined the websites of many African nations using 
the WebQual programme.3 Their research’ findings allowed for a comparison 
of the web sites’ architectural complexity and accessibility level. The analysis 
found a large number of accessibility problems, which prompted the authors 
to suggest fixes for enhancing website accessibility. In the meanwhile, Site 
Analyzer and Qualidator, two automated tools, are used by Sukhpuneet and 
his colleagues to analyze websites based on numerous criteria at Punjabi 
institutions in India. The results of the study showed that the chosen websites 
were among the best, emphasizing the value of good website design in 
boosting usability.

The chat interface plays a crucial role in collecting user queries and 
serving as a communication link between the user and the system.3 It can 
be integrated with the machine learning layer and packaged as a smart app. 
To accomplish this, a Python web framework can be utilized to combine 
web applications with the AI technology of the NLP framework. When a 
user poses a question, the chatbot will use the knowledge database at its 
disposal to provide an answer. If the conversation introduces a concept 
outside the bot’s programmed understanding, it will transfer the query to a 
human operator. This interaction provides an opportunity for the chatbot to 
learn and enhance its knowledge base, improving its effectiveness over time. 
Thus, the chatbot’s capabilities and importance will continue to expand as it 
acquires new information and improves its functionality.

17.3 SIGNIFICANCE OF THE STUDY

In the current digital era, the Internet’s extensive use and the quickly 
growing domestic campus networks have resulted in the creation of 
portals for the majority of schools and universities. People may quickly, 
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easily, accurately, and directly access information and resources through 
university websites. Many people, however, find it difficult to recall the 
domain name or IP address of each university website, so they turn to 
search engine websites to locate the information they want. The preferred 
way for users to look for information online is to utilize search engines 
to look for information and relevant websites. Utilizing search engine 
optimization (SEO) techniques can help university websites build their 
brand value and make sure that consumers can swiftly and easily find 
the information they need. We must employ search engine optimization 
(SEO) techniques to raise the perceived value of university websites and 
guarantee that visitors can swiftly and easily find the information they 
want. To increase a website’s exposure for particular keywords on search 
engines and consequently its rating and site traffic, SEO is used. In this 
essay, we will explore website optimization tactics that can raise website 
rankings and efficiently provide information to target audiences by using 
the website of the School of Continuing Education at the Ocean University 
of China as an example.

17.4 EXPERIMENTAL METHODS AND MATERIALS

17.4.1 TECHNOLOGIES USED

A. React: The JavaScript library React is used to create UI and its 
components. React gives programmers the ability to effectively 
manage the application’s state and generate reusable user-interface 
components. It is used to design user interfaces that are dynamic 
and interactive as well as the front end of websites. The skeleton of 
a React application is a component. A component is a standalone 
piece of code that specifies a particular user interface element. Every 
component can have a changing state that can be updated and altered 
independently of other components. Many tiny components that 
make up React apps are often reused and integrated in various ways 
to produce sophisticated user interfaces.

 Other components of React include:

• Virtual DOM: React uses a virtual representation of the Docu-
ment Object Model to manage changes to the user interface. The 
virtual DOM is a light-weighted copy of the actual DOM that is 
updated and modified by React, rather than by the browser. This 
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allows React to update the user interface quickly and efficiently, 
without needing to re-render the entire page.

• Props: By sending data from a parent component to the child 
component, they allow a child component to render data dynami-
cally. The child component cannot modify props since they are 
read-only.

• State: State is a way to manage data within a component. The 
state is used to store data that can change over time, such as 
user input or application state. When the state changes, React 
automatically re-renders the component to reflect the updated 
state.

• Lifecycle methods: At various stages of a component’s life cycle, 
React offers a collection of methods that are invoked. These 
methods let developers do specific actions, such as altering the 
state or obtaining data from an API, by hooking into particular 
moments in the component’s life- cycle.

• Overall, these components and features of React provide a 
powerful toolkit for building dynamic and interactive user 
interfaces. They allow developers to create reusable and compos-
able components, manage the application state efficiently, and 
respond to user input and changes in the application state.

B. Node.js: A JavaScript runtime called Node.js is based on the V8 
JavaScript engine. It allows programmers to build scalable and 
rapid network applications on the server side using JavaScript. The 
backend of the website is built using it, in addition to managing 
server-side features like user authentication and database queries.

C. MongoDB: 2. The NoSQL document database MongoDB stores data 
in documents that resemble JSON and have a dynamic structure. 
Without first defining a schema, it enables developers to save and 
retrieve data fast and simply. Data from the website, including user 
accounts and content, is stored there so that it may be promptly and 
effectively retrieved.

D. Bootstrap: As mentioned earlier, Bootstrap is a front-end UI frame-
work that provides prebuilt HTML, CSS, and JavaScript components 
for creating responsive and mobile-first websites. It is often used in 
conjunction with React to create a visually appealing and responsive 
user interface.

E. jQuery: The traversal and manipulation of HTML documents, event 
management, and animation are made simpler by the rapid, compact, 
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and feature-rich JavaScript package known as jQuery. To generate 
interactive and dynamic UI elements, it is frequently used in combi-
nation with React.

F. Google Tag Manager: Google Tag Manager is a free tag management 
solution that allows website owners to manage various tags and track 
codes on their websites without editing the code. It is used to imple-
ment third-party tracking and analytics tools like Google Analytics 
and Google Remarketing Tag, without needing to edit the website’s 
source code.

G. SaaS: SaaS (Software as a Service) is a software delivery model 
where the software is hosted on a cloud infrastructure and accessed 
through a web browser. It is used to host and deliver websites as a 
service to users, without needing to set up and maintain servers.

H. Google Analytics 4: Google Analytics 4 is a free web analytics 
service that provides insights into website traffic and user behavior. 
It is used to measure website’s performance and user engagement 
and to optimize the website for a better user experience.

I. Delivery: delivery is a free, open-source CDN (Content Delivery 
Network) that delivers JavaScript libraries and other web assets 
faster by catching them on multiple servers around the world. It is 
used to improve the website’s performance and speed by delivering 
static assets from the closest server to the user’s location.

J. Netlify: The cloud-based platform Netlify offers server-less backend 
services for contemporary web applications, continuous deploy-
ment, and web hosting. It has functions like automated builds, asset 
optimization, and CDN caching and is used to launch and host the 
website.

K. Google Font API: Google Font API is a free web service that 
provides a collection of fonts that can be used on websites. It is used 
to improve the website’s typography and visual appeal by offering 
a wide range of font styles and weights that are optimized for web 
use.

Overall, these technologies work together to create a modern, scalable, 
and efficient web application that provides an optimal user experience. 
React.js and Node.js are used to create a fast and responsive front-end and 
back-end, respectively, while MongoDB provides a flexible and easy-to-
use database. Other technologies, such as Bootstrap, jQuery, and Google 
Tag Manager, are used to improve the website’s performance, design, and 
tracking capabilities.
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17.4.2 SYSTEM ARCHITECTURE

FIGURE 17.1 Architecture of the system.

17.4.3 SIGNIFICANCE OF ARCHITECTURE

17.4.3.1 DESCRIPTION OF THE SYSTEM ARCHITECTURE

Our architecture diagram is mainly divided into two parts, i.e., front end 
and back end. Back end is divided into a two-part server and database. Our 
project backed is developed by using JavaScript libraries and framework. We 
used the MongoDB database to store the data. The reason behind choosing 
the nonrelational database is we mainly deal with the nonrelational data. We 
created the server by using the node.js and express.js. The servers require 
handling the request’s response. The main motive to choose the node.
js because of the node.js is the trending technology for back end. In the 
project we have hierarchical access to the users. For the hierarchical access 
needs of authentication, we used the Json web token for the token for the 
hierarchical access or authentication. There are three hierarchical levels of 
access in our project, that is, a super admin, admin, and general users, in our 
case we assume as student. The Super admin has a high level of access. The 
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super admin can add an admin, give them access, and change the website or 
database data. It will be capable of adding update features to the website. 
The super admin can be added and removed the admin. Admin can update 
the feature and remove the data from the specific features. Like admin can 
add notes and study material and remove that data from database. Admin is 
not able to add the admin and remove the admin. The last access is for the 
general user or student. The end user can only view the web pages through 
desktop or mobile. The web page has a responsive design for all devices. The 
end user can view feature of website, i.e., notes pdf, timetable, collage news, 
event registration, competition winner, google map, 360º virtual view, chat 
bot, placement registration, etc.

17.5 ANALYSIS OF THE WEBSITE

The website was created without any prior analysis or SEO considerations. 
However, after purchasing a domain, an SEO score and analysis were 
conducted which revealed the website’s current SEO status. Without specific 
details about the analysis, it is difficult to provide a comprehensive report 
on the website’s SEO strengths and weaknesses. However, based on typical 
SEO factors, some potential areas for improvement could include optimizing 
on-page elements such as titles, meta descriptions, and headers, as well as 
improving the website’s content with high-quality, relevant information. 
Additionally, building backlinks from authoritative websites and imple-
menting a solid internal linking strategy could help boost the website’s overall 
SEO performance.

In general, the before and after SEO report of the website likely showed 
a significant difference in terms of its SEO performance. Before imple-
menting SEO, the website may have been difficult to find and may not have 
been ranking for relevant search terms. After conducting an SEO analysis 
and implementing best practices, the website likely saw improvements in 
its search engine visibility, organic traffic, and overall user engagement. 
However, without specific data and metrics, it is difficult to provide a more 
detailed analysis of the website’s current status and potential areas for 
improvement.

Based on the analysis of the Educational Website, we have identified 
several areas for improvement to enhance its SEO performance. We have 
implemented various techniques, such as adding a robots.txt file, changing 
the heading, conducting keyword research, improving page speed, optimizing 
for mobile devices, and implementing a strong internal linking strategy.
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In addition, we have also analyzed website analytics regularly to identify 
potential areas for improvement and make data-driven decisions. These 
efforts have resulted in improved search engine visibility, organic traffic, 
and overall user engagement. However, we recommend continuing to 
monitor and improve the website’s SEO performance by regularly analyzing 
website analytics, updating content with relevant keywords, and building 
high-quality backlinks from authoritative websites.

17.6 RESULTS/OUTPUT

17.6.1 LANDING PAGE

Figure 17.2 redirects the user to the homepage of the website. It serves as the 
starting point for users who want to explore different sections or return to the 
main page from anywhere on the site. It provides easy navigation and acts as 
a central hub for accessing other sections.

FIGURE 17.2 Landing page.

17.6.2 ANALYSIS OF THE WEBSITE

In Figure 17.3, the first graph provides insights into user engagement and 
website performance. It indicates that there have been a total of 76 users who 
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have visited the website on the domain www.mmitedu.in. The graph displays 
the average engagement time of these users, ranging from 1 min to 2 min. 
However, the revenue generated by the website is zero since there are no 
clickable ads present on the site. This suggests that the website may rely on 
other means for monetization or is focused on providing information rather 
than generating revenue. Moving on to the second graph focuses on the users 
who accessed the website through direct search or organic search via Google. 
The data reveals that some users directly searched for “mmit.edu” and 
landed on the website, while others discovered the website through organic 
search results where the search engine suggested the website as part of their 
search query. This indicates that the website has been indexed by Google and 

FIGURE 17.3 Webpage analysis.

http://www.mmitedu.in


Educational Website with Search Engine Optimization 301

appears in relevant search results, attracting users who are actively seeking 
information related to “mmit.edu.” The analytics of the website, as depicted 
in the third graph, offer valuable insights into user engagement and session 
statistics. The index column presents a total of 160 sessions, which represents 
the entirety of user interactions on the website. Out of these sessions, 75% 
are categorized as engaged sessions, suggesting that users actively interacted 
with the website’s content. On average, each session lasted for 1 min and 
39 s, indicating a relatively short duration of user engagement. The metric 
of engaged sessions per user averages 1.17, suggesting that users tend to 
have multiple engaged sessions during their visits. Additionally, there was an 
average of 19.63 events per session, signifying user interaction with various 
features or elements on the website. The engagement rate of 58.67% implies 
a moderate level of user involvement. However, despite the significant user 
activity, there were no conversions or revenue generated during the analyzed 
period, indicating a need for further analysis and optimization. Lastly, the 
fourth graph provides insights into the geographical distribution of users who 
visited the website. The data is segmented by country, indicating the number 
of users from different regions. The analysis reveals that approximately 47 
users were from India, while 29 users were from the United States and 1 from 
Spain. This information highlights the website’s reach and global audience, 
showcasing its popularity among users from these particular countries. 
Understanding the geographical distribution of users can help tailor content or 
marketing strategies to cater to specific regions or target audiences. Overall, 
website analysis using Google Analytics offers valuable information about 
user engagement, sources of traffic, and user demographics. These insights 
can assist in improving website performance, enhancing user experience, 
and optimizing strategies to attract and retain visitors.

17.7 CONCLUSION

In today’s digital age, websites have become the primary means of 
communication between organizations and their users or visitors. They serve 
as a powerful tool for sharing information and engaging with audiences. 
However, for a website to be successful, it must meet certain criteria, namely 
accessibility, search engine optimization (SEO), and usability. Out of these 
three factors, usability is the most critical success factor. A website’s usability 
determines its effectiveness in engaging and retaining visitors, and thus plays 
a pivotal role in its overall success. In the case of educational institutes, 
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a web application can aid in accurately, quickly, and reliably performing 
regular activities such as accessing study material, placement information, 
and timetables. This, in turn, can enhance the quality of work at educational 
institutes by improving efficiency and reducing errors. To further enhance 
the security and accessibility of websites, several innovative technologies 
such as AI, Android applications, and blockchain can be employed. AI can 
provide a more personalized and seamless user experience, while creating 
Android applications can help increase accessibility on mobile devices. 
Additionally, the blockchain can provide a secure and decentralized 
platform for website transactions and data storage. Overall, in today’s digital 
landscape, the success of a website depends on several factors, including 
accessibility, SEO, and usability. By utilizing cutting-edge technologies and 
tools, organizations can create more secure, accessible, and user-friendly 
websites that can better engage and serve their audience.
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CHAPTER 18

ABSTRACT

Image processing is one of the most significant areas of computer science. 
Every day we have to deal with face recognition for various purposes such 
as security authentication systems, identification, matching images, etc. This 
research paper proposed a system model for recognizing human face using 
the combination of Principal Component Analysis (PCA) and Support Vector 
Machine (SVM). PCA is used to process data and extract useful features from 
images including reduction of dimensionality, increasing interpretability, 
and diminishing information loss of the given image. This model provided a 
comparative analysis based on the results of recognition accuracy achieved 
by (SVM), k-Nearest Neighbors (k-NN), Naive Bayes (NB), and Decision 
Tree (DT) classifier. The aim of this paper is to provide the most efficient 
and accurate method to recognize human face including data preprocessing 
using a small dataset and lower-end device. Various soft computing-based 
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approaches have been considered in this study. The experimental result of 
this method reveals that the way we processed our data, the SVM technique 
displays robust performance and increases the efficiency of the human face 
recognition technique with the utmost level of accuracy than the other three.

18.1 INTRODUCTION

Face recognition has added a new dimension to modern technology because 
of the increasing demand for machines having computer vision features. 
Applications such as the field of information indexing, network security, 
and video technology convenience from human face recognition techniques 
because “humans” are the focus of attention in a lot of videos.1 Therefore, 
the study of face recognition is also developing day by day, and new face 
recognition techniques, and algorithms are being invented. Basically, there 
are two different ways to recognize faces. One of them is training a neural 
network model in which the accuracy of detecting face is highly influenced 
by the number of input data because a neural network model requires billions 
of input data to acquire the expected outcome, but the other is the One-shot 
Learning technique which supposed to learn from the statistics of object 
category from a very few numbers of input data.2

A comparative analysis between different face recognition algorithms 
will visualize the performance of these algorithms for helping to choose 
the most accurate one. This paper is going to show a comparative study on 
SVM, k-Nearest Neighbor (k-NN), NB, and DT classifier on face recogni-
tion technique. For face recognition at first, the study will extract features 
of faces from given dataset images using PCA and then apply our classifier 
algorithms SVM, k-NN, NB, and DT one by one.

PCA is a familiar data processing technique. For the purpose of 
working with different datasets, methods are used to severely decrease the 
dimensionality in an elaborate way, so that the most important information 
in the data is protected and usable.2,3 In this paper, PCA is used for adjusting 
data, creating a covariance matrix, finding the eigenvector and eigenvalue 
of the covariance matrix, prioritizing the eigenvalue, and creating a feature 
vector. This provides new data with a lower dimension than the original data 
which is our ultimate preprocessed target to minimize the computational 
complexity. Computer vision technology requires powerful and high 
computational devices. So it is quite a challenging task to implement 
computer vision technology in a lower-end device.
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Four different classifiers observed in this paper consist of SVM, k-NN, 
NB, and DT is the most applied supervised machine learning algorithms. 
SVM has been developed recently on the basis of statistical learning theory. 
It is successfully used in various applications such as time series predic-
tion, face recognition, and also in genetic data processing for medical 
analysis,4 on the other hand, k-NN classifier concentrates on mechanisms 
for measuring similarity (distance), computational problems in recognizing 
nearest neighbor and procedure for reducing the measurement of data.5

Whereas the DT classifier checks a collection of values for a given set 
of features. The decision made by DT classifier is based on checking each 
individual feature followed by the branches that represent its values. The 
values are used to traverse through terminal nodes. NB is a probabilistic-
based classifier that uses Bayes’ theorem to calculate the probability which 
is used to make the decision. For the comparative study, the contribution 
shows the accuracy and cross-validation score of SVM, KNN, NB, and DT 
classifier.

In Section 18.2 a brief introduction, as well as the analysis of related 
work of face recognition, is explained, Section 18.3 contains the structure of 
the method and a discussion regarding the data preprocessing and analysis 
of two different classifiers. The experimental results and conclusion of this 
paper are given in Sections 18.4 and 18.5.

18.2 LITERATURE REVIEW

Face recognition is a major research issue with comprehensive area and order. 
To have a huge number of practical implementations such as entrance control, 
safety monitoring, surveillance system, and bankcard identification. For 
efficient communications and exchanges among human, these fundamental 
human behaviors are essential.6 The early face recognition system started by 
detecting face patterns in cluttered prospect, standardizing the face image 
on the basis of geometrical and illumination changes using appropriate 
classification algorithms.7,8 Recognizing human faces using Eigenfaces is one 
of the familiar ways in recent technology.9 As face recognition technology 
is developing day by day, there is a lot of comparative analysis of how 
face recognition technology is performing. Ashwini et al.10 discussed three 
different face recognition techniques using PCA with Back Propagation 
Neural Network, Gabot Filter, and Wavelet Transform and concluded that 
Wavelet Transform performs 98% accuracy which is better than the other 
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two. Considering pose illumination and facial expression Shinwari et al., 
201911 performed a comparative study in terms of acquiring better accuracy 
and said that the Local Binary Pattern Histogram algorithm provides 99.532% 
accuracy which is better than LDA and PCA.

As this paper performs a comparative analysis between SVM and KNN 
for face recognition, so there is a lot of face recognition contribution has 
been performed using these two classifiers. Using the Nearest Center 
Classification (NCC), Guo et al., 197012 compared a face recognition method 
with the standard eigenface approach which is an SVMs-based recognition 
technique. A system working by searching the regions of faces using skin 
color information was proposed by Yeh et al. in 200913 which is based on 
SVM and generates a possible block or face map of faces for detecting faces. 
A component-based face detector is introduced by Kukenys and Mccane in 
200814 which presents their improvement of current results with the previous 
result to achieve sufficient speed and accuracy using SVM classifiers. 
On the other hand, Prabin et al.15 proposed a three-step method including 
various color space models, eigenvectors, and nearest neighbor classifiers 
and said that the accuracy of this method is notably better than others. A 
face recognition method was performed by Dhriti and Kaur in 201216 where 
they used the Gabor filter and PCA for feature extraction and KNN as the 
classifier and showed that the k-nearest Neighbor technique shows impressive 
accuracy. A face recognition approach using Bagging KNN was performed 
by Ebrahimpour and Kouzani in 200717 where a collective learning group 
of methods was employed as the system result and said that gaining higher 
accuracy is the ultimate goal of their system.

There are also a lot of other technologies used nowadays for the applica-
tion of face recognition. The performance of the human face recognition 
technique is described by Arunkumar et al. in 201918 which provides a lot 
of information regarding human face recognition technique and their perfor-
mance. El-Bakry and Abu Elsoud19 introduce a human face identification 
system based on a neural network that uses a cluttered scene having a 20 × 
20 pixel image having a human face or not. A new face recognition procedure 
is done by face feature extraction, drawing the angle of the mouth, drawing 
(x,y) axes in the face and eyes extraction, and combining the whole feature 
as one parameter for human face recognition performing three-dimensional 
recognition procedures by Al-Ghamdi et al. in 201020

In this research work, our goal is to propose a face recognition system, 
which provides the most efficient method with the best performance 
compared to the remaining system and minimum computational cost among 
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SVM, k-NN, NB, and DT. We are also focusing on the computational power 
cost with respect to the device specification as it is also an important part 
to consider while building real-life machine learning applications. Although 
the technology is quite powerful nowadays and researchers are focusing on 
performance rather than computational cost, it is also important to develop 
highly powerful AI for a low-end device.

18.3 METHODOLOGY

The ultimate destination of this research is to find the most efficient way 
of recognizing human face using SVM, k-NN, NB, and DT classifier and 
perform the comparative analysis between four classifiers. As we are 
going to follow the One-shot Learning technique, we used a comparatively 
small dataset to train our face recognition model. Then we perform several 
processes like splitting train and test data, performing preprocessing of image 
data like resizing, color to grayscale conversion, pixel dimension finalization 
for making the most suitable data for best performance, performing PCA for 
dimension reduction, training four classification algorithms, evaluation, and 
testing. We also perform cross-validation for model evaluation and compare 
the performance of the previously trained model and the newly trained model 
after cross-validation.

The flowchart (see Figure 18.1) illustrates the overall workflow of this 
paper to recognize human face more efficiently.

18.3.1 DATASET DESCRIPTION

In this paper, we used Olivetti dataset for training and testing data.21 The 
dataset contains 40 different faces and ten different images for every face. 
The overall number of data is 400 images with a dimension of 40 × 40 and 
the pixel values are scaled to [0, 1].

The dataset containing images of the human face having many different 
facial expressions like open eyes or closed eyes, face when smiling, eyes 
having glasses or without glasses, and the parameter of different lighting 
varieties and images taken at different times. All the images were captured 
against a dark background with the faces in an upright, frontal posture. This 
dataset is focused on classification problems.

Figure 18.2 shows the 40 unique faces contained in the Olivetti dataset.
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FIGURE 18.1 Process overview.

Figure 18.3 shows the sample of different varieties of face posture in the 
Olivetti dataset.

The images are scaled to 256 gray levels and stored in format of unsigned 
8-bit integers which will be converted into floating point values on the range of 
[0, 1] in the time of processing. The scaling and conversion of this configuration 
make it easy to work with different algorithm. This configuration also helps us 
to train our data using a lower-end device and making the preprocessing and 
training process easier with minimum computational cost.
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FIGURE 18.2 Forty unique faces.

FIGURE 18.3 Different face postures.
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18.3.2 DATASET PREPROCESSING

Before training the model, we have feature extraction process. In this paper, 
we have used PCA for extracting facial features. It is applied to see likenesses 
and variances in the dataset. This method transforms those images into an 
insignificant set of feature images containing face. This is named as “Eigen 
faces” which is called principal components of the original training images. 
Then the initial dataset and the new image are predictable on the Eigen faces. 
For performing PCA, there are several tasks that have to be done like adjusting 
data, creating a covariance matrix from datasets, finding eigenvalues and 
eigenvectors of the covariance matrix, taking eigenvalue having the highest 
priority, and creating a feature vector. Which characterizes a multivariate data 
form as a smaller set of variables (summary catalogs) in terms of observation 
of clusters, trends, and outliers.

Finally, we gain new data in which dimension is lower than the original 
data and it is our main target to minimize our computational complexity. 
This process helps us representing the data with a different form without any 
information loss as well as making the data dimension lower for reducing 
computational cost.

If we consider the way of getting feature from original data, we can write 
the formula as

 Final Data = (Feature Vector) T × (Data Adjust) T (18.1)

where T indicates transform matrix.
Figure 18.4 illustrates the phase of data before and after performing PCA.

18.3.3 MODEL IMPLEMENTATION

SVM is a very potential classifier that aims to classify data as well as find 
the best possible boundary. It maintains the largest distance from the points. 
We actually wanted the points to stay as far as possible from the boundary. 
Therefore, the paper added two other boundaries that are parallel with the 
main line and have equal distance from the main boundary line and maxi-
mize the distance or margin between the two. For minimizing the error, we 
consider two ways to measure the model including the number of points 
which is misclassified and the wide of a margin. We can calculate total error 
using this formula:

 Error = Classification Error + Margin Error (18.2)
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FIGURE 18.4 PCA.

The closer points get punished less and the far points get punished more. 
This idea will be to minimize error using Gradient Descent. The C parameter 
sometimes we need to select the large margin model or sometimes-small 
margin model for minimizing our error. Therefore, the method depends a lot 
on the data and the problem we approaching which means some flexibility 
here. Those flexibilities are going to be provided by the C parameter. So the 
Error Function can be written as the formula

 Error = C Classification Error + Margin Error (18.3)

The large C Classification Error focuses on classifying points and the 
small C Classification Error focuses on a large margin. SVM faces Overfit-
ting and Underfitting problem, which can be regulated by Regularization. λ 
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is Regularization parameter which is promotional to the decreasing Weight 
Vector. There is no Regularization for the 0 value of λ.

k-NN is a famous and very easy classification algorithm. Main steps of 
KNN including measuring the distance from the unknown point to all other 
points, sorting the data points in ascending order on the basis of distance 
values, from the sorted data points getting K-number of points. In this 
K-number of points which class’s point has in most of the time, the unknown 
point has to be pointed in that class.

18.4 RESULT ANALYSIS

In this section, the performance of the mentioned four classifiers is presented 
with corresponding performance evaluation metrics. At first, we considered 
Confusion Matrix to describe the complete performance of the model.

TABLE 18.1 Confusion Matrix.

Classifier name Predicted actual True False
SVM True 38 2

False 4 36

k-NN True 29 11

False 12 28

NB True 35 5

False 7 33

DT True 27 13

False 15 25

Harmonic Mean between precision and recall is defined as F1 Score. The 
range for F1 Score is [0, 1]. F1 Score is used to measure the preciseness and 
robustness of a classifier.

In this paper, as we are performing a comparative investigation among 
SVM, k-NN, NB, and DT classifier so the performance of these four classi-
fiers has been calculated and analyzed differently.

Then, we again performed cross-validation method to check our acquired 
performance and to perform the comparison between the classifiers perfor-
mance of our used model. We used K-Fold cross-validation model with k 
value of 5 to gain the mean cross-validation score of SVM, K-NN, NB, and 
DT.
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TABLE 18.2 Comparison of Accuracy Score.

Algorithm Accuracy False positive False negative Precision F1 score
SVM 91% 5% 11% 95% 91%

k-NN 71% 28% 29% 72% 71%

NB 85% 13% 16% 87% 85%

DT 65% 34% 35% 67% 65%

The performance of cross-validation is measured using the following 
equation:
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Figure 18.5 shows the cross-validation process to validate the performance.

FIGURE 18.5 Cross-validation.

Here is the performance of algorithms after performing cross-validation.

TABLE 18.3 Comparison of Mean Cross-Validation Score.

Algorithm Accuracy

SVM 88%

k-NN 70%

NB 81%

DT 63%

From the above analysis, we determine that SVM performs better 
accuracy than k-NN, NB, and DT. As we see in Table 18.3, SVM performs 
accurate prediction for 91% of cases, where the k-NN, NB and DT 
perform accurate prediction for 71%, 85%, 65%, respectively. Then we 
perform cross-validation model to validate the performance and ensure 
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the accuracy of SVM, k-NN, NB, and DT in terms of providing the most 
suitable classifier to detect human face correctly and efficiently. Here, we 
have gained the accuracy for SVM classifier is 88% where k-NN classifier is 
70%, NB classifier is 81% and DT classifier is 63% with the face recognition 
technique which defines SVM performs better than other three classifier as 
usual. So, the performed comparative analysis among SVM, k-NN, NB, and 
DT described in this paper can help to inform researchers to choose the best 
algorithm for their work.

18.5 CONCLUSION

In this research paper, we have worked with the applications of image 
processing called face recognition and also performed a comparative analysis 
among four classifier algorithms SVM, k-NN, NB, and DT. Firstly, the 
dataset goes through a preprocessed method, and then the feature is extracted 
using PCA. Four mentioned classifiers algorithms are used to find the best 
accuracy in terms of recognizing human face. From the overall investigation, 
we find that SVM gives better results than others three classifier by analyzing 
the accuracy score and mean validation score for both of them. K-Fold cross-
validation has been used to find out the accuracy of the algorithms. In future 
we want to work with our own datasets.

As comparative study on classifier algorithms will be very helpful for 
programmers to decide during choosing classifier algorithms to train the 
recognizer model. For this paper, face recognition techniques face some 
problems such that poor image quality, small size images, different face 
angles, data processing, and storage can cause poor accuracy of classifier 
algorithms during training the dataset.
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CHAPTER 19

ABSTRACT

To draw in new researchers, the study of abnormal and violent activity detection 
has become an important topic of study in computer vision and image processing. 
We are all familiar with intelligent security systems based on video monitoring, 
where a security guard witnesses violence and alerts the appropriate authorities. 
But as a result, the process becomes reliant. Delay in reporting the casualty may 
result in significant harm or damage. However, the design model enables the 
end user to instantly report the most frequent casualties that occur in public, 
such as fires, automobile accidents, violence, and weapons (guns), by simply 
visiting the website and uploading the causality image, which will immediately 
report to the relevant authority. This paper's goal is to visually identify the 
casualty. The YOLO-V7 algorithm is utilized by the suggested technique. The 
suggested approach compares the number of false positives and false negatives 
with the Faster RCNN by using the YOLO-V7 algorithm.

19.1 INTRODUCTION

Casualty is a phenomenon that can occur at any time, at any given moment. 
If reported late, some casualties might have a significant negative impact on 
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the environment. The created machine learning model is capable of spotting 
violence, fire, and weapons (including guns). The YOLO V7 method is used 
by the model to find the casualties. For instance, if a fire breaks out in a 
public area and is not reported right away, the amount of destruction will 
rise. A weapon (gun) can cause defacement in public if it is held out in plain 
sight by an unidentified person. One’s life can be saved by reporting the car 
collision right away. Also, it is critical to swiftly stop public violence.

Our project’s goal is to create a website powered by Machine Learning 
and Deep Learning that can identify and notify the authorities of incidents 
like fires, shootings, accidents, and fights. This website can be quite helpful 
in delivering prompt aid and improving public safety in the modern world, 
where similar situations are occurring increasingly frequently. The proposed 
system can be used to alert casualties caused at various public places as soon 
as possible to the authorities. Casualties can be caused by human behavior 
or natural calamities.

Advanced machine learning techniques are used on our website to 
analyze user-uploaded image data. The technology is capable of precisely 
identifying patterns and objects connected to the episodes of interest, such 
as flames, guns, damaged vehicles, and physical altercations. The website 
instantly alerts local authorities when an incident is found, giving them 
access to real-time information about the issue and empowering them to take 
the necessary action.

Our website, in our opinion, has a great deal of potential to increase 
public safety and save lives. We can quickly recognize and respond to crises 
by utilizing the power of machine learning, which reduces response times 
and boosts the overall performance of emergency services. With the help of 
our project, we seek to make law enforcement, emergency personnel, and the 
general public’s lives safer and more secure.

Overall, the idea significantly improves public safety by speeding up the 
process of reporting hazardous situations and doing so in a more thorough 
and understandable way. Also, this will make it simpler and faster for users 
to record the appropriate casualty.

The main objective of this research is to categorize violence as well as 
abnormal activity detection from videos utilizing computer vision, as well as 
to identify the best practices currently in use.

Using the aid of the systematic review approach, we analyze the research 
that is currently available in this field. The study that is provided is assessed 
using predetermined standards. Sort the evaluation process’s results into 
categories based on their applicability. Articles on the identification of 
violence are included in the sample of the systematic examination.
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A fire detection engine based on video processing will be presented in 
this study. The contributions of this work include the detection of fire in 
real-time video streams, the separation of controlled from uncontrolled 
fires, and the generation of uncontrolled fire alarms. To detect movement in 
the frames, the suggested engine first subtracts the backdrop from them. The 
color detection module that locates the fire region is applied to the resulting 
frame. Once the fire region has been located, the wavelet coefficients of 
the area are used to calculate the fire signal’s energy. The evaluation distin-
guishes between fire and non-fire regions based on the energy present in 
these areas.

19.2 PROPOSED SYSTEM DESIGN

The developed model is a combined approach of Web development, Machine 
Learning, Deep Learning, Artificial Intelligence, and Computer Vision. The 
suggested method looks for three crucial qualities to identify fire. These 
are the energy, color, and mobility of fire. Both regulated and potentially 
dangerous fires have these characteristics. In order to differentiate between 
controlled and hazardous fire, the rate of fire region increment is used. The 
suggested method looks for three crucial qualities to identify fire. They 
represent the energy, color, plus mobility of fire.

Both regulated and potentially dangerous fires have these characteristics. 
In order to differentiate between controlled and hazardous fire, the rate of fire 
zone increase is used. The suggested method looks for three crucial qualities 
to identify fire. They represent the energy, color, plus mobility of fire. Both 
regulated and potentially dangerous fires have these characteristics. In order 
to differentiate among controlled versus hazardous fire, the rate of fire zone 
increase is used.

Figure 19.1 shows the architectural model of the proposed system that is 
Computer Vision for Casualty Detection. In that, it shows about the process 
to follow for the actual detection of causality using computer vision, machine 
learning algorithms, and prediction techniques. The proposed engine detects 
moving things when it starts up, the live video feed. Using moving objects 
is an identified approach for background subtraction. The color of the object 
that moves is then compared to fire using a color detection technique. To 
enable additional fire features, the selected pixel values were given this 
wavelet processing. Object detection establishes an object’s presence, while 
localization establishes the object’s position inside the image.
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FIGURE 19.1 System design architecture.

19.2.1 USER INTERFACE

User interface is a key means by which the user will interact with the model, 
this interaction is possible with the help of a website where a detailed 
description of the system usage is provided.
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19.2.2 MACHINE LEARNING MODEL

The developed system uses the YOLO V7 algorithm for detection purposes 
and is completely responsible for analyzing the detection patterns in the 
uploaded images and generating the desired output.

19.2.3 IMAGE DETECTION

Once the image is detected for the happening casualty an alert message 
will be promoted to the managing authority. If the model does not find any 
type of damage in the uploaded image it will not process toward the next 
iterations.

19.3 RESULTS AND DISCUSSION

In this section, we will analyze some of the expected outcomes or results of 
the proposed system, during testing as well as training the proposed system 
we are able to find the following desirable outcomes from the proposed 
system architecture.

19.3.1 FIRE DETECTION

To identify flames or smoke in an image or video feed, this module uses 
computer vision techniques. It can also pick up temperature variations 
that can point to a fire. The device may set off sirens, alert authorities, 
and offer information about the location and intensity of the fire when it 
detects one.

19.3.2 ACCIDENT DETECTION

To recognize vehicles, pedestrians, and other things in an image or video 
feed, this module utilizes object detection and recognition algorithms. Addi-
tionally, it can recognize patterns of motion that can point to an accident, like 
abrupt stops or impacts. The technology may immediately notify emergency 
personnel and offer details about the location and severity of the accident 
when one is identified.
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FIGURE 19.2 Fire detection model before.

FIGURE 19.3 Fire detection model after.

FIGURE 19.4 Accident detection before.
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FIGURE 19.5 Accident detection after.

19.3.3 VIOLENCE DETECTION

To identify when a physical altercation or fight is occurring, this module 
employs computer vision and audio processing algorithms. It can pinpoint 
the number of participants, the severity of the violence, and the scene of 
the altercation. The system can inform security staff or law police when a 
conflict is present and provide real-time video feeds to aid in their response.

FIGURE 19.6 Violence detection before.
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FIGURE 19.7 Violence detection after.

19.3.4 GUN DETECTION

This module detects guns or other weapons in an image or video feed using 
object detection and recognition techniques. Also, it can spot movement 
patterns that can point to a danger. The device can notify security guards or 
law police when a gun is present and offer details about the threat’s location.

FIGURE 19.8 Gun detection before.

19.4 PROPOSED SYSTEM

Our project is a website powered by machine learning that seeks to identify 
and notify authorities about fire, gun, accident, and conflict situations. The 
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suggested system is made up of a number of parts, such as data preparation 
and collecting, model selection and training, and website construction.

FIGURE 19.9 Gun detection after.

19.4.1 DATA GATHERING AND PREPARATION

The initial part of the suggested method entails gathering a sizable dataset 
of labeled photos associated with the relevant incidents. We get pictures 
from many places, such as social media sites and open databases. In order 
to preprocess the data, we resize the photographs to a standard size, remove 
noise, and format them appropriately.

19.4.2 MODEL SELECTION AND TRAINING

To identify occurrences from the photos, the second part of the proposed 
system comprises choosing and training a deep learning model. We compare 
the performance of numerous cutting-edge models and choose the best one. 
Using the preprocessed dataset, we then refine the model to attain high 
accuracy and reliability in recognizing occurrences.

19.4.3 WEBSITE DEVELOPMENT

The final element of the suggested strategy entails creating the website itself. 
We create a straightforward user interface that makes it simple for users to 
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upload photographs. The website uses the trained deep learning model to 
scan uploaded images and identify any instances of fire, gunfire, accidents, 
or fights. Local authorities receive real-time information about the situation 
via the website when an event is detected, allowing them to react swiftly and 
efficiently.

The suggested approach, taken as a whole, offers a considerable improve-
ment in the use of machine learning for public safety. Our technology, we 
believe, may contribute to a safer and more secure society, safeguarding 
lives and property and enhancing the overall efficacy of emergency services 
by enabling rapid identification and reaction to emergencies.

19.5 ALGORITHM

You Only Look Once, or YOLO is a technique which employs neural 
networks to recognize objects in real-time. The effiectiveness and rapidity of 
this technique account for its success. It is currently used in many different 
contexts to distinguish between animals, people, parking meters, including 
traffic signals. The leading object detection algorithm in the field of computer 
vision is called YOLO, and it is a state-of-the-art algorithm.

In the past, people have employed methods like R CNN, Fast R CNN, 
and Faster R CNN, as well as sliding window object detection. But because 
of its speed and precision, YOLO has since its creation in 2015 become the 
industry standard for object recognition.

To recognize things in real-time as well, a clever convolutional neural 
network (CNN) known as YOLO is applied. The technique applies a single 
neural network to the entire image, segments it into regions, and estimates 
boundaries, and possibilities for every area. These boundaries are weighted 
using anticipated likelihood. YOLO is well-liked since it can operate in real-
time while achieving outstanding precision. The method “only looks once” 
at the image in the sense that it just needs to execute one forward propagation 
run through the neural network to generate predictions, neural network for 
forecasting.

19.6 CONCLUSION

To sum up, our project is a website powered by Machine Learning, Deep 
Learning, and Artificial Intelligence that can identify and notify authorities 
about Fire, Gun, Accident, and Violence occurrences from photographs 
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posted by users. Advanced machine learning methods are used in the project 
to evaluate photographs and find certain objects and patterns connected to 
the episodes of interest.

FIGURE 19.10 Proposed algorithm working.

We have shown how machine learning can improve public safety and 
emergency response through the project’s progress. Our solution can increase 
the overall efficiency of emergency services, cut down on response times, 
and ultimately save lives by enabling rapid identification and reaction to 
emergencies.

We think that our initiative might be a useful resource for first responders, 
law enforcement, and the public. Authorities can respond swiftly and effec-
tively to incidents by using the system’s ability to offer real-time information 
about them.

In the future, we understand how crucial it is to continue working together 
and innovating in this field. Advanced machine learning algorithms that can 
increase the precision and dependability of event detection require continual 
research and development. We also support responsible and open deploy-
ment of such technologies while acknowledging the ethical and legal issues 
involved.

In conclusion, our study marks a significant advancement in the use of 
machine learning for public safety, and we anticipate that it will help create 
a society that is safer and more secure.
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CHAPTER 20

ABSTRACT

In the era of self-driving cars, ADAS (Autonomous Driver Assistance Systems) 
implement the functionality of Traffic Sign Recognition (TSR). Implementa-
tion of the TSR technique as a driver assistance technique can help the vehicle 
to recognize the image and then categorize images of traffic sign boards on 
the road. This paper pre-processes and trains various traffic sign board images 
using Convolutional Neural Networks (CNN). The CNN model learns from 
the standard German Traffic Sign Recognition Benchmark (GTSRB) dataset 
which includes 35,000 images that are divided into 43 classes such that each 
class is having similar images. Max pooling layers are used to extract highly 
accurate features of input images. In this paper, sequential API is used to 
arrange the Keras layers in sequential order along with ReLU and SoftMax 
activation functions. The model gets fit with 43 neurons in the dense layer 
and the epoch value equals 20. The model once trained and tested gives an 
accuracy of 94%. The model is then deployed using the Python Flask server.

20.1 INTRODUCTION

Self-driving cars are one of the most talked about topics of this decade. These 
vehicles are based on intelligence, they are driverless cars that themselves can 



334 Applied Soft Computing Techniques

detect and identify the traffic signals and traffic signs and take the required 
actions. It may happen that due to some conditions, the traffic sign may not 
be noticed by humans, in such cases the Intelligent Transport System can 
detect the signs and recognize them. In a country like India where there is 
a huge crowd on roads, there is a high probability of accidents, hence, to 
avoid them and to prevent heavy traffic, it is important to follow the traffic 
signs which are present on either side of the road. There are various network 
architectures used to build a TSR system, and each of them has its own 
accuracy, for example, RMR CNN, Mask R CNN, Fast R CNN, etc.

In this paper, the GTSRB standard dataset is used, which consists of 
35,000 instances of traffic sign board images divided into 43 different 
classes. In deep neural networks, convolutional neural network is a type 
of technique that is majorly used in computer vision. It consists of various 
layers which all together help to recognize and classify the images in the 
dataset. It consists of activation functions named ReLU and SoftMax. 
The accuracy of the model is approximately 0.9403. TSR model is imple-
mentable in various autonomous vehicles as well as an application of driver 
assistance systems.

20.2 LITERATURE SURVEY

The research in the field of TSR is vast. Researchers have developed and 
implemented the TSR model according to its applications, mainly TSR 
has two types of functional applications, TSD and TSC. TSC and TSD 
Researchers of “Indian traffic sign detection and recognition using deep 
learning” studied and implemented the robust TSR model using advanced 
and efficient CNN algorithms like RMRCNN, they proposed the accuracy 
of their model to be 97.08%.1 LeNet-5 is another CNN-based framework 
that is used to classify the images which involved the color probability 
generation using HSV.6 Researchers from Shiga University, Japan studied the 
various problems faced by the TSR model while detecting and recognizing 
the traffic sign images.5 Students from Mumbai University proposed the 
model of TSDC (Traffic sign detection and classification), where they used 
the deep learning framework YOLO.4 Additionally, deep learning-based 
techniques for recognition algorithms have a high accuracy recognition 
rate, but some issues, including high complexity and lengthy processing 
times, do exist.2 As a result, it is vital to improve the classification process 
of deep learning algorithms. The support vector machine (SVM) is used to 
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recognize traffic signs. Adaboost first screened the candidate recognition 
images before the SVM classed them. Although the detection time was 
lengthy, the recognition accuracy was good.2 Numerous research organiza-
tions have made available traffic sign data sets. The GTSRB, one of these 
data sets, is commonly used (Standkamp et al., 2011). This collection was 
created for the International Joint Conference on Neural Networks (IJCNN) 
TSR competition in 2011. Featuring a total of 51,839 items, the GTSRB set 
consists of 43 categories (39,209 for training and 12,630 for testing). Some 
of the classifications included are restricted speed, mandatory, cautionary, 
de-restriction, and other enforceable signs. Pixels on the signs, which can 
be anywhere from 1515 to 222193, have a 10% margin. Labeled photos 
with actual ROI size and position make verification of results easy in the 
GTSRB, which is focused on recognition of signs with small backdrops. 
For detecting signs, the GTSDB was made for an IJCNN 2013 competition 
and includes 900 photos in three categories (prohibitory, required, hazard) 
with 600 for training and 300 for testing. Employing machine learning 
algorithms to differentiate traffic lights in images and video sequences has 
become a popular method for a wide range of features. However, relying 
solely on manmade features limits the effectiveness of techniques when 
distinguishing true signals from fake signals in complex driving scenarios 
(Yuan et al., 2019). Neural networks (NN)13 have emerged as a prominent 
detection approach for both classification and detection as demonstrated by 
Prem Kumar et al. (2019). Scene images can be accurately segmented using 
random forests as shown by Ellahyani and El Ansari (2017a). As part of 
their pre processing phase, the authors implemented a mean-shift clustering 
technique. Following that, the relevant sections were identified using a 
random forest classifie r utilizing appropriate colors. Additionally, Ellahyani 
and El Ansari (2017b) used SVMs to classify color-segmented shapes as 
triangles, circles, or rectangles.

Table 20.1 gives a summary of the literature survey with their advantages.

20.3 METHODOLOGY

In this paper, the processing and working of CNN are studied. CNN is an 
interesting computer vision algorithm to recognize as well as categorize 
photos based on their content. Figure 20.1 shows the system architecture in 
which feature extraction and classification is done with different convolu-
tional layers.
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TABLE 20.1 Literature Survey.

Sl.No. Year Title Advantages Remark

1 2022 “Indian Traffic sign detection and 
recognition using deep learning.”

Demonstrated strong performance under a 
variety of circumstances, including changes 
in scale, light, and orientation.

A broad range of traffic sign catego-
ries was successfully used to validate 
the developed CNN variation.

2 2021 “Robust traffic sign detection and 
Recognition using YOLOv2.”

With various data augmentations, training 
data showed increased resilience.

Additional difficulties were addressed, 
such as the paucity of training data 
and the rise in the number of detec-
tions in each environment.

3 2021 “Detecting traffic signs on the road by 
first classifying traffic sign images using 
CNN on GTSRB and then on Indian 
traffic signs using the Indian dataset.”

Classification of traffic signs using CNN 
with different filters helped improve the 
system by selecting the most accurate 
model with proper accuracy.

Good accuracy of the model helps the 
system to improve its work.

4 2020 “Classification of the image for 
extracting information from the picture 
by marking the image pixels to different 
classes.”

Studied all facets of machine learning 
as well as the fundamentals of the CNN 
architecture.

A comparison of hybrid CNNs 
was done, and it was discovered 
that CNN-LSTM produced greater 
performance.

5 2018 “To evaluate performance on image 
recognition and detection dataset using 
CNN models.”

Using MNIST datasets, recognize hand-
written digits using OCR (Optical Character 
Recognition), verify signatures, etc.

The accuracy of MNIST is good; 
however, training with several epochs 
can increase the accuracy of CFAR-10.
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20.3.1 CONVOLUTIONAL OPERATION

This is the very first step in CNN where the image pre-processing takes 
place. Using the sliding window approach the filters of n × n dimensions 
are placed over the actual grid of the image. The values of the filter grid 
get multiplied by the pixel values of the concerned ROI of the input image. 
This will eventually indicate the presence of edges in the image, such as 
horizontal and vertical edges.

20.3.2 POOLING LAYER

Pooling is another layer of CNN operation. In this paper, the MaxPooling 
layer methodology is implemented. MaxPooling helps in extracting the 
predominant features of an input image by using a suitable stride value. 
MaxPooling extracts the feature which is having a high average convolutional 
value. This operation is implemented after the convolutional layer to enhance 
and sharpen the features of images.

20.3.3 FLATTENING

In this layer, the features extracted from the convolutional layers and the 
pooling layers are transformed into the one-dimensional matrix.

20.3.4 FULL CONNECTION

The flattened matrix of accurate image features is then supplied as input to 
the ANN. The connection of CNN operations with this ANN is known as 
the Full connection step, where the hidden layers in this ANN have neurons 
and have a connection between each neuron of the first layer with that of the 
next layer.

20.3.5 DENSE LAYER

Fully connected layers in ANN creates a dense network which is having 
43 final neurons (this represents 43 different classes of our traffic sign 
images). The dense layer prefers using the SoftMax activation function 
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which is used for multiclass classification by converting the integer values 
to the probability that showcases and predicts the class labels of respective 
images.

FIGURE 20.1 System architecture.

The photos of traffic signs available in GTSRB are obtained from footage 
acquired by the vehicle-mounted camera.

The GTSRB comprises 43 kinds of traffic signs, as illustrated in Figure 
20.2, and there are different numbers of the various types of traffic signs. 
Each sort of traffic sign has its own catalog, which is made up of a CSV 
file with a class description annotation on it and a single image from 
several tracks (each track includes 30 pictures). GTSRB may also be split 
into six groups based on the diverse instruction contents, as indicated in 
Figure 20.3: speed limit, hazard, required, impermissible, de-restricted, 
and distinctive traffic signs. Different resolutions, illumination settings, 
atmospheric conditions, diffraction degrees, tilt levels, and other photos 
are included in the same type of traffic sign, making the dataset more 
consistent.

Because the photos had varying dimensions and were RGB images, pre-
processing was required before uploading the images to the CNN network. 
The photographs are converted to greyscale versions, and their size is also 
roughly decreased to 30 × 30 pixels. The photos are all meticulously tagged 
and stored in their appropriate files because there are 43 output classes in all, 
each of which represents an Arabic traffic sign. From one class to another, 
the number of photos per class varies.
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FIGURE 20.2 Classes containing images.

FIGURE 20.3 Metadata.

The initial steps in building the CNN model architecture are as follows:

Step 1. First, we must add the layers in the sequence such that: convo-
lutional layers, a MaxPooling layer, one Dropout layer, and a 
flattening layer.
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Step 2. The count of filters in the convolutional layer is given. It convolu-
tionally transforms the source pictures and creates the feature map.

Step 3. Positive feature values are preserved while negative ones are 
eliminated by the ReLU. The pooling layer employs MaxPooling 
to reduce image dimensions while enhancing important features 
using the rectified feature map as a starting point.

Step 4. During the training process of a neural network, dropout layers are 
utilized to prevent overfitting by deactivating certain input neurons.

Step 5. By contrast, flattening layers create a one-dimensional array 
from the input feature map. All outputs from the prior layer are 
then transmitted to the following completely connected layer by 
the dense layer.

Step 6. After these layers have been added, the model is created and 
trained using the dataset's processed image data.

Step 7. Once training is complete, the trained model is used to predict 
the test data and the resulting output includes the assigned sign 
name and class ID.

FIGURE 20.4 Flowchart to understand how a sign is recognized.

Figure 20.4 shows the flowchart to understand how a sign is recognized 
by processing an input image from a dataset. An input can be passed through 
a filter during convolution, leading to activation. The resulting feature map 
shows the positions and intensity of identified features in an input, like an 
image. This linear process, much like a standard neural network, then multi-
plies the input by a set of weights. The approach in question was designed for 
analyzing two-dimensional input. To achieve this, the filter or kernel, which is 
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a two-dimensional array of weights, multiplies with an input data array. The 
outcome is a single value that signifies the application of the filter upon the 
input array. By repeating this process multiple times and applying the filter to 
different sections of the input array, we get a two-dimensional output array that 
re presents features in our desired output map hence the name “feature map.”

The ReLU transform function is applied to nodes in a neural network and 
only triggers activation if the input surpasses a set threshold. If the data falls 
below that designated point, the output will be zero. Additionally, this trans-
formation boasts a linear relationship with its dependent variable. During 
pooling, we decrease the picture stack size. The process involves passing 
through an activation layer before flattening the retrieved feature map into a 
one-dimensional array.

The network’s last layer connects all the neurons from the previous levels 
to the succeeding ones. This can be compared to how high-level thinking 
explores all possible routes from input to output. The downsized picture is then 
placed in a single list, obtained by passing it through two layers of convolution, 
Re LU, and pooling before converting it into a single file or vector. Figure 20.5 
shows pre-processing and training results on the input image.

FIGURE 20.5 Pre-processing and training.
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20.3.6 RESNET

The two possibly most well-known backbone networks nowadays are ResNet 
and DenseNet, and they are used in most deep learning-based systems. 
Despite their outstanding popularity and competitive performance, both 
have intrinsic flaws. ResNet’s representational capacity is constrained by the 
identity shortcut that stabilizes training, DenseNet, on the other hand, has 
more capacity because of multi-layered feature combining. Merging densely, 
on the contrary, introduces a new challenge by needing expensive GPU 
RAM and additional training time. This contributes to the fact that choosing 
between ResNet and DenseNet is not an easy decision. To analyze them, this 
study offers a unified perspective on dense summation, which makes it easier 
to perceive their fundamental differences. In addition, we propose dense 
weighted normalized shortcuts. The dense shortcut we propose follows the 
design philosophy of ResNet and the fundamental design of DenseNet. The 
outcome of the experiment demonstrates that the DSNet suggested ResNet 
and DenseNet while using much fewer computational resources on a few 
benchmark datasets.11

The residual block serves as ResNet’s primary base component. The 
complexity of processing increases as we delve further into the network with 
several levels. In their stead, we attempt to fit a residual mapping. Each layer 
of these stacks attempts to uncover some underlying mapping of the desired 
function which is shown in Figure 20.6.

Because the source of these blocks’ input is merely an input, we will 
utilize deep neural layers to test if they fit some residual of our h(x) - x rather 
than the intended function h(x). Essentially, the input is just accepted and 
sent through as an identity to the conclusion of this section, where the skip 
link is taken. If no weight layers were present, the input would just be the 
identity. The outcome would be the same if we did not use further weightage 
layers in order to learn some delta for some residual from our x.12

Here, because there are so many levels in the network, understanding 
H (X) gets progressively more difficult as we go deeper. As a result, in this 
example, we made use of the skip link and discovered f(x) as the input of x. 
As a result, f(x) is referred to as an output.

ResNet organizes all blocks as a stack, quite closely. The advantage of 
the highly complex design is, that it enables approximately 150 layers, which 
are then periodically built on top of one another. Furthermore, we employ 
stride as two up to spatially down samples and increase the number of filters. 
The thousandth layer was eventually fully connected to the output classes. 
Figure 20.7 shows the Code snippet of ResNet50.
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FIGURE 20.6 ResNet system architecture.

FIGURE 20.7 Code snippet of ResNet50.

20.3.7 DENSENET

Dense blocks are the basic units of DenseNet. Layers are closely interwoven 
within these blocks: each layer receives input from the output maps of 
elements of previous levels. Since each layer receives more supervision from 
the layer above it because of the excessive reuse of residuals, deep supervi-
sion results, which makes the network more powerful.10

Each layer in the DenseNet design is strongly connected to the layers 
above it, increasing the use of the residual mechanism. Because they are 
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all shared through common knowledge, the learned characteristics are not 
replicated due to the model’s compactness, to train densely coupled deep 
networks where the short connections brought on by implicit deep supervi-
sion allow the gradient to flow back more readily.

In a significant part, DenseNet was developed to address the deteriorating 
accuracy brought on by high-level neural networks’ disappearing gradient. 
Simply said, the increased distance between the input and output layers 
causes the information to disappear before it reaches its destination. Figure 
20.8 shows the Code snippet of DenseNet.

FIGURE 20.8 Code snippet of DenseNet.

20.4 RESULTS AND DISCUSSION

In the base CNN model, the input layer is of shape 200 × 200 followed by 
the zero-padding, Next, a 2D convolution network layer with momentum 
0.99 and epsilon 0.001 was added, followed by a batch normalization layer, 
pooling, and the ReLU Activation Layer are next, and the SoftMax activa-
tion function is followed by a Flatten layer and a Dense layer which is shown 
in Figure 20.9.

Then, we assess the precision and loss of the trained model, and it can 
be given as model loss and model accuracy graph as shown in Figures 20.10 
and 20.11, respectively.

Then, we use DenseNet where we download the pre-trained weights for 
the DenseNet121 model, change the input shape for the top layer, add the 
pooling layer, and then add a dense network of SoftMax activation layer. 
Then, we use REsNet50 to reduce the gradient problem as it stacks all those 
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convolutional layers that have no significance or less significance. Finally, we 
train and test the model with a validation accuracy of 0.9048. Figures 20.12 
and 20.13 show output for these stages.

FIGURE 20.9 CNN model.

FIGURE 20.10 Model loss.
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FIGURE 20.11 Model accuracy.

FIGURE 20.12 Home page.
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20.5 CONCLUSION

Based on the GTSRB standard dataset, traffic sign classification and 
recognition tests are carried out in this study. The CNN-based classification 
model is continuously trained and tested to obtain the favorable prediction 
and precise identification of traffic signs. Focus is placed on CNN research 
and the capacity of deep learning models to categorize pictures. The model’s 
implementation result after training and testing indicates that it is around 
94.01% accurate and correct. We used the value Epoch = 20 to fit the model. 
Forty-three classes were created from 35,000 photos. As demonstrated in 
Figure 20.5, accurate selection and extraction of picture features using the 
CNN algorithm contributed to improving the deep learning model’s accu-
racy. When a network is flattened, every neuron in the topmost layer is 
connected to every neuron in the layers below and above it. This represents 
higher-level thinking where all possible connections between the input 
and the outcome are considered. Once it has been through two layers of 
convolution, ReLU, and pooling and has been transformed into a single 
file or a vector, take the downsized picture and place it in the single list. In 
Table 20.2, we can give a comparison between various deep learning-based 
classification techniques.

FIGURE 20.13 Output UI.
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TABLE 20.2 Comparison Between Various Deep Learning-Based Classification Techniques.

Neural network architecture Description Accuracy

LeNet-5 A classic CNN architecture consisting of 
convolutional and fully connected layers.

~98.8%

AlexNet A deep CNN architecture with multiple 
convolutional and fully connected layers.

~99.3%

VGG-16 A deep CNN architecture with 16 convolu-
tional layers and fully connected layers.

~99.5%

GoogLeNet (Inception) A deep CNN architecture with parallel and 
multi-scale convolutional operations.

~99.1%

ResNet-50 A deep residual network with 50 convolutional 
layers, using skip connections.

~99.6%

DenseNet-121 A densely connected CNN architecture with 
feature reuse among layers.

~99.7%

MobileNetV2 A lightweight CNN architecture optimized for 
mobile and embedded devices.

~99.0%

EfficientNet-BO A scalable CNN architecture that balances 
model size and computational cost.

~99.2%

20.6 FUTURE SCOPE

The TSR technique using deep learning technology can be implemented and 
used for further research on real-time detection of traffic signs on roads. 
The camera can be mounted on the front side shield of the car and capture 
images of traffic sign boards, these images can be supplied as input to the 
TSR model which can classify the images and display the output label.

KEYWORDS

 • CNN

 • max pooling

 • ReLU

 • Keras

 • SoftMax

 • traffic sign classification

 • hidden layers
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CHAPTER 21

ABSTRACT

The world population is increasing rapidly, but supplying food for such a 
population is very difficult. If the farmers follow traditional techniques, crop 
yield is very low. So, in order to overcome this problem, the farmers have 
to follow advanced techniques where suitable crop fields are used. For this 
purpose, satellite images are used. The satellite images are preprocessed, 
and features are extracted by using optimization techniques. In this work, 
hence, to find the soil’s chemical properties and suitable crops, the coati 
optimization algorithm (COA) was developed with the required features. 
The imported satellite images were initially filtered and entered into the 
classification phase to forecast the present chemical features and suitable 
crops in specific soils. After detecting the chemical features, soil textures like 
sandy, silt, and clay were categorized; crops like jute, rice, lentil, and potato 
were considered. Finally, the proposed model is executed in the MATLAB 
environment and has gained better results by achieving the lowest error rate 
of 6% and a high prediction score of 94%. The proposed model has achieved 
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exact soil texture analysis for complex satellite images. The gained texture 
analysis outcome is quite better than other existing models.

21.1 INTRODUCTION

Soils can be classified by considering the real-time data by using satellite 
images over the last 50 years,1 and because of this, the crop can be identified 
easily.2 In recent times, there has been a growing influence about the 
environmental hazards as a result of the excessive pesticides and fertilizers 
in the farmlands, which rate the spatially variable landscapes.3 The most 
essential indicator of the fertility and quality of the soil, food security, and 
agricultural productivity is termed soil organic matter (SOM), which is the 
necessary component of the worldwide carbon cycle.4 SOM needs increased 
chemical application rates of some herbicides because of the absorption of 
herbicides on the cation exchange complex. It elaborates on the organic 
matters of diverse nature and characteristics.5 It is the core variable for the 
evaluation of agricultural or farmland management. The quick and minimum 
cost determination of SOM spatial distribution offers the timely management 
of the agricultural lands.6 The essential negative correlation between the SOM 
and spectral reflectance of the soil predicts the SOM spatial distribution. 
The SOM management also influences the environmental impact of the 
soil organic carbon (SOC) storage capacity.7 This minimizes the effects of 
CO

2
 on global warming and climatic changes. Therefore, soil management 

needed the evaluation of the SOM and its variability in spatial and temporal 
characteristics.8 Also, this study is essential for the efficient land utilization 
and protection of surroundings. An accurate determination of SOM contents 
will develop sufficient knowledge on maintaining the soil nutrients and 
crops.9

In the current prominent technological improvements, the adoption of 
sensitive agriculture is a necessary process. For this adoption, the development 
of numerous technologies for the computation of SOM contents reduces the 
long-term soil analysis and the cost of mapping of SOM.10 The study of the 
characteristics of the soil through the traditional approaches requires suitable 
temporal and spatial resolution, which is not enough, and a high cost to adapt.11 
So, the study of the soil data using the remote sensing data is introduced for 
the assessment of the soil features, and it becomes an irreplaceable method 
for the identification of spatial patterns at a high resolution and minimizes the 
notable fieldwork.12
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21.2 LITERATURE REVIEW

Soil chemical property prediction is the required objective for the agricul-
tural land to cultivate the different crops. Chaitanya B. Pande et al.13 have 
used the wavelet transforms to forecast the soil chemical properties. Hence, 
to proceed with this process, the satellite Landsat image database has been 
utilized.

To find the appropriate techniques to estimate the salinity score, a detailed 
review has been conducted by D. L. Corwin and E. Scudiero.14 From the 
review assessment, it was verified that the knowledge-based spatial model 
has earned the finest results in analyzing the soil types of features. Also, the 
mapping procedure has helped to attain the graphical outcomes. However, it 
is complex in design and takes more time to execute the process.

JiePeng et al.15 have designed the Cubist regression model to analyze the 
soil features on the basis of climate changes. Here, dual models have been 
employed to measure the soil parameters: soil sampling and regression models. 
In the soil sampling, the satellite images were utilized. Moreover, the study area 
was adopted from China. However, it needs more memory spaces for execution.

Xiangtial et al.16 developed the SOC prediction model using SVM, RF, 
and the back propagated network. This method used the hyperspectral data 
for the analysis. Here, the prediction is performed through the selection of 
three optimal bands and indices. It attained the highest prediction accuracy 
results and also acquired a very low rate of root mean square error (RMSE). 
However, the increase in decomposition scale can affect the accuracy results.

The different spectral characteristics aiming the soil samples may vary 
the SOM contents. So, Yilin et al.17 proposed a new grouping strategy for 
the prediction of SOM content in the soil. It establishes the RF model for the 
estimation, and DT performs the grouping strategy for the prediction model. 
Here, the competitive adaptive reweighted sampling minimizes the input 
counts and increases the accuracy. However, at global scale data, the predic-
tion accuracy gets decreased due to the soil’s varying spectral heterogeneity.

Xin et al.18 introduced the regional-based SOM prediction model. It 
utilized the multitemporal satellite imagery data, and the optimal input 
variables for the system are identified by the time interval among the snow, 
plowing, and rainfall. The multidate images have diminished the influence 
of variation in soil moisture content. It improved the accuracy and provided 
support for digital soil mapping. However, multiple representative sample 
points are needed in this model due to the considerable spatial variability of 
soil in order to guarantee a respectable degree of accuracy.
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Zipeng et al.19 introduced the partial least square SVM for the prediction 
of the SOM content. This model utilizes the newly created three-band index 
using band optimization for the accurate prediction of organic matter in 
soil. It increases the estimation and the sensitivity accuracy and maximizes 
the system performance. The three-band index has a robust capacity for 
biochemical parameter estimation. However, the increase in derivative order 
increases the noise level.

Lifei et al.20 suggested the hyperspectral inversion model for the SOM 
content determination based on the AdaBoost algorithm. The characteristic 
band was cantered into the suggested model. By performing the grid search, 
the developed model attains higher accuracy results with maximum preci-
sion at high speed. Also, it leads the way for the improvement of precision 
agriculture. However, the data quality may affect the model’s performance.

On the other hand, the OLI satellite was employed by Abdelgadir 
Abuelgasim and Rubab Ammad21 to map the soil attribute from the 
image data. The designed salinity-index approach has earned the highest 
mapping exactness score in analyzing the soil attributes. Moreover, its 
performance is validated with other empirical models. This index model 
is verified with semiarid and nonagricultural surfaces. It required more 
time to implement.

Analyzing the crop parameters is an important function in choosing 
soil types for planting. So, Bikash Ranjan Parida et al.22 have designed the 
parameter index to measure the biochemical features in the paddy. Several 
biological parameters were calculated from the trained satellite image data-
base. Here, the decision models were used to measure the plant growth and 
soil feature monitoring. In addition, the yield rate has been measured on 
the basis of biochemical parameters. However, more resources have been 
required to execute the process. In some cases, the prediction rate became 
less because of image complexity.

21.3 DATASET

A dataset has been required to analyze the proposed model’s working 
function. After analyzing previous works, it was discovered that the primary 
issue in estimating soil type and plant biological parameters is the amount of 
time and resources required. This problem is caused by the complexity of the 
images used in the process. When images are too complex, more resources 
are needed, resulting in longer execution times and lower prediction accuracy. 
To address this issue, a suitable filtering approach is necessary to filter the 
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trained data. Accurate soil feature estimation is crucial for achieving high 
yields in the agricultural field under the correct climatic conditions. However, 
the complex nature of imaginary data and inaccurate filtering methods pose 
a challenge for ML models in classifying these features. To address this 
issue, a preprocessing function has been implemented in the deep learning 
framework to filter out noisy content before the feature analysis process. 
This step is crucial for achieving a higher prediction score. Hence, the soil 
satellite images were utilized. Moreover, the sample satellite images are 
shown in Figure 21.1.

FIGURE 21.1 Satellite images.

21.4 DESCRIPTION OF THE SYSTEMS

The satellite images are used to measure the soil features and plant biological 
parameters to find the suitable crop for different soils. The proposed research 
is helpful for agricultural applications to cultivate crops with better yields.

21.4.1 NOVELTY OR THE PROPOSED WORK

Initially, the images were preprocessed and imported to the classification 
module for predicting the soil features and plant features. Hence, an improved 
coati convolutional neural-based organic prediction (CCNbOP) system has 
been framed for the soil feature analysis and plant biological parameter 
estimation processes. Initially, the satellite images have been gathered and 
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imported into the MATLAB system. The CNN is used for classifying the 
satellite images through extracted features and provides better classification 
by combining with the COA algorithm. Figure 21.2 shows the basic structure 
of the classification method.

FIGURE 21.2 Methodology.

21.4.1.1 PREPROCESSING

The proposed method is preprocessing the satellite images, which is 
considered the first step. The unwanted noise components in the images 
are removed by using preprocessing. At last, the interference of irrelevant 
regions is reduced by using ROI generation.
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21.4.1.2 EXTRACTING THE FEATURES

The selected features represent the uniqueness of the images for defining a 
class. The extraction of features from many frequencies or scales is aligned 
at different angles with the help of filtering.

21.4.1.3 FEATURE SELECTION

The most challenging task is to select the correct number of features for 
better classification. The problem of overextraction and underextraction can 
be formed by an incorrect choice. PPCA is an effective tool for reducing 
the dataset dimension and allows the reconstruction of the optimal shape. 
While retaining most of the variations, the dataset contains a vast number 
of interrelated variables. For reducing the feature dimension, projection 
vectors are used, which contribute to the highest covariance. In this work, 
K-eigenvectors are selected from the feature input by PPCA for choosing the 
best features from the whole extraction of features.

21.4.1.4 FEATURE OPTIMIZATION

The coati neural-based organic prediction is a metaheuristic algorithm, 
which will be focusing on attacking and hunting the coatis. The obtained 
features are optimized by the proposed algorithm. Important metrics are used 
to identify the performance of the algorithm.

21.5 RESULTS AND DISCUSSION

21.5.1 PERFORMANCE PARAMETERS

In this section, the outcome of the proposed method is evaluated by different 
parameters such as accuracy, sensitivity, RMSE, MAE, and error rate. The 
metrics used for this parameter are described as true positive (TP), true nega-
tive (TN), false positive (FP), and false negative (FN).

Sensitivity: Sensitivity is described in eq 21.1 as the ratio of the TP 
number to the addition of both TP and FN.

 
.

100
. .

No of TP
Sensitivity

No of TP No of FN
= ×

+
 (21.1)
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Accuracy: By using the measure of sensitivity and specificity, accuracy can 
be evaluated. This measurement can be explained in the following eq 21.2.

 100
TP TN

Accuracy
TP TN FP FN

+
= ×

+ + +
 (21.2)

21.5.2 RMSE AND MAE

RMSE and MAE are calculated to check the proposed BUFPS in predicting 
the soil parameters and suitable crop yields. If the method has gained the 
lowest MAE and RMSE, it has earned the finest R2 and prediction rate.

 RMSE = ( )1
 

3
pj oj−∑  (21.3)

 MAE = 
( )zi zj

O

−
 (21.4)

The metric RMSE has been calculated to find the root values of the 
calculated MSE.

21.5.3 PERFORMANCE ANALYSIS

In the following section, various existing methods are compared with the 
proposed method for validating the performance results in kidney image 
classification. The method considered half of the data for training and the 
remaining half for the testing process (i.e., 80:20 sample data). The parameter 
values such as accuracy and sensitivity are computed in Table 21.1.

TABLE 21.1 The Values of Several Parameters of Proposed and Existing Methods.

UR MR BP NN RF UNET BUFPS Proposed

ACC 0.5625 0.5625 0.8125 0.8125 0.8125 0.92041 96.1 97.2

SEN 0 0.333333 0 0 0 0.87765 96 96.5

RMSE 1.414 1.454 1.159 0.814 1.277 1.515 0.492 0.391

21.6 CONCLUSIONS

The obtained results are shown in Table 21.1. By observing the table, 
it is clearly known that the obtained results are more accurate than the 
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existing ones. In the future, the proposed algorithm will be implemented 
by using real-time data. This article presents a new coati optimization 
that predicts soil types in Tarakeswar and suggests suitable crops by 
validating biological standards with soil types. The model's performance 
was measured in two phases, before and after applying bat functions. In 
the preprocessing phase, a satellite image was filtered and modeled in the 
hidden layer of the UNet. The preprocessed image was then entered into 
the feature analysis and soil type specification phase. The model achieved 
an accuracy of 97.2%, with the validation of key metrics such as RMSE, 
MAE, and R2. In the future, specifying the farming region and classifying 
the specific crop yield range will offer a useful outcome. Additionally, 
hyperparameter tuning strategies will provide improved results beyond 
the current work.
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CHAPTER 22

ABSTRACT

Raspberry Pi is highly known for technological advancements in speeding 
up. However, the adoption of technology is generally fairly modest. It is 
common knowledge that most individuals find it challenging to read text 
from paper and books. We thus offer a mechanism that separates the text 
images and transmits them to the Raspberry Pi. The Raspberry Pi reads the 
content from the speaker after processing the text pictures. This makes it 
possible to convert text to speech.
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22.1 INTRODUCTION

Voice/speech synthesis is the process of creating computer systems that 
synthesize written text. It is a method for a computer system to convert written 
text communications into speech utilizing a telephone or a microphone. Even 
though speech recognition technology is still a new field, most developers 
are still unfamiliar with it. However, developers want to learn and exploit 
a number of subtle and potent capabilities offered by computerized speech 
as understanding and implementing the fundamental operations of speech 
synthesis and speech recognition just takes a few minutes. Automatic voice 
synthesis is one of the most rapidly developing fields in speech science and 
engineering. It is necessary to create the speech recognition capabilities 
after installing the system. As a new generation of computing technology is 
supported, it is necessary to create IVR (interactive voice response) systems, 
which represent the most significant advancement in human–machine 
interaction, after implementing the functionality of speech recognition. The 
main idea behind text-to-speech (TTS) technology is to generate synthetic 
speech from the input text.

The speech synthesis can be done in a variety of ways:

a. Easy voice recording and playback as needed.
b. Breaking down speech into 30–50 phonemes (fundamental linguistic 

components) and reassembling them to form a fluent speech pattern.
c. Approximately 400 diaphones were employed (phrases were sepa-

rated at the phoneme center rather than the transition).

The primary feature of modern speech synthesis systems is the artificial 
simulation or production of human speech. How closely artificial speech may 
imitate actual human speech is referred to as its “naturalness.” The purpose 
of this research is to improve the artificial intelligence and naturalness of 
speech synthesis systems.

22.2 LITERATURE SURVEY

In terms of text-to-speech (TTS) and voice conversion (VC), this work 
proposes novel approaches for high-quality statistical parametric speech 
synthesis based on modulation spectrum (MS). Although statistical para-
metric voice synthesis has advantages over concatenative speech synthesis, 
the synthetic speech quality is still subpar when compared to concatenative 
speech synthesis or actual speech. One of the main obstacles to effecting 
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quality loss is the oversmoothing effect, which is often present in the gener-
ated speech parameter trajectories. It has been proven advantageous to main-
tain the global variance (GV) of the generated speech parameter trajectories 
at a level that is comparable to that of natural speech. The oversmoothing 
effect is known to be strongly associated with the GV. However, there is 
still a difference in the quality of natural and synthetic speech. Additionally, 
the correction takes time because each phoneme that is produced must be 
checked separately. In this paper, we present a method for finding contrastive 
phonetization hypotheses to automatically detect problems with the conver-
sion of graphemes to phonemes. A signal-dependent phonetization system is 
constructed using a lattice-based forced alignment technique. An additional 
sequence-to-sequence neural network model is utilized to demonstrate a 
context-dependent grapheme-to-phoneme conversion paradigm. A French 
dataset was used to show that our system has the potential to identify 86.3 
percent of the errors made by a commercial grapheme-to-phoneme system. 
Furthermore, it is maintained that less than 10% of the evaluated entire data 
contains error markings. As a result, the amount of time needed to manually 
examine phonemes can be considerably decreased without compromising 
the accuracy of the phonemic transcription.3,4 Several works on speech 
recognition using soft computing and machine learning are found in the 
literature.24,25

To ensure 1:1 mapping for each utterance with its mirror text file and to 
reduce the signal-to-noise ratio (SNR), vocal leveling, normalization, syllable 
splitting, and merging the recordings were edited under the free digital 
audio workstation (DAW) audacity using continuous frequency profiling 
techniques. The performance of the proposed model was evaluated using 
specialized transcript files; the files were generated from an audio dataset 
of 10 different speakers of recorded speech data, including both males and 
females. According to the experimental results, it is observed that for the test 
dataset, the proposed model obtains an overall accuracy of 71.7%.

22.3 PROPOSED SYSTEM

The difficulty of the existing system is overcome with the proposed system, 
as shown in Figure 22.1. The system’s brain is identified as “Raspberry 
Pi”. Here, an image of the text is being taken with a camera. The image 
processing unit receives the captured image from the camera. The filter takes 
in the output of the image processing and filters out noise signals. The output 
of the filter is sent to the edge reduction component. The output is delivered 
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to the background separation unit. Finally, the result is forwarded to the OCR 
(optical character recognition). Input for the Raspberry Pi comes from the 
OCR output. The Pi recognizes the visual content and produces an audio 
signal as an output signal.

FIGURE 22.1 Block diagram of Raspberry Pi.

The Raspberry Pi 3 is the name of the third Raspberry Pi model. In 
February 2016, Pi3—which is depicted in Figure 22.2—replaced the Rasp-
berry Pi 2 Model B. The Raspberry Pi 3 has the same form factor as the Pi 2 
(and Pi 1 Model B+) and is backward compatible with the Pi 1 and Pi 2. The 
Pi 3’s best feature is that it has the same shape, connections, and mounting 
holes as the Pi 2. All of them include Open GL ES 2.0, OpenVG hardware 
acceleration, and 1080p30 H.264 high-profile decode.6,7,10,13

22.3.1 GENERAL DESCRIPTION OF A WEB CAMERA

For any type of video device, such as TV boards, analog cameras, and USB 
cameras, connected to capture cards, it is possible to use active Webcam 
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to capture photos up to 30 frames per second using FireWire (IEEE 1394) 
camcorders and network cameras. The program may send you the gathered 
pictures through email, start streaming or recording a video, and sound an 
alarm as and when the motion is experienced in the monitoring area. The 
program has options for adding text captions and image logos to pictures, as 
well as for adding a date and time stamp to each video frame and modifying 
the video’s frame rate, size, and quality.

FIGURE 22.2 Circuit diagram for Raspberry connections and Raspberry Pi 3.
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22.3.2 DESCRIPTION OF THE PRODUCT

The webcam device is basically a video camera, which helps to transmit 
and receive real-time images between computers through the internet. These 
images can be downloaded, viewed, or forwarded to other devices as an 
attachment using the internet when a video stream is “stolen”. It is also 
possible to store, view, or resend a video stream to another site in contrast to 
an IP camera, which is connected through Ethernet.

In general, a camera is attached to computer hardware, such as a desktop, 
laptop, or connected to an external device using a USB cable. Specifications: 
minimum 30 frames per second frame rate.9,11

 ¾ Resolution
 ¾ Constant autofocus
 ¾ Microphones

Applications

 ¾ Video conferencing, video calling, and video surveillance.
 ¾ Healthcare services (for capturing arterial pulse rate).
 ¾ Control devices for input.
 ¾ Business (e.g., Webcam social shopper).
 ¾ Household safety.

22.3.3 ALGORITHM: RECOGNITION OF OPTICAL CHARACTERS

OCR is a text recognition system that can identify text in digital photographs. 
Although it can be employed for a number of different tasks, its primary 
usage is for text recognition in scanned documents.

In a digital image, OCR software finds and recognizes characters like 
letters, numbers, and symbols. OCR software varies in its ability to convert 
characters in an image into editable text—some simply export the text, while 
others offer more advanced features. The size, formatting, and location of the 
text on a page may all be obtained as output by more advanced OCR software.

OCR (or soft copy) technology can be used to transform a hard copy of 
a document into an electronic version. Using an OCR program, you may 
extract the text from a multipage document that has been scanned into a 
digital picture, such as a TIFF file, and turn it into an editable text file. A docu-
ment can be scanned and instantaneously converted into a word-processing 
document using some OCR software.
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OCR was created with the intention of recognizing printed text, but it 
may also be used to recognize digital content. The recognition and valida-
tion of handwritten content is another application for it. OCR software is 
used by postal systems like the USPS to automatically manage mail and 
deliveries depending on the address. The computer checks the scanned data 
against a database of legitimate addresses to verify the mailing address. 
OCR software, which makes use of your device’s camera, is included in the 
Google Translate app. You can use it to translate text from books, journals, 
signs, and other materials into another language instantaneously. It can be 
instantaneously translated into another language, as shown in Figure 22.3.

22.3.4 ARCHITECTURE DIAGRAM

FIGURE 22.3 Flow chart of the proposed system.
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22.3.5 PREPROCESSING

Data mining plays an important role in data preprocessing. For data mining 
and machine learning projects, the adage “garbage in, trash out” is applicable. 
The methods used to collect data are frequently unregulated, which leads to 
a variety of issues, including missing data, impossible data combinations, 
and out-of-range figures. Without thoroughly examining the data for these 
problems, analysis can produce inaccurate results. Before conducting an 
analysis, it is necessary to consider the quality and representation of the data. 
For any machine learning project implementation, such as computational 
biology, the data preprocessing is one of the most important tasks.

When there is a lot of redundant, irrelevant, noisy, or erroneous data, it 
is more difficult to uncover knowledge during the training phase. Feature 
extraction, cleaning, normalization, instance selection, transformation, and 
many other operations are included in data preprocessing. The final training 
set is the final outcome of data preprocessing.

22.3.5.1 PREPROCESSING OF IMAGES

The most fundamental image abstraction operation is the preprocessing of an 
image. By performing operations on images, the intensity of images serves as 
both the input and the output. An intensity image is typically described as a 
matrix of image function values (brightness), and images are identical to the 
sensor’s original data. Although geometric transformations of images such 
as rotation, scaling, and translation are categorized here as preprocessing 
methods because similar techniques are applied, the idea of preprocessing 
is to enhance the image data by removing undesirable image features for 
further processing.

22.3.5.2 PREPROCESSING IMAGE PERSPECTIVES

A single chapter cannot adequately cover the vast subject of image processing. 
The objective is to raise awareness of the science of local and global feature 
description, which is frequently ignored in feature description discussions. 
Applications and image data will be in charge of the picture preprocessing 
step; therefore, a few general image processing concerns are discussed here 
while taking feature descriptions into account. The intention is to illustrate 
rather than to give instructions. As the preprocessing changes the true nature 
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of the original data, some people realize that preprocessing images is a bad 
idea. However, intelligent picture preprocessing offers several advantages, 
addressing issues and leading to improvements in both local and global 
feature detection. We examine how common picture enhancement and 
correction techniques impact downstream feature analysis in vision. The 
pipeline may be advantageous or disadvantageous depending on how the 
approaches are applied.

The quality of the results from feature extraction and image analysis 
may be significantly improved by image preprocessing. It is quite similar to 
preprocessing of images, which is a common step in many feature descriptor 
systems and involves mathematically normalizing data collection. Prepro-
cessing of an image as a sound system with different controls, such as sound 
with no volume controls, volume control with a simple knob to control tone, 
volume control with bass and mid, or volume control with a full graphics 
equalizer, effects processing in an acoustically superior room. This paper 
presents picture preprocessing by portraying it as a set of improvements and 
corrections that play a significant role in the computer vision pipeline.

To highlight the similarities and differences between the standard picture 
preprocessing techniques that can be used before feature description, instead 
of prescribing or limiting the techniques employed, this article’s goal is to 
illustrate them. Comparisons of point-pair pixel intensities are the focus of 
local binary features. Image preprocessing may not be necessary to obtain 
useful results because the comparisons are very insensitive to lighting, 
brightness, and contrast. The majority of the existing literature’s descrip-
tions of local binary pattern approaches are based on a threshold value that 
can be changed to take light or contrast into account rather than involving 
considerable image preprocessing. SIFT (operates on small area gradients) 
and SURF (uses HAAR-integrated pixel values over local regions) are two 
spectral descriptors that provide a wide variety of picture preprocessing 
options. Picture pyramids are widely employed in techniques that use image 
preprocessing to present the data in scale space and use Gaussian filtering 
to smooth the higher levels of the pyramid. Before creating gradients to 
enhance the image, simple lighting and filtering can be helpful, for instance, 
increasing contrast of a picture within a gradient-edged range of intensities. 
Preprocessing the image data before feature extraction is an opportunity 
because the literature rarely discusses the advantages or disadvantages of 
any particular strategies used. A Fourier transform applied to a whole image 
or block of an image is an example of a global space feature that spans a 
regular-shaped polygon. However, basis space data such as the Fourier 
spectrum of the LBP histogram, which can be evaluated over the histogram 



374 Applied Soft Computing Techniques

bin values of a local descriptor, may be used to determine rotational invari-
ance. Another example of a Fourier descriptor is to create polygon factors 
for the radial line segment lengths to guarantee rotational invariance. The 
most challenging descriptor family is one based on polygon shape, which 
necessitates a number of measures of the polygon structure and shapes in 
the image for image enhancement, structural morphology, and segmentation 
algorithms. There are phases in the preprocessing of the image, which may 
all be used in polygon shape description pipelines. Picture preprocessing for 
polygon feature extraction usually takes more time to set up compared to 
other methods because segmentation and thresholds need to be adjusted for 
optimal results. Polygon shape descriptors are not local patterns but rather 
broader regional structures with features spanning tens or even hundreds 
of pixels, which makes processing them time-consuming. Preprocessing of 
images is commonly required to correct problems that would otherwise have 
a negative impact on feature description.

22.3.5.3 PREPROCESSING OF THE POLYGON SHAPE FAMILY

Polygons are most challenging in terms of photo preprocessing activities 
because of the vast array of options. The most challenging aspects of 
preprocessing images may be polygon forms; there are a lot of different 
preprocessing techniques that may be used, and the choice of one depends 
heavily on the available data. Polygon shape measurements are rarely applied 
in specific fields due to their limitations and specified use cases, such as 
cell biology. The two most common methods for preparing images before 
measuring polygon shapes are physically fixing the lighting and selecting 
the background. For instance, the fluorescent dye is utilized to highlight cell 
features in automated microscopy applications, and the lighting angle and 
location are then carefully changed under magnification to offer a uniform 
backdrop under each cell feature to be assessed.

22.3.6 SIMPLER TO SEGMENT

22.3.6.1 ENHANCEMENT OF IMAGES

Image segmentation is the way of dividing digital images into sets of pixels, 
also known as superpixels. By simplifying or otherwise altering the repre-
sentation of a picture, segmentation aims to improve comprehension and 
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evaluation of the image. In order to identify object boundaries, lines, and 
curves in images, image segmentation is widely used. Segmentation can also 
be represented in another way as it is the process of identifying each pixel in 
a photograph so that pixels with the same label have unique identification.

In terms of some property or feature of a photograph, such as color, 
intensity, and texture, the pixels in a specific region are comparable. The 
images having the same attribute(s) differ dramatically between nearby posi-
tions. The contours produced by applying image segmentation to a stack 
of images, as is customary in medical imaging, can be used to produce 3D 
reconstructions using interpolation methods like marching cubes.

Segmentation searches for patterns that can be found in any regularity in 
an image utilized to reduce it. This is how these two principles are related. 
The method describes the texture and border form of each segment. A 
probability distribution function is used to mimic each of these components, 
and the coding length is established as follows:

The encoding of boundaries makes use of the smooth contour that 
naturally occurring picture sections have. This is done in Huffman coding 
before the contours of an image are encoded using a difference chain code. 
Therefore, the coding length decreases with increasing border smoothness.

This is so because the largest entropy belongs to the normal distribution 
of all the distributions with the same mean and covariance since the reduced 
length cannot be more than the true length of code achieved by the approach.

With this method, the segmentation is used to determine the amount 
of bits required to encode a picture. The objective is to identify the image 
segmentation from all feasible segmentations that yield the most compact 
coding length. This is obtained by using a straightforward agglomerative 
clustering method. The degree of segmentation coarseness is identified by 
applying the lossy compression distortion method, and the ideal value for 
each image may change. Heuristically, this value can be estimated using 
texture contrast in an image. For example, when a picture’s textures are 
similar, more sensitivity and thus lower quantization are necessary, as in 
camouflage photos.

22.3.6.2 THRESHOLDING

The most fundamental technique for segmenting images is the threshold 
approach. In this method, a grayscale image is converted into a binary image 
by applying a threshold value. Another approach called balanced histogram 
threshold is also available.
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The secret to this technique (or values when many levels are specified) 
is choosing the threshold value. In the business world, the most widely 
used techniques are maximum possible entropy, maximum variance Otsu’s 
approach, and k-means clustering.

Recent years have seen the development of techniques for computed 
tomography (CT) image thresholding. The key concept is that radiographs 
use the reconstructed image to set the threshold values and picture, unlike 
Otsu’s method.

New approaches are proposed using the nonlinear thresholds based on 
multidimensional fuzzy rules. Each pixel is assigned a membership value. 
Images are segmented using evolutionary algorithms and rules built on 
different dimensions using fuzzy logic that take into account the application 
and illumination environment of the picture.

With the use of this technique, which creates a histogram out of each 
pixel in the picture, it is possible to identify the clusters in the image by 
looking at the peaks and troughs in the histogram. Color or intensity could 
be used as the measurement. This method can be improved by recursively 
dividing the large clusters in the image into smaller clusters using the 
histogram-seeking technique. Until there are no additional clusters to be 
generated, this process is repeated with progressively smaller clusters. The 
difficulty of identifying important peaks and troughs in the image may be a 
drawback of the histogram-seeking strategy. While maintaining single-pass 
effectiveness, expanding histogram-based methods is quick to cover many 
frames. The histogram can be calculated in a number of different ways when 
several frames are taken into account. Once the findings are combined, once-
difficult-to-identify peaks and valleys are more likely to differ now when the 
same methodology employed with one frame is used with numerous frames. 
The histogram can also be used to analyze data at the pixel level, allowing 
one to determine the color that appears most frequently in each pixel. 
Segmentation depends on moving objects in a static context; this technique 
creates a unique sort of segmentation that is advantageous in video tracking.

22.3.6.3 DETECTING THE EDGES

A mature field unto itself is edge detection. Region edges and boundaries are 
where the intensity frequently changes sharply; they are closely connected. 
Thus, another segmentation technique has been designed with the help of 
edge detection techniques.
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Edge detection usually reveals disconnected edges. The separation of an 
object from a picture requires closed-area borders. The desired edges are 
those that divide these items or spatial taxons.

Spatial taxons are information grains made up of a sharp pixel region 
that are positioned at abstraction levels in a hierarchically layered scene 
architecture. They share similarities with Gestalt’s psychological figure-
ground classification, but they also include clusters of objects, the main 
object, and noticeable object sections. It is extremely useful to employ 
methods for spotting edges in a strategy.

Segmentation techniques can be used to separate the edges that edge 
detectors have detected. Li and Lindeberg established an integrated strategy 
for part-based object recognition that divides edges based on a suitable easy 
description length of the need into both straight and curving edge segments 
using a strategy equivalent to split-and-merge that may create breakpoints 
derived to get more likely sites at which subdivision into distinct components 
from similar junction cues is assessed.

22.3.6.4 GROWING TECHNIQUES BY REGION

The underlying premise of region-growing algorithms is that adjacent pixels 
inside a region have comparable values. Comparing one pixel to those in its 
immediate surroundings is a common technique. A pixel can be attributed to 
one or more of the cluster’s neighbors if an analogy requirement is achieved. 
Since noise affects results in every situation, the similarity criterion that is 
selected is crucial.

Implementing 4-connectedness to create a network of pixels and edges 
considered by the difference in intensity’s absolute value is the first step of 
the statistical region merging (SRM) method. Each pixel initially creates a 
single-pixel region. After that, SRM prioritizes certain edges and utilizes a 
statistical predicate to select whether or not to integrate present locations that 
correspond to pixels toward the edge.

One strategy for expanding areas is the method of seeded regions. This 
technique accepts the picture and a list of seeds as input. Every segmented 
object is recognized using the seeds. The zones are repeatedly extended by 
comparing them to all surrounding, unallocated pixels. The discrepancy 
between a quantity of intensity at a pixel and the average of the vicinity is 
a metric for similarity. The region is given to the part of the image having 
the least amount of change as determined in this way. Until all of the pixels 
in an area have been assigned, this technique is repeated. The segmentation 
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results depend on the seed selection since seeded region growth requires the 
insertion of seeds, and picture noise can result in the seeds being improperly 
positioned.

One variant of this technology is the pixel intensity method, which 
comprises the intensity, scatter, and mean of the portion. Implementing the 
values of the prospective pixel, a statistical evaluation is calculated. If the 
statistical test is modest enough, the region’s mean and scatter are modified 
when the pixel is inserted. If not, a new region is made and the pixel is 
discarded. Split-and-merge segmentation utilizes an image’s quadtree 
division. This technique begins at the highest point of the picture’s tree, 
which symbolizes the entire picture. If detected to be uneven, divide into four 
smaller squares, and so forth. On the other hand, four identical kid squares 
are joined into a number of connecting parts. A segmented component is an 
item in a tree. The split or merge process is repeated until no more splits or 
merges are possible. The time complexity of the method’s implementation 
can reach its best algorithm with a special data structure.

An approach applied to the fields of picture processing and vision for 
machines to remove the foreground of an image for future processing (object 
recognition, etc.) is background subtraction, also known as foreground 
detection. The areas of interest in a photograph are typically those in the 
foreground, such as people, vehicles, text, etc. This technique may be used 
for object localization following the stage of image preprocessing (which 
may include picture denoising, postprocessing like morphology, and so on).

In static camera movies, removing the background makes it easier to see 
moving objects. The method is based on identifying moving objects using 
the difference between two points, both the present structure and a reference 
structure, often referred to as a “background image” or “background model.” 
Background removal is typically utilized when a picture is a component of a 
video feed. Computer vision applications such as surveillance tracking and 
human posture estimation benefit from background subtraction.

Backdrop subtraction is frequently predicated on a static background 
hypothesis that may not always apply in real-world situations. Reflections 
or animated pictures on screens cause background alterations in interior 
scenarios. Similarly, static backdrop solutions struggle with outside images due 
to wind, rain, or lighting variations brought on by the weather. Morphological 
operations are a group of image processing operations that process images 
based on their forms. A structuring element is applied to an object using 
morphological techniques and identical-sized output and input pictures. Every 
pixel in the resulting picture is determined by comparing the matching pixel 
in the source frame along with adjacent ones in a morphological operation. 
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You can create a morphological operation that is sensitive to specific shapes 
by modifying the nearby area’s shape and dimension, and the input image is 
transformed.

The two most fundamental structural processes are dilation and erosion. 
Dilation increases pixel content at object boundaries in an image, whereas 
erosion decreases pixel content at object boundaries. The amount of pixels 
that are added to or removed from the size and shape of the structure’s 
components influences the size and shape of the image’s objects used to 
process the picture. To establish the position of any specific pixel in the 
ultimate picture, morphological erosion and dilation apply a framework for 
matching the pixel and the adjacent cells in the source image. The pixel 
processing guideline specifies the dilation or erosion process. This table 
lists the guidelines for both erosion and dilation. A collection of nonlinear 
techniques known as morphological image processing deals with the shape 
or morphology of visual elements. According to Wikipedia, morphological 
techniques are ideal for processing binary images since they only depend on 
the proportional location of pixel values rather than the associated numbers. 
To enhance light transfer, morphological adjustments can also be made to 
grayscale photos. The sum of the respective pixel values is either of little or 
no interest since the functions are unknown.

A computer technology known as object detection looks for instances of 
semantic entities belonging to a particular group (people, buildings, or cars) 
in computerized photographs and videos. It relates to machine perception and 
processing of pictures. Two comprehensive object identification fields are 
identification of faces and movement recognition. The recognition of objects 
is useful for many applications involving machine vision, such as picture 
retrieval and video surveillance. It helps in the detection and identification of 
faces. It can also be used to follow the movement of objects like a football 
during a game, a bat for cricket, or someone in a movie. Each group of 
objects has a set of distinctive properties. This helps to categorize the group 
because, for instance, all circles are round. In order to identify an object class, 
these attributes are used. For instance, while searching for circles, items at a 
particular range between the center are searched. Similarly, when looking for 
squares, one needs objects with equal side lengths and perpendicular corners. 
A similar method is used for face recognition, in which characteristics like 
skin tone and eye distance are identified in addition to the features of the 
eyes, nose, and mouth. The art of identifying objects from the real world, like 
faces, bicycles, and buildings, in still images or moving pictures is known 
as object detection. Object identification algorithms frequently make use of 
extracted features and learning strategies to discriminate between instances 
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of an item category. In addition to other applications, it is frequently used in 
advanced driver assistance systems (ADAS), security, and surveillance.

22.4 RESULTS AND DISCUSSION

Sample Input 1

FIGURE 22.4 Sample input 1.

Output 1

FIGURE 22.5 Sample output for input 1.
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Sample Input 2

FIGURE 22.6 Sample input 2.

Output 2

FIGURE 22.7 Sample output 2.

The procedure used for text-to-speech conversion is explained as follows.

OCR Pipeline Extraction

FIGURE 22.8 Processing of input file and output file.
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22.4.1 SETTING UP TEST PHOTO IMAGE STORAGE

The following are the most efficient methods for obtaining test images:

a. Find pictures online by searching for terms like “road sign,” “restau-
rant menus,” and so forth.

b. Utilizing a snipping tool, save photographs from online books, 
novels, and articles.

c. Take screenshots of captions or suggestions put on essential domestic 
items using your camera.

The following are the least efficient methods for obtaining test images:
a. Identify a book and then enter the initial couple of sentences into an 

electronic document. Next, print it on A4 paper, scan it as a PDF, or 
create another picture file from it.

b. Learn the principles of pixels so you can place letter blocks on a 128x128 
canvas. If you think it is excessive because the pixel-filling process 
takes a long time, think about enrolling in domains in programing and 
computations to create a few programs to automate the entire process.

The following photos were saved as test images:

 ¾ A highway sign.
 ¾ A scanned copy image of an abstract from a published paper.
 ¾ Images with numerical values.

Preprocessing a black-and-white photograph with dark writing on a white 
background:

 ¾ Remove the alpha channel (save the image as a jpeg/jpg rather than 
a png).

 ¾ PSM settings for fine-tuning (page segmentation mode).

API Calls and Usage

For a single image, use with-statement.

a. Page segmentation mode selection
b. Installing more languages

22.5 CONCLUSIONS

The effectiveness of the suggested method and other existing algorithms has 
been tested under our dataset. It is observed that the suggested strategy is 
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better compared to other existing approaches. The suggested model obtained 
an accuracy of 71.7% (shown in Figures 22.6–22.8). With the help of the 
proposed approach, people who are visually challenged can now listen to 
anything they want. Apart from that, they can translate the text into the 
target language with the aid of translation tools, for which they can then 
use Google Speech Recognition to convert to voice. As a result, they will 
be independent. Additionally, compared to other approaches, it is very less 
expensive.
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CHAPTER 23

ABSTRACT

Chatbots are used to reduce tedious human work and these bots provide quite 
accurate information than getting information from the physical information 
provider. However, the problem with the existing chatbots is not mutable and 
any updates cannot be done without editing the source code or by editing 
the knowledgebase. This bot purely uses a dynamic knowledge base. This 
Smartbot was made to rectify the problems faced by the regular bots. The 
Smartbot that we developed is made up of Python language and uses speech 
recognition for getting voice input from the user and giving the response to 
the user in the text format. This Smartbot scrapes the information from the 
given website and uses it as a knowledge base. Before using the knowledge 
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base this Smartbot preprocesses the scraped data. Hence this Smartbot uses 
Python tools for NLP and speech recognition. The user input is searched 
against the knowledge base for a similar word. It calculates the similarity 
using the cosine similarity function. Since this chatbot can learn from 
the website, it can be self-updated. Hence the uttermost advantage of this 
Smartbot is this bot can update itself when the website gets updated and the 
additional speech recognition feature provides easier user access.

23.1 INTRODUCTION

Artificial Intelligence (AI) is referred to as the simulation of human intelligence 
on a machine that is programed to think like humans. The term may exhibit 
to the machine with a human mind such as artificial thinking and problem-
solving the most important character of AI is its ability to choose the right 
thing and act which has the best outcome and high-yielding path to achieve 
a specific goal. AI continuously evolves in many industries. Mathematics is 
wired using an interdisciplinary approach based in mathematics, computer 
science, information technology, psychology, and even more. Application 
of AI is more, and it can be applied in many sectors. AI can be used in the 
healthcare industry for dosing drugs and different treatments in patients and 
for surgical procedure in the operation theatre. Some examples of AI are 
computers playing chess, self-driving vehicles, and chatbots.

AI can be categorized into strong AI and Weak AI. Strong AI is the one 
whose intelligence is equivalent to human intelligence. Weak AI is the one 
whose intelligence is limited to a particular domain. Knowledge engineering 
is the field of AI that deals with enabling a machine or a system to mimic 
the thought process of a human expert. AI is the logical investigation of AI 
calculations and factual models that a framework uses to play out a specific 
undertaking without utilizing manual directions. AI is utilized in a wide variety 
of calculations, such as email sifting and personal computer (PC) vision. AI 
is firmly connected with computational measurements which centers around 
making expectations utilizing PCs. Information mining is the field of study 
that manages investigating information through solo learning. ML is addition-
ally called as prescient examination. AI has a few learning techniques some 
of them are: Supervised machine learning, Unsupervised machine learning, 
semi-supervised machine learning, and reinforcement machine learning. 
Supervised machine learning works with experience and uses that knowledge 
to predict the future. Unsupervised machine learning predicts the future output 
by using training knowledge acquired in the training phase.
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Chatbot is an AI software in a device just like Siri, Alexa, or Google 
Assistant. These Chatbots assist the user in performing a particular task 
like providing information about a product, providing necessary informa-
tion about the college, commercial transactions, inquiries such as hotel 
booking, bill payment, form submission, etc. Today almost every company 
uses chatbots and integrates them into their official websites for answering 
the queries raised by the clients. Chatbot can be integrated with Natural 
language processing (NLP) and speech recognition for getting audio queries 
from the user. Chatbots can be created using programing languages such as 
Java, Python, C, C++, etc. and it can also be created by using AI scripting 
languages such as artificial intelligence markup language (AIML), etc.

Integration of chatbots with the AI algorithms results in high accuracy 
and it may provide the precise information that the user needs for the user. 
Some of the major uses of chatbots in industries are to deliver flight informa-
tion to connect with the user and the company and to support the user by 
satisfying their queries with appropriate responses. This project describes 
the implementation of a self-learning chatbots called Smartbot which uses 
user voice as the input and gives the corresponding answer as the output in 
the text format. This Smartbot’s knowledge base was created by providing a 
website uniform resource locator (URL). This bot will scrape the data from 
the URL and store it as a knowledge base.

23.2 LITERATURE SURVEY

Wang et al.1 Proposed to increase brain network-based engineering with 
information installing and information mindfulness on a Talkbot (mindful 
per user) to integrate outer literary information into dialog model work with 
the discourse and demonstrate the age through which they assessed that their 
bot could create more cognizant and data exchange.

Daniel et al.7 Proposed Xatkit—multifaceted low code visit bot 
improvement Edge work Xatkit handles the issues on the past structure 
by giving a bunch of areas explicit language to characterize chatbots in a 
stage’s freeway.

AL-Khalifa8 proposed a framework with a mix of a variety of coding 
strategies, literal interpretation, and text-to-discourse advancements which 
makes an instructive apparatus for learning the Arabic language this applica-
tion can likewise be broadened wide different dialects for better interpretation 
administration. This framework performs encoding and introducing variety 
change of each work and characters for interpretation. This framework can 
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have utilized for youthful Arabic students and different people groups who 
are attempting to realize this language.

Tapsai13 proposed another model for recovering regular language infor-
mation from CSV records. It cases normal language handling and procedures 
such as semantic examples, philosophy, and intuitive discussion framework, 
for Investigating the culmination and nuances of regular language. These 
frameworks permit the client to alter the flaws articulations (or) words in 
the record. The blunders caused in this framework come from those point 
sources, for example, changing the word significance, utilizing equivocal 
words, and wrong place of words in the normal language explanation.

chen et al.16 proposed an original normal organization language for 
discourse acknowledgment of the succeeding word RNNCM, Su-RNNLM 
to resolve the issues looked in the existing model as opposed to utilizing an 
intermittent unit to catch the total future word text, a feed-forward unit in 
used to display a proper limited number of succeeding words.

Lotifan and Busso19 proposed a brain network model from engineered 
discourse to differentiate close to home substance of a discourse signal. This 
framework needs an example of a reference sign to distinguish the objec-
tive sign. This task portrays building three reference sentences hoisting the 
development in discourse union and alongside it, this paper dissects whether 
the synthesized signal provides a valid template reference to explain natural 
speech using feature analyses and perceptual Analysis.

Various processes and strategies employed in a typical speech system are 
summarized in a novel scheme of total perspective on voice recognition.21 With 
the help of these techniques, some major difficulties can be lessened, including 
speaker and language unpredictability, ambient odors, and vocabulary size.

Li and Rafiei14 proposed an alternative method for handling the Natural 
language data due to its rapid growth in size. This proposal explores two 
relevant areas of overlap to the DB community (1) managing natural language 
text data in relational databases and (2) developing Natural language inter-
faces to databases.

Carlos de Olivera et al.11 proposed a Telegram bot that communicates 
wither the user efficiently through Telegram messenger. They integrated 
Telegram bots with the Arduino platform for developing the Internet of 
Things (IoT)-based chatbots. This bot allows different users to communicate 
with different hardware for different purposes.

Mathew et al.16 proposed a chatbot for Disease prediction and treat-
ment using machine learning. This bot predicts the disease which is given 
by the user and responds to the user with appropriate treatment recom-
mendations. This chatbot is built to reduce the work of doctors and to 
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reduce time costs. More intelligent speech processing-related works can 
be found in Refs. [17, 18].

Pawar and Mago9 proposed a system to resolve the conflicts in identifying 
semantic similarity between two words by incorporating corpora–based 
statistics into a standardized semantic similarity algorithm. It achieved word 
similarity in the rate of r = 0.8753 and sentence similarity of r = 0.8793, and 
it gives the similarity for the sentences involving compositional knowledge 
(SICK) dataset in the value of r = 0.8324 which specifies the efficacy of this 
algorithm.

Kades and Woods6 proposed a voice chatbot based on the study on natural 
language chatbots such as Siri, Google Assistant, Alexa. These chatbots were 
developed using AIML. This work discusses the similarities and difference 
in the previous techniques and examines in particular the Loebner Prize 
winning chatbots.

Thakur et al.4 proposed an AI chatbot using Android for answering 
queries based on college admission. This chatbot was integrated with specific 
colleges and answered students about the college-related queries.

Indumathi et al.2 proposed a healthcare care chatbot using AI that provides 
information about the diseases upon the given symptoms by the user. This 
chatbot was built using artificial XML (AIML). This proposal is like the idea 
implemented by Bani and Singh5 proposed a college inquiry chatbot based on 
the study of ALICE bot and developed a simple chatterbot for answering the 
students’ quires about their college. This chatterbox takes the user’s natural 
language as input and gives the information in text format. This research 
is also using the concept of neural network proposed by Wang and Yuho17 
proposed a brain network model for an information base [knowledge base 
(KB)]-based single connection question addressing (SR-QA). This model 
has two principal modules which are substance connecting and connec-
tion location. Their paper basically concentrated based question portrayal 
in SR-QA. In the connection location module, they need staggered target 
consideration (MLTA) to use the staggered portrayal of connection.

23.3 PROPOSED MODEL

This paper emphasizes voice queries given by users. As the proposed model 
uses both NLP and speech recognition techniques the model helps the user 
to process the query as per the requirement of user. The chatbot receives the 
voice query from the user and returns the result from the knowledge base 
according to the user query. All the existing approaches were domain specific. 
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The proposed chatbot model explains about enhancing the knowledge base 
of a Smartbot using Python and incorporating NLP and speech recognition 
also it overcomes the existing domain-specific problems. The proposed 
model uses the following processes:

23.3.1 NLP AND SPEECH RECOGNITION

NLP is the branch field of phonetic software engineering, data designing, 
and man-made brainpower principally centers around the association 
between two PCs or the PC and human communication. Generally, How the 
figure is handling and examining the enormous measure of regular language 
information. Challenges in NLP include discourse acknowledgment, normal 
language understanding, and regular language age. Discourse acknowledg-
ment is the capacity or the ability of a machine or a program to distinguish 
the words expressions and sentences communicated in language and convert 
them into a machine coherent configuration. Discourse acknowledgment 
works with the assistance of calculations through acoustic displaying and 
language demonstrating.

23.3.2 TOKENIZATION

Tokenization is the process of replacing sensitive or text data with appro-
priate unique symbols. The symbols may be numbers or codes etc. This 
tokenization concept comes under NLP. Here the Natural language is given 
as training data. The bot trains itself with the training data. In this paper, we 
use training data as text. The bot split that text into sentences and then into 
words. Then the bot assigns each word a peculiar number. These words are 
called tokens. The process of generating tokens is called tokenization. The 
numbers assigned to tokens are not continuous and they are randomized. By 
which if a word occurs recurrently, it has the number which was assigned to 
it during its first occurrence.

23.3.3 LEMMATIZATION

Lemmatization is the process of gathering the inflected forms of a word into a 
single sentence so that they can be searched as a single item. Lemmatization is 
just like the lexical analysis. However, here the word is analyzed with respect 
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to their tenses. Lemmatization slightly varies from the stemming process. 
The major difference between lemmatization and stemming is, stemming 
creates nonexistent words. Stemming takes the stem part of the word into 
consideration. However, the lemmatization creates actual words that are in 
use. For example, consider the words “better” and “good” are in the same 
lemma so they are the same. However, in stemming those words are different.

23.3.4 SIMILARITY ANALYSIS

Similarity analysis refers to analyzing the similarity between two terms. The 
terms may be two sentences or two words. So, one of the best ways to deal 
with finding likeness is the cosine comparability strategy. This technique is 
more proficient than Euclidean distance. Cosine closeness is a methodology 
used to track down the likeness of reports. Cosine closeness estimates the 
cosine point between two vectors projected in a complex space. Assuming 
two reports are isolated and far separated by the Euclidean distance consid-
ering the size, they might in any case have a more modest cosine point 
between them. So, the more modest the cosine point, the higher the likeness.

23.4 SYSTEM ARCHITECTURE

The user will start the process by giving the URL to the bot. The bot will 
scrape the data from the website for scraping it using a Python library called 
Newspaper3k. The Python newspaper has a package called article. This article 
package needs the URL of the webpage to be scrapped. After scraping, the bot 
will tokenize the words on the webpage. Then lemmatize the words to find 
the correct match. Next, it asks the user to provide the input. The bot will get 
voice input from the user. Bot searches for appropriate similarity against the 
knowledge base. After processing bot gives the corresponding output. If the 
user gives “Bye” or “Thanks” as input the bot will terminate the process. The 
overall working of the proposed system is shown in Figure 23.1.

The system architecture is given as follows:

23.5 RESULTS AND DISCUSSION

An automated approach called web scraping is used to retrieve large 
amounts of data from websites. Usually, the data found on the website are 
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in unstructured form. Web scraping helps in gathering unstructured data and 
storing them in structured form as shown in Figure 23.2.

FIGURE 23.1 Architecture of the proposed system.

The stored structured data are being split into words using Python 
programing. The split(param) technique is used to separate a string into 
smaller substrings. A string object is part of this method. The parameter is 
optional and can be divided on a certain string or character. The string can 
be broken up into words from a given sentence. Like this, a paragraph is also 
possible to divide into individual characters as in Figure 23.3.

Figure 23.4 shows the result of the proposed bot model based on the 
voice input given by the user. The bot retrieves the correct match from the 
knowledge base.

When the user input does not have the correct match in the knowledge 
base, the bot returns an “apology” message as “I do not understand,” other-
wise the proposed Smartbot will return all the relevant information as per the 
user query as shown in Figure 23.5.
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FIGURE 23.2 Scraping the website data.

FIGURE 23.3 Splitting sentences into words.

23.6 CONCLUSION

This research work of improving the chatbot learning ability (or) capacity 
of that bot’s Knowledge was enabled by using Python and AI. It is well 
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clear that this Smartbot is domain independent and answers the user’s query 
almost precisely and efficiently. Thus, an efficient self-learning domain 
independent Smartbot was developed using NLP and speech recognition and 
it was integrated with a website that provides information for experimental 
purposes. And it shows, the response is almost precise and on point.

FIGURE 23.4 Greeting the bot and asking query 1.

FIGURE 23.5 Query results from the bot.
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23.7 FUTURE ENHANCEMENT

Since this bot provides an appropriate response for the user who raises different 
queries against it. The data scraped from the website can only be possible If 
the web page is in the right text format. Hence, it is quite difficult to get data 
from the website which incorporates various levels of data abstractions.
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CHAPTER 24

ABSTRACT

Emotion is the state of mind based on which we express ourselves. 
Emotion recognition is a branch of the speech recognition domain which 
is witnessing a great leap in artificial intelligence (AI). It can be used in 
various technologies such as voice assistant (Google Assistant, Alexa, Siri, 
and Cortana), monitoring suspicious behavior and fraud detection. While 
there are numerous models to recognize emotions implementing machine 
learning and deep learning, this project aims to use the multilayer perceptron 
model to identify the speaker’s emotions using audio files as input and 
discover the multilevel representation of the signal. Multiple datasets 
were explored as potential input sets and a dataset with 7356 files by 24 
actors was selected. A sample of 1440 files was taken as input and the final 
accuracy of the model using the multilayer perceptron model taking 75% 
training data and 25% test data came out to be ~73%. This study would help 
us to build a model which would help in better distinguishing the human 
emotions in future.
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24.1 INTRODUCTION

Artificial intelligence (AI)1 has reached to a phenomenon level in today’s 
world, where it covers almost every aspect of life. This evolution of AI and 
Machine Learning2 has led us to a technology that is one of the most called-
for systems at the current time, the speech emotion recognition model.3 The 
very basic idea of this model is that it reads audio files as input signals and 
predicts the human emotions expressed in them.

Out of all the methods by which we communicate, speaking is the fastest 
and most natural method of communication among human beings. Hence, 
speech recognition4 could be a fast and efficient way of interacting with 
machines as well. The significance of emotion recognition through human 
speech has inclined recently to maintain the efficiency and convenience of 
the human–machine interaction.5 Researchers are continuously working on 
the detection of emotions from speech signals.6,7.

The workflow of our model begins with the system reading the input of 
various audio files using different libraries—soundfile and librosa. Then 
Mel Frequency Cepstral Coefficient (MFCC), Chroma, and Mel features8 
are extracted from the input sound signal. The modules will be trained, and 
the trained model will be loaded followed by the process of audio recogni-
tion where every audio file will be processed. After saving these files the 
major process of feature extraction will take place and on its successful 
completion the emotions will be predicted along with the accuracy and 
classified report.

24.2 BACKGROUND INFORMATION

24.2.1 SPEECH RECOGNITION

Speech recognition or speech-to-text is the technology which recognizes 
human speech and converts them into readable text. Through major develop-
ments in the sphere of AI and Machine Learning, ‘Automatic Speech Recog-
nition’10 has been getting better and more accurate. This has created a new 
industry in the form of personal assistant through voice input such as Google 
Home, Amazon’s Alexa, Apple’s Siri, and Windows Cortana. Communi-
cating with machines hands-free through voice11 is more convenient and has 
a great scope for the future.
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24.2.2 EMOTION RECOGNITION

Emotion recognition delves into methodologies of recognizing human 
emotions. With an emotion recognition system, we can detect the emotions 
based on either facial expressions or through voice inputs. There are various 
techniques to capture and process emotions such as machine learning, signal 
processing, and artificial neural networks13. Facial emotion recognition has 
various applications in domains such as psychology, fraud or lie detection, 
feedback systems, and monitoring suspicious behavior. Multilayer percep-
tron (MLP) is a type of artificial neural network (ANN) that falls under the 
umbrella of soft computing. MLPs are a popular class of feedforward neural 
networks that consist of multiple layers of interconnected neurons. They are 
capable of learning complex patterns and making nonlinear decisions.

24.2.3 SPEECH EMOTION RECOGNITION

Speech emotion recognition (SER)13 is the segment of machine learning which 
deals in recognizing and inferring human emotions based on audio input 
signals. Advancements in emotion detection will improve many preexisting 
systems and provide more accurate results. Determining the emotions on audio 
signals is a challenging task as different people show emotions differently, 
also lack of data in various languages makes major obstacles in building a 
trustworthy system.

24.2.4 APPLICATIONS OF EMOTION RECOGNITION

Emotion recognition can be applied for better analyzing and treating patients 
with mental illnesses.14 SER can be applied to improve the functionalities of 
voice assistants and speech-to-text translation. It can be used for detecting 
suspicious behavior in crowded or ceremonial places to prevent public 
unrest. Lie detectors can be equipped with emotion recognition technology 
to further amplify the system effectiveness.

24.3 LITERATURE REVIEW

McCarthy et al. in the Dartmouth College summer research paper gave 
proposals for research papers on various applications of AI. Claude E. 
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Shannon proposed to work on applying the concepts of information theory 
to brain models and computers by classification of environmental models 
and using a mathematical model to express it. Marvin L. Minsky came up 
with the idea of developing a machine that helps in pairing sensory and 
motor abstractions together to create sensory scenarios that depict the altera-
tions in the environment that may be anticipated if the associated motor 
act occurred. Nathaniel Rochester gave a proposal to create an artificial 
language to program a computer to solve problems such as conjecture and 
self-reference.

Raghu Vamsi et al. proposed an emotion recognition system using deep 
learning and MLP. They worked on three different datasets with a total 
of 5732 unique audio files with features such as pitch, rhythm, energy, 
loudness, etc. After extracting the features, they applied algorithms and 
techniques such as the MLP classifier and convolutional neural network 
(CNN) classification. The flask framework was used to deploy accurate 
techniques of classification into the web app. About 75% of their dataset 
was assigned as the training data and 25% was the testing data. The MLP 
classifier gave an overall accuracy of 69.49% with an accuracy of 84.09 in 
calm emotion. CNN also performed best on emotional calm with an overall 
accuracy of 72.59%.

Graves et al.4 worked on creating a speech recognition model using deep 
recurrent neural networks (RNNs). They focused on end-to-end training 
where the RNN is trained to directly map an auditory sequence to a phonetic 
sequence. They parameterized a differentiable distribution over all feasible 
phonetic output sequences given an audio input sequence using the network 
outputs. They described two methods for defining output distribution, which 
will help them to train their neural network. The two methods they described 
were connectionist temporal classification and RNN transducer. After which 
they used beam search to decode RNN transducers and produce an n-best 
list of potential transcriptions and then they regularized the RNN for good 
performance. They used two regularizes, weight noise, and early stopping. 
The test set error for RNNs on the TIMIT phoneme recognition benchmark 
was 17.7%.

Cowie et al.5 worked on explaining the applicability of emotion detec-
tion in computer-human interactions. They proposed two channels one to 
transmit implicit messages and the other one to transmit explicit message. 
To understand the other person emotions, they used techniques that involved 
analysis and single processing. The implicit channel explains to people 
“how to take” what is communicated through the explicit channel. When a 
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conversation is in full swing as opposed to brief, stereotypical exchanges, 
this becomes especially important.

Garg et al.8 worked on MFCC, Mel, and Chroma-based prediction 
of emotions from audio speech signals. They developed a SER system 
for tracking the emotions from the audio speech signals. To develop the 
emotion recognition system, they extracted a lot of audio features and 
combined them to develop feature vectors. The efficiency of this system is 
based on the types of classifiers used to detect emotions and what kind of 
features are extracted. They created vectors using different combinations 
of features. They also compared the performances using confusion metrics. 
Their approach seeks for the optimum classification technique and signifi-
cantly enhances emotion prediction. The Multilayer Layer Perceptron 
model gave them an accuracy of 47.18%. CNN model gave an accuracy of 
60.6%. The long short-term memory network model gave an accuracy of 
51.29%.

Tang et al.9 came up with the idea of an extreme learning machine 
(ELM) for MLP. Self-taught extraction of features and supervised feature 
classification are the two primary parts of their architecture, and hidden 
weights with random initialization are used to connect them. For feature 
extraction, they used unsupervised multilayer coding along with ELM 
sparse autoencoder as it achieves more condensed and insightful feature 
visualization. Before decision-making, they randomly projected the order-
wise encoded code to achieve better and faster learning. The hidden layers 
of their architecture are taught in forward way as compared to that of deep 
learning (Greedy Layer-wise). The weight of the present layer is fixed 
after establishing the previous layers, this is done to get better learning 
efficiency.

Park et al.10 came up with SpecAugment which is a data augmentation 
technique for automated speech recognition. A neural network’s feature 
inputs, filter bank coefficients, are directly subjected to SpecAugment. 
The features are warped, frequency channel blocks are hidden, and time 
step blocks are hidden as part of the augmentation policy. For peer-to-peer 
speech recognition tasks, they used SpecAugment on the attend, listen and 
spell networks. Without using any language model, they got 6.8% WER on 
LibriSpeech, while along with shallow fusion they achieved 5.8% WER. 
In contrast, the prior cutting-edge hybrid system had a WER of 7.5%. they 
got 7.2%/14.6% on the Switchboard component of the Hub5’00 test set for 
switchboard without using any language model and 6.8%/14.1% along with 
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shallow fusion, compared to 8.3%/17.3% WER for the prior state-of-the-art 
hybrid system.

Schofar11 researched the scientific foundations of voice communica-
tion between Humans and Machines. To identify areas for potential future 
research, this paper emphasized on the fundamental scientific and techno-
logical problems in voice-based human–machine communication. The major 
topics covered by him are the implementation of the system’s hardware and 
software, speech understanding and recognition for voice input, voice output 
using speech synthesis, and usability elements pertaining to how people 
interact with machines.

Li et al.14 came up with an emotion recognition system with the use of 
ANN and voice processing technology to incorporate existing instruments 
to recognize patients’ and medical professionals’ emotions in clinics. They 
created a database of emotional speech in Taiwanese, and each doctor’s 
voice sample was also incorporated with their patient’s voice sample, this 
sample database was used to build the training model. They categorized the 
610 voice samples into four emotions neutral, happy, sad, and angry. They 
preemphasized the voice samples to highlight the parts with high frequency 
using a high pass filter after which they applied MFCC as eigenvalues for 
the extraction of speech input signals features. They imported around 40 
filters from a Mel-scale triangular bandpass filter bank to ensure a smooth 
frequency spectrum and reduce the harmonic effect, bringing attention to the 
fundamental components of the original audio sample. The ANN MATLAB 
neural pattern recognition classifier was used in this study to classify the 
vectors. They assigned 70, 15, and 15% of the data to the training, testing, 
and validation sets, respectively. The accuracy of their emotion recognition 
model on the testing data was 91.3%.

Hossain and Muhammad15 proposed an emotion recognition system using 
deep learning model with audio–visual emotional big data, which presents 
in what way emotions can be perceived and inferred taking audio and video 
input signals. They used two different datasets for this, first being a big data 
dataset consisting of both audio and video signals, and the second being 
eNTERFACE database. For the audio, they extracted the speech input signals 
features for obtaining the Mel spectrogram, that is fed to a two-dimensional 
(2D) CNN and ELM for fusing the scores. Some representational parts from 
the video input are obtained and served to the 3D CNN and ELMs for the 
fusion of scores. Both outputs are then passed through a Support Vector 
Machine Algorithm to obtain the concluding output for classifying emotions 
based on speech and video input signals.
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Using neural networks, Pawan Kumar Mishra and Arti Rawat16 put 
forward a SER model which give a description of how to recognize emotions 
through audio input signals. In their study, they have proposed to filter the 
sound based on a High Pass Filter which would remove any unwanted noise 
from the input signal. They used MFCC for extracting the features from the 
input sound, and then passed it through Neural network for classifying the 
final emotions as the output.

Xu et al.17 implemented an Anatomically Constrained Neural Network 
model using the head fusion method for creating an attribute known as 
Xfusion, taking the MFCC as input features for recognizing emotion through 
speech input signals and validating the results studying four emotions—
neutral, sad, angry and excited.

Mekruksavanich et al.18 projected a system for determining negative 
or positive emotions in Siamese or the Thai language. They used the deep 
learning approach using two 1D CNN and trained their models on multiple 
datasets–Toronto Emotional Speech Set (TESS), Ryerson Audio-Visual 
Database of Emotional Speech (RAVDESS), Crema-d, and Surrey Audio-
Visual Expressed Emotion (SAVEE) separately for classifying the input into 
positive or negative emotion. After successful completion, they tested their 
model on Thai input datasets.

Xu et al.19 put forward a SER model using multiscale area attention as well 
as data augmentation, in which they used the multiscale area attention to the 
model for designing an attention-based CNN. In this system, they first used 
the librosa library to draw out the Mel-based frequency and features. They 
are then sent to multiple hidden layers whose output is fed to four convolu-
tion layers which generates an 80-channel representation, which are further 
forwarded to the attention layer before finally classifying them into emotions.

24.4 PROPOSED METHODOLOGY

MLP is a type of ANN that falls under the umbrella of soft computing. MLPs 
are a popular class of feedforward neural networks that consist of multiple 
layers of interconnected neurons. They are capable of learning complex 
patterns and making nonlinear decisions. The proposed methodology is 
using MLP in SER and can be discussed as follows:

Data Preprocessing:
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• Collect a dataset of speech recordings labeled with the corresponding 
emotion categories.

• Preprocess the audio data by converting the raw audio signals into a 
suitable format for analysis, such as MFCC or spectrograms.

• Split the dataset into training, validation, and testing sets.

Feature Extraction:

• Extract relevant features from the preprocessed audio data. Common 
features used in SER include MFCCs, spectral contrast, chroma 
features, and pitch.

• Optionally, you can apply dimensionality reduction techniques such 
as principal component analysis (PCA) or linear discriminant analysis 
(LDA) to reduce the feature space.

Data Representation:

• Convert the extracted features into a suitable format for feeding into the 
MLP. This usually involves vectorizing the features and normalizing 
the data to a common scale (e.g., between 0 and 1).

Model Training:

• Initialize the MLP model with the chosen architecture.
• Train the model using the training set. This involves feeding the input 

data forward through the network and calculating the loss using a 
suitable loss function.

• Monitor the model’s performance on the validation set and adjust 
hyperparameters (e.g., learning rate, batch size, number of hidden 
layers) as necessary to improve performance.

• Repeat the training process until the model converges or reaches a 
satisfactory level of performance.

Model Evaluation:

• Evaluate the trained MLP model on the testing set to assess its perfor-
mance and generalization ability.

• Calculate metrics such as accuracy, precision, recall, and F1 score 
to measure the model’s performance across different emotion 
categories.
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24.4.1 WORKFLOW DIAGRAM

FIGURE 24.1 Proposed methodology.

FIGURE 24.2 Workflow diagram.
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24.4.2 FEATURE EXTRACTION

As a machine cannot understand voice input, it must be first converted 
into digital data. In feature extraction, the voice input signals are first 
transformed into digital data using the librosa package which has many 
libraries for extracting and processing audio data. The most important 
feature is the MFCC,20 which analyses the data based on the short-term 
spectrum of sound. It breaks down the input into frames and identifies 
which frequencies are present in each frame, which are then passed for 
the mapping on the Mel scale. This helps in understanding and processing 
the audio signal better and increases the robustness in determining the 
emotions. The second feature is the Mel scale, which provides information 
about the frequency of the input signal on the Mel scale. The next feature 
is Chroma which identifies the properties of sound based on the pitch of 
the provided input file. Tonnetz is used to render Chroma on a 6D basis 
which represents the perfect fifth, minor third, and major third each as 2D 
coordinates. The fifth feature is contrast which depicts the highs and lows 
in the pitch of the sound file.

24.4.3 FEATURE SELECTION

Feature selection21 is the method by which we reduce the number of input 
values while developing a predictive model. It is important as it not only 
reduces the complexity of the system, but also reduces the time and cost in 
implementation and execution of the model. For our model, we would take 
only the most required features of the MFCC (~40), 12 features of Chroma, 
and all 128 features of Mel. A total of about 180 features from each audio 
input file would be given to the model for training and testing the data.

24.4.4 MULTILAYER PERCEPTRON

MLP22–24 an architecture of ANN based on supervised learning. In the percep-
tron learning rule, an additional input signal known as bias is provided which 
helps to strengthen the signal. It contains three major layers–The input layer 
for providing the input signals, Hidden layer for applying weights and bias to 
the input signal and sending them to the activation function, and output layer 
which gives the output. MLP model is also known as the backpropagation 
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algorithm. In this, if the goal state is not reached, then the weights are recal-
culated based on the current output and then it is applied for the next iteration.

FIGURE 24.3 Perceptron model.

FIGURE 24.4 Backpropagation algorithm.



410 Applied Soft Computing Techniques

24.5 RESULTS AND ANALYSIS

The model was applied to the dataset using cross-validation. The dataset 
was into training data and testing data in the range of 60–85% and 15–40%, 
respectively. The highest accuracy was reached while keeping the training 
and testing data at 75 and 25% respectively, which came out to be around 
73%. Taking training data more than this would result in overfitting issues 
and the output would not be reliable.

The following tables show the outputs obtained at different amounts of 
training data and testing data:

TABLE 24.1 Result at Training Data= 60% and Testing Data = 40%.

Precision Recall f1‑score Support

Angry 0.75 0.72 0.74 72

Happy 0.62 0.67 0.64 83

Neutral 0.5 0.5 0.53 41

Sad 0.65 0.56 0.6 73

Accuracy 0.64 269

Macro average 0.63 0.63 0.63 269

Weighted average 0.64 0.64 0.64 269

TABLE 24.2 Result at Training Data = 65% and Testing Data = 35%.

Precision Recall f1‑score Support

Angry 0.81 0.7 0.75 63

Happy 0.64 0.74 0.69 73

Neutral 0.52 0.43 0.47 37

Sad 0.58 0.62 0.6 63

Accuracy 0.65 236

Macro average 0.64 0.62 0.63 236

Weighted average 0.65 0.65 0.65 236

The following table shows the accuracy of execution for different sets of 
training and testing datasets.

On changing the considered emotions from angry, happy, neutral, and 
sad to angry, calm, fearful, and sad, the following results were obtained with 
75% training data and 25% testing data:
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TABLE 24.3 Result at Training Data = 70% and Testing Data = 30%.

Precision Recall f1‑score Support

Angry 0.74 0.74 0.74 53

Happy 0.69 0.62 0.62 66

Neutral 0.41 0.37 0.37 30

Sad 0.52 0.62 0.57 53

Accuracy   0.61 202

Macro average 0.59 0.59 0.59 202

Weighted average 0.62 0.61 0.61 202

TABLE 24.4 Result at Training Data = 75% and Testing Data = 25%.

Precision Recall f1‑score Support

Angry 0.83 0.62 0.71 32

Happy 0.49 0.63 0.55 27

Neutral 0.3 0.21 0.25 14

Sad 0.56 0.64 0.6 28

Accuracy   0.57 101

Macro average 0.55 0.53 0.53 101

Weighted average 0.59 0.57 0.57 101

TABLE 24.5 Accuracy at Different Proportions of Dataset.

Sr. no Training data (%) Testing data (%) Accuracy (%)

1 60 40 63.94

2 65 35 64.83

3 70 30 61.39

4 75 25 73.81

TABLE 24.6 Result on Changing the Emotions; Overall Accuracy = 80.21%.

Precision Recall f1‑score Support

Angry 0.75 0.78 0.75 40

Calm 0.89 0.96 0.93 52

Fearful 0.79 0.73 0.76 45

Sad 0.78 0.73 0.75 55

Accuracy 0.8 192

Macro average 0.8 0.8 0.8 192

Weighted average 0.8 0.8 0.8 192
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On changing the considered emotions and making some tweaks to the 
model, the accuracy was changed a lot. It can be noted that the model finds 
it difficult to identify neutral emotions correctly. On changing the considered 
emotions, accuracy of other emotions was also affected, meaning that the 
model is dependent on all parameters and the result changes accordingly.

24.6 CONCLUSION

In this paper, we used MLP model on audio input signals using the MFCC 
approach to recognize human emotions. It is shown that the model’s 
performance changes with respect to changes in the emotions being detected. In 
future works, more emotions can be added to the model along with increase in 
the input dataset. By using the basic principles of machine learning, it is still not 
possible to detect emotions in uncontrolled environment with high accuracy. In 
reality, emotions are very subjective and differ from person to person. It is highly 
difficult for a machine to analyze and infer what someone’s mood or state of 
mind is based on audio input alone. In the upcoming years, it will be necessary 
to have a system that can classify emotions via speech accurately and reliably. 
However, with the current advancements in the subject of machine learning and 
AI, it would not be much longer before a system would be developed that could 
accurately identify emotions just through speech inputs.
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CHAPTER 25

ABSTRACT

Expectation–maximization (EM) is a critical and very accurate machine 
translation method used in the Bangla–Odia system. Here, the entire 
mathematical equation is computed and displayed using a corpus of Bangla–
Odia words. To determine the probability value with the highest degree of 
likelihood, the “argmax” function, which examines the one-to-one, one-to-
many, and many-to-many mappings between two or more words in source 
and target language phrases, is used in conjunction with this EM technique. 
A mathematical formula can be used to determine the lexical connections 
between the terms of the parallel sentences to show which word in the target 
language is congruent with which word in the source language. Because the 
EM technique loops, it is simple to compute specific probability values in terms 
of maximum likelihood estimation (MLE) and then iteratively determine the 
word associations between the source and destination languages. Because 
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machine translation is currently one of the main focuses of natural language 
processing (NLP) research work with some practical obstacles, determining 
the MLE or maximal a posterior (MAP) of the parameters in the probability 
model is a very challenging task. The purpose of this study is to describe 
the different lexical issues that can arise when reading bilingual materials 
that were translated from Bangla into Odia. The way the EM algorithm and 
MLE method handle the “word divergence” or “lexical divergence” problem 
is one of the fundamental aspects of the MT system. The MLE technique 
is employed in part to enhance the probability values and provide more 
precision, even if the EM algorithm is used to solve it. Bilingual dictionaries 
or lexical databases are employed in this situation because they are typically 
used at the phrase level to address word divergence or lexical divergence 
difficulties. The biggest challenge is in identifying single-word units from 
the source text that are transformed into multiword units in the target text. 
The findings of the trials leverage the bilingual Bangla–Odia corpus, which 
was produced using the EM algorithm, to pinpoint a productive combination 
for accurately resolving the lexical divergence problem.

25.1 INTRODUCTION

A method for finding the precise and comparable term between two parallel 
corpora is word alignment. This exemplifies one of the interactions between 
parallel phrases that include word translation. Word divergence is the process 
through which a term is occasionally translated by one or more words. The 
main goal of word alignment, assuming parallel sentences are provided, is to 
determine the correspondence between words in source and target sentences 
that may be one-to-one, one-to-many, or many-to-many. Aligning similar 
phrases in the source and destination languages is the answer to phrase-
based translation. Words from the source phrase that cannot be adequately 
translated into the target language are simply given the value “null.” Another 
component of word alignment is moving the translated words from the source 
sentence to the proper place in the target phrase. The use of multilingual 
machine translation may need word reordering. Word alignment facilitates 
this. The biggest challenge is in identifying single-word units from the source 
text that are transformed into multiword units in the target text. The findings 
of the trials leverage the bilingual Bangla–Odia corpus, which was produced 
using the EM algorithm, to pinpoint a productive combination for accurately 
resolving the lexical divergence problem.
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25.2 RELATED WORK

In Ref. [1], the specifics of word alignment, many strategies are used, 
including a hybrid strategy that groups words locally in Hindi phrases while 
also including additional techniques such as dictionary searches, comparing 
transliterations, predicting English terms, and finding the closest aligned 
neighbors. The probabilities between pairs of sentences that are tiny and large 
are thoroughly examined. Here, a very basic description of the many topics, 
issues, problems, and challenges is given. In-depth descriptions of several 
approaches are also provided. The expectation–maximization (EM) algorithm 
is used to carefully confront and solve the majority of problems, and statis-
tical techniques are used to accurately and vividly represent the entire notion. 
Here, most of the challenges and problems are resolved.4 In this study, the 
Bangla–Odia lexical divergence problem is resolved using multiple mapping 
strategies, including one-to-one and many-to-one.5 Word dictionaries are used 
to map the sentences’ parallel English and Hindi words.6 Various techniques, 
including the boundary detection approach, the minimum distance function, 
and dictionary searches, have been used to perform automatic word align-
ment. The most crucial aspect of machine translation, which divides a word’s 
entirety into its various meanings, is compound word spitting. The difficulties 
encountered when translating from one language to another are examined, 
along with several methodologies and their benefits and drawbacks.8 In this 
study, a new probabilistic model for word alignment is presented, where 
word alignments are connected to alignment categories that are motivated 
by linguistics. For this goal, a unique semi-supervised learning method is 
being suggested and implemented for the joint prediction of word alignment 
and alignment types.9 A collection of pairs of sentences that are translations 
of one another are demonstrated, and the idea of word-by-word alignment 
between such pairs of sentences is defined. A series of five statistical models 
of the translation process is detailed, along with algorithms for estimating 
their parameters.10 The most well-known methods used in statistical machine 
translation are introduced in detail and with clarity in this book. Many online 
MT programs, such as Babelfish, Google Translator, Bing Translator, Yahoo, 
and AltaVista, are available to translate text straight from one language to 
another.11 In this study (Moore, 2004), the alignment error rate was reduced 
by about 30%. Additionally, the probability of alignment to the null word was 
given extra weight, the probability values for rare words were smoothed, and 
a straightforward heuristic estimation method was used to initialize, or take 
the place of, EM training of the model parameters. In addition to the usual 
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lexical and syntactic properties,12 the semantic relation can be used to enhance 
the accuracy of the word alignment. Here, a neural network-based algorithm 
is employed to extract the word similarity from the monolingual data.13 Jorg 
T. (2000) created the most significant and practical word aligner, known as 
UWA, which is used to parallel text PLUG. Both multiword units and single-
word units are included in this model, which only refers to link units.14 This 
study introduces the “Clue alignment” approach. The word alignment clue 
links words and phrases together and depends on elements such as frequency, 
phrase type, part-of-speech (POS) tagging, and actual wordform strings.15 
Word alignment is the relationship between individual words and groups of 
words in a parallel corpus. The best word alignment can be found using a 
variety of methods, and all algorithms are evaluated using a word alignment 
method based on association cues.

25.3 EXPECTATION–MAXIMIZATION (EM) ALGORITHM

When a statistical model depends on unobserved latent variables, an EM 
method is an iterative procedure or approach to determine the maximum 
likelihood estimation (MLE) or maximum a posteriori estimation (MAP) 
of the model’s parameters. In the EM iteration, two steps alternately take 
place: the expectation (E) step, which provides a function for the expected 
log-likelihood assessed using the most recent estimate for the parameters, 
and the maximization (M), which computes the parameters that maximize 
the anticipated log-likelihood determined on the E step. The selection of the 
best result or value is the main objective of this method.

25.4 PROBLEMS FACED

Different types of problems are faced during word alignments such as, 
one-to-many, many-to-one, many-to-many, named entity problems, and one 
having multiple alignments. However, to solve these problems using EM and 
various mathematical algorithms.

25.5 WORD ALIGNMENT WITH METHODOLOGY

The Bangla–Odia conditional probability model, abbreviated P(B|O), is 
discussed in this essay. The refers to model parameters for a dataset pair D 
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of n phrases that are translated from one another and are known as parallel 
text.; D = (B

1
,O

1
), (B

2
,O

2
), (B

3
,O

3
), ..., (B

n
,O

n
). In the parallel corpus, every 

pair is unique from the others. The hidden word pair between the translation 
pairs for Bangla and Odia is guaranteed to be always detected by the model. 
The corpus data thoroughly trains the model to anticipate the reality of the 
misaligned word alignment. There are various methods for defining P(B|O). 
Let us say that an array of words with index J, (O

1
, O

2
, O

3
, ..., O

J
) represents 

an Odia phrase, while an array of words with index I, (B
1
, B

2
, ..., B

I
) repre-

sents a Bangla sentence. Currently, it is thought that every word in Bangla 
has at least one connection to Odia. Array “a” of length I denoted as [a

1
, a

2
, 

a
3
, ..., a

i
], where a

1
, a

2
, a

3
, ..., a

i
 are one–one alignment variables, is used to 

express this. ai is an alignment variable that ranges from 0 to J. If a
i
 = 0, 

this indicates that there is a null alignment between the words in Bangla and 
Odia. Take the sentences Bangla–Odia as an example.

25.5.1 BANGLA SENTENCE

25.5.2 TRANSLITERATION

“Nijeder dAbi niye nirmAn kAryya bandha karAr janna krishakder sanga-
Thener madhye aloRon srisTi hayechhe”.

25.5.3 ODIA SENTENCE

25.5.4 TRANSLITERATION

“Nijara adhikaraku nei nirmana karjya bandakaribaku krushaka sangathana-
gudikare hatachamata shrusti haijaichhi”.

The Bangla sentence is 14 words long, while the Odia sentence is 11 
words long. Here is a list of the words in both sentences B

1
, B

2
, B

3
, B

I
, and O

1
, 

O
2
, O

3
, and O

J
, respectively. The alignment array value ‘a’ will be {1, 2, 3, 4, 

5, 6, 7, 7, 8, 9, 9, 10, 11}. It is expected that the statistical model uses a typical 
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procedure to translate the Bangla text into Odia. The probability distribution 
should be used. After finding the value of I, which denotes the length of a 
Bangla phrase, we obtain P(I|J), in this case P(14|11). Each Odia word posi-
tion is then aligned to a Bangla word (or null) in accordance with the valid 
sentence alignment of the standard corpus (ILCI-Indian Language Corpora 
Initiative, Government of India) P(a

i
 = j|J). The probability distribution 

function of the aligned Odia word is then used to translate each Bangla word 
B

i
. As a result, this alignment raises P(Nijara|Nijeder), P(adhikaraku|dabi), 

i(nei|nie), and so forth.

 ( ) ( ) ( ) ( )
1

P , | P I|J P |J . P |  
i

I

i i a

i

B a O a B O
=

= ∏  (25.1)

The aforementioned equation represents the joint likelihood of the Bangla 
text and its alignment requirement. This is a simple product of all probability 
values. This equation has three parts: P(I|J), which denotes the length of 
the Bangla sentence I, the Odia sentence J, and P(B|O), which denotes all 
word pairings that appear in both Bangla and Odia simultaneously. The 
range of allowable fractional numbers for word alignment is reflected in the 
probability values in tabular form.

 ( ) [ ], | 0,1  O B P B O∀ ∈  (25.2)

 ( ) | 1O

B

P B O∀ =∑  (25.3)

25.6 MAXIMUM LIKELIHOOD ESTIMATION

Only focus on P(B|O) and MLE to estimate the approximate value to see the 
alignment. Before beginning to align the words between Bangla and Odia, 
the sentence alignment has first been thoroughly discussed. However, unlike 
what the English-to-French19 translation indicates, such a circumstance 
does not occur in Bangla–Odia. For instance, the majority of French words 
frequently coincide with English words, whereas Bangla–Odia never uses 
this. To evaluate the plausibility of the input parameters from the perspective 
of comprehension, an MLE function is described here.

 ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )
( )

( )

1 1 1

, | ( | ) ( | · ( | )

n

i

N N I
n n n n n n n n n

i i a

n n i

P B a O P I J P a J P B Oθ
= = =

=∏ ∏ ∏  (25.4)

N stands for the number of sentences. “n” is the index number of each 
and every sentence, “a” is the alignment, “I” is the length of each and every 
Bangla sentence, and “J” is the length of each and every Odia phrase. Now 
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that data has been collected and parameters have been calculated, the highest 
value should now be determined using a probability function since our data 
(value) closely resembles this model.

 ( ) ( ) ( )
1

ˆ ( , | )
n n nN

i

argmax
P B a Oθθ

θ =
= ∏  (25.5)

In eq 25.5, where θ̂ For each word in a sentence, it uses the argmax func-
tion to find the word alignment with the highest probability value. Machine 
translation is fundamentally a search problem from an infinite pool of poten-
tial texts. After translation in line with the corpus, one sentence is chosen 
from a variety of potential sentences. A prediction and search difficulty exists 
here. The model described below is started by an algorithm designed to learn 
from the suggested aligned data. For each pair of Bangla–Odia words, the 
data is scanned, the alignments are noted, and the alignments are counted 
(i.e., aligned data, Bangla–Odia pairs). To acquire the probability values 
(aligned word pair Bangla–Odia), all counts (means probability values) are 
normalized by the frequency of the relevant Bangla word appearing in an 
Odia word. The algorithm described in this article is quite simple.

25.7 ALGORITHM 1

• START
• Initialize all counts to 0
• For each n value between 1 and N
• For each i value between 1 and I

a. For each j value between 1 and J
i. Compare ai = j up to n, that is, i value
ii. Count [(Bi, Oj)] ++
iii. Count [Oj]++

• For each (Bi, Oj) value in count do
i. P(B|O) = Count(B,O)/Count(O)

• STOP

The linear alignment variable used in this approach to gather counts is 
discussed. When the unobserved alignments are left, only the approach that 
finds all pairs of a word will be relevant, and this algorithm can be expanded. 
Depending on the length of the sentence, this method counts all word pair-
ings that are quadratic in nature. After a few iterations, two formulas are 
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employed to determine the alignment probability. Although this algorithm is 
not completely hypothetical, some sentences from the corpus are taken with 
observed alignments that a small amount of observed data is trained, but 
this would not produce a good estimate θ. So, the EM algorithm is applied 
for good estimation of θ. The main problem of MLE for the huge number 
of sentences, the alignment “a” is not observed. So, the EM algorithm is to 
learn the parameters of a latent variable model as it happened in IBM model 
1. EM has two advantages, to replace the previous count (observed count) of 
alignment links with present counts (expected counts) of alignment links and 
computed with respect to some previous estimate of θ. Next is to compute 
the expected counts with respect to each and every previous estimate of θ 
value and improve it. Two things are necessary, observed count and expected 
count of alignment links.

There are some extra advantages or inspiration for using EM algorithm 
from MLE. So need to do slight modification of eq 25.4 to find another 
equation, as follows:

 ( ) ( )( ) ( ) ( ) ( ) ( ) ( )
( )

( )

( )

1 1 1

| ( | ) ( | ). ( | )

n

i
n

N N I
n n n n n n n n

i i a

n n ia

P B O P I J P a J P B Oθ
= = =

=∏ ∏ ∑∏  (25.6)

Here still maximize the likelihood of the observed data, but the observed 
data is not included the alignments, so just remove the third expression, and 
expand the fourth expression. In other way, as alignment is not seen, the 
probabilities values of all possible alignment is added that produced the exact 
alignment or output because this gives the marginal probability of B which 
is to be maximize. However, there are little bit errors in that the sum over 
the alignments prevents an analytics solution. However, whatever problems 
have, that is to be solved algorithmically. However, this algorithm is very 
similar to MLE to turn out the problem or error as the expected count of the 
link, is calculated by the Bayes’s rule.

 
( | , ) ( | ) ( , | )

(  | , )  
( | ) ( | )

i i i

i

P B a j O P a j O P B a j O
P a j B O

P B O P B O

= = =
= = =  (25.7)

The posterior probability above finds the percentage of alignment link 
between Bi and Oj. Importance of posterior probability many to know the 
links percentage. Eq 25.7 says that to find the posterior probability is the sum 
of the probability values of all of the alignments containing a link between Bi 
and Oj divided by the sum of the probability of all the possible alignments. 
So the resultant value is a probability number. In the MLE case, the link 
value is incremented by 1, i.e., already linked and counted of the two words 
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each, if the value is zero means there is no link. So, this posterior probability 
value is always between 0 and 1, that is, formally indicating uncertainty 
whether a link between B

i
 and O

j
 exists or not. If the value is close to 0, then 

there is no link and if it is close to 1, it means that a link exists. If the value 
exists in the middle, not certain at all (which means that there exists no link 
at all). The objective of the EM is to replace counts of observed events with 
posterior probabilities. These posterior probabilities are to be calculated, and 
to do so. It has been observed that
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/ / / //
/: 0:

1 1
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  (25.8)

Now P(I|J) is canceled because P(ai|J) is uniform, the expression 

0
( | )

I

ii
P a J

=∏  is constant across all alignments of the sentence. Now it is 

canceled. This expression is written purely in terms of lexical translation 
probability. Both the numerator and denominator in eq 25.8 are summed 
over exponentially many terms. Again, writing the eq 25.8 by computing the 
summation over a.
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The eq 25.9 state that the denominator is a sum over product of exactly I 
terms, to simplify the expression. The summation of a

i
 values first requires 

P(B
1
|O

1
) is multiplied by all possible permutations of probabilities of transla-

tions of word B2 through BI. The upper part is the sum of all permutations 
multiplied by P(Bi|Oj).
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Here in eq 25.10, calculating the posterior probability P(a
i
 = j|B,O) in 

a linear way of all parameter P (B|O). To calculate the expected counts of 
a link is the counts are collected across the entire dataset and then divide, 
just like MLE that means expected counts of a link divided by MLE. For 
EM, computing the expected counts called expectation step (E-step) are 
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normalized by the M step called maximization. This problem is not fatal 
however assigning some initial value to θ which is called θ

0
, then compute the 

expected counts each time θ
0
,
 
θ

1
, θ

2
 and so on. The result is quite improving 

the estimation of θ is the second key result of the EM algorithm. So, for this, 
the code of algorithm 1 is extended to EM.

25.8 ALGORITHM 2

1. k = 0
2. Initialize θ

0

3. repeat
4. k = k + 1
5. Initialize all counts to 0
6. for each n in [1, 2, 3, …, N] do

a. for each i in [1, 2, 3, …, I(n)] do
i. z = 0

b. for each j in [1, 2, 3, …, J(n)] do

i. ( ) ( )
1
( | )

k

n n

i jz P B Oθ −
+ =

iii. for each j in [1, 2, 3, …, J(n)] do

1. ( ) ( )
1
( | /

k

n n

i jc P B O zθ −
=

2. ( ) ( )
 count ,  

n n

i jB O c < > + = 
3. count [e

j
] + = c

7. for each <B, O> in count do

a. ( )| count( , ) / count( )
k

P B O B O Oθ =

There are two answers of θ
0
. Here two things are very important in EM, 

first is the likelihood of θ
i
 will always be greater than of θ

i–1
. The second 

one is, the model belongs to likelihood function is convex. These properties 
say, the limit of the EM algorithm must converge to the exact MLE. Finding 
the value of θ

0
 repeatedly or in a recursive way. The experimental result is 

something different. Most people run EM only 3–5 times and this shows that 
in this case,11 using heuristic initialization of θ

0
 can significantly improve its 

accuracy. When EM is run, a good value of θ is searched and that θ is used 
to predict the “a”; this “a” is assigned to the highest probability value and 
indicated as â
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 ( )
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This is very easy, the alignment factor over the Bangla words.
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Since the only quantity that depends on a
i
 is ( )|

ii aP B O , this reduces to 
argmax

ˆ  ( | )
ii i a

i

a P B O
a

= .

This probability value can be refined more by developing some new algo-
rithms. The Expected count with mapping alignment between Bangla–Odia 
is here.
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where C = expected count of B
i
 ↔ O

j
 mapping in the context of the parallel 

corpus Bs ↔ Os. #B
i 
∈

 
Bs = number of times B

i
 occurs in Bs. #O

j 
∈

 
Os = 

number of times O
j
 occurs in O s. “s” is represented as a parallel sentence 

pair.

25.9 RESULT AND DISCUSSION

In a bilingual dictionary based on the agriculture domain, a modest 
number of sentences (about 5000), about 50,000 words, and observable 
alignments are documented in a well-formatted, scientific style for easy 
access. The training process involves all observed alignments, and the 
result is a reliable estimate, as shown in eq 25.5. The corpus size needs to 
be expanded to obtain accurate estimates. One-to-one, many-to-one, and 
many-to-one word correspondences are all present. First, linkages (as a 
one-to-one mapping) have an equal chance of occurring. After one iteration, 
the model discovers that connections are created between the words from 
two parallel phrases that are the most similar by calculating the likelihood. 
Another iteration reveals that the probability value of the current word 
is more likely to be connected to earlier similar words. By calculating 
projected probability values recursively, the EM algorithm is an iterative 
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process that maximizes the model or dictionary. It is feasible to decide on 
a possible alignment based on the likelihood values. Therefore, there are 
times when the Unigram approach is the most suitable one for determining 
the probability value of what to maximize and what our expectation value 
is. The two techniques used to evaluate a sentence’s likelihood and word 
alignment are bigram and trigram. To calculate all probability values, 
a bigram in the form of a matrix is used. The expected count, updated 
expected count, and revised alignment probability values are calculated 
for each word in each parallel phrase. The updated alignment probabilities 
provide a better degree of approximation value between the words in the 
parallel text. As opposed to the average entropy with heuristic alignment, 
which is 1.53, the average entropy with EM alignment is already 1.4. The 
probability distribution is improving.

 1.4 < 1.53

There are further mathematical procedures that can be used to improve 
this percentage value.

25.10 CONCLUSION AND FUTURE WORK

If a parallel corpus is closely matched at the sentence level, the computer 
can translate words from one language to another quickly. Bilingual 
dictionaries and phrase-based translation are frequently employed to 
address challenges such as one-to-many and many-to-one alignment. 
The creation of correspondents (Bangla–Odia) between two languages 
on a one-to-one, one-to-many, and many-to-one basis is made possible 
by bilingual dictionaries. With stated level translation, word divergence 
issues may occasionally be more successfully resolved. The EM method is 
used to determine which word combination (Bangla–Odia) has the highest 
probability value. Additionally, it is helpful to translate sentences and words 
one at a time while meticulously locating the crucial keyword in the target 
language. One of the most important factors to consider while translating a 
sizable amount of text is temporal complexity. As a result, caution should be 
exercised to obtain a better outcome because optimizing this is a challenging 
process. Likely, space complexity would not be reduced because of the 
size of our corpus data; rather, space should be increased because memory 
utilization is a concern.
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