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The Institution of Engineers (India)
(ESTABLISHED 1920, INCORPORATED BY ROYAL CHARTER 1935)
West Wengal State Centre
B8, GOKHALE ROAD, KOLKATA - TOO020
A Cemtury of Service to the Nation

Pruf. (Dr.) Raju Basak, FIE

- Telephone: +91-33-2223 8014
Chalrman

E-mail : whsei leindia.org
Er. Anirban Datta,MIE Website: ww_lelwhsc.co.in

Hoparary Secretary

Message from the Desk of Chairman, WBSC, IEI

It gives me immense pleasure o extend my warm greetings o all distinguished researchers,
academicians, industry professionals, and students participating in the 1st International
Conference on Smart Technology for Emerging Problems (STEP2025). This conference
serves as a dynamic platform for intellectual exchange, fostering discussions on cutting -edge
advancements in smart technologies and their transformative impact on various domains.

In an era where innovation drives progress, the theme of STEP2025 & highly relevant. The
diverse tracks—ranging from smart computing, mechanical systems, power and energy
solutions, smart technologies, network communications, amd climate sustainability—
highlight the multidisciplinary nature of modern research and its role in addressing real-world
challenges. The collaboration of eminent institutions, technical societies, and experts further
elevates the significance of this event.

The Institution of Engineers (India), West Bengal State Centre, takes pride in supporting
initiatives that bridge the gap between academia and industry, paving the way for sustainable
technological solutions. T encourage all participants to engage actively, share their pioneering
ideas, and forge new collaborations that will shape the future of emerging smart technologies.

I extend my best wishes o the organizers, Keynote speakers, and participants for a successful
amd enriching conference. May STEPZ0Z5 be a milestone in fostering innovation and
knowledge dissemination for the betterment of society.

Best regards,

f}'ﬁ..? prlaraentt
U w Date: 19.02.2025
Prof. Dr. Raju Basak

Chairman, West Bengal State Centre

The Institution of Engineers (India)

HEADQUARTERS, 8, Gokhale Road, Kolkata - 700 020
Telephone: 40106299, +91-33-2223 83WM/14/15M16 Facsimile: +91-M-22231 8345  Web:
hittp:fawnv.ieindia.org
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I —_— I The Institution of
| Engineering and Technology

Message from the Chairman IET Kolkata Network

It is our great pleasure that know that M/S Gargi Memorial Institute of Technology (GMIT) is organising
the first international conference on Smart Technology for emerging problems (STEP2K25) which is
contextual and relevant to the present world. Again, theme of the conference is "Innovating Solutions
for Future Challenges” which is an important tool in solving problems with a different mindset.

In view of sustaining our existence in the world, regularly we face, innumerable challenges, people of
science and technology background are conducting continuous research activities to find out solutions
which can make our life easier so that, the human community live in the world more conveniently for
years together. Again, a few scientists are toiling hard to find out the fundamental cause and effect
relationship. The result of all research activities of applied and pure science, are to find a tangible and
economic solutions to make the green planet a cleaner and safer place to live in. | appreciate the
Institute Authority of organising such an excellent platform for solving challenges with innovative skills.

| expect “STEP 2K25" will bring forth innovative and tangible solutions based on modern technologies
using Smart systems. advanced communications, computations, sensor technologies supported with Al
and ML, but my humble request to the organisers is to see the benefit of such innovations must reach
to the bottommost level of our society.

The IET is a global organisation. sincerely working for the improvement of people's life through
community development and work on solving engineering challenges, Sustainability, Future Mobility,
and Internet of Things (loT). IET is famous for future Engineering and passionate to work with students
and researchers who are keen to contribute for India.

We are happy to be technical sponsor of the seminar and we expect our willingness to be associated
with the institute in future with academic / industrial programmes.

| convey my best wishes to the organisers, speakers, research persons, students and all associated
with the conference and expect a grand success of the seminar. | believe all the innovative solutions
will not be restricted to the scientific community but reap benefit for the common people.

g ~ :
Sankar Nath Mukhopadhyay MIET, C.Eng (UK)

Chairman

IET, Kolkata Network
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Chairman
Prof. 5 Kar Chowdhury

— IEEE Kolkata Section

L]
Dr. Tridibesh Nag IEEE

Message from Chair IEEE Kolkata Section:

1" International Conference on SMART TECHNOLOGY FOR EMERGING
FROBLEMS (STEPZKZ25), is being organized by Gargi Memorial Institute of

Technology.

This conference will provide an interdisciplinary platform for researchers,
practiioners and educators to present and discuss the most recent innovations,
trends and concerns as well as practical challenges encountered and solutions

adopted in the fields of diverse domains of technology.

This initiative will foster awareness for research in students, facully members,
industry people and researchers. | appreciate the efforts made by all the team
members of the STEPZK25 organizing Committee and Steering Committee in

making it a fruitful endeavor.

I wish the conference a grand success. All the best.

With best wishes

Suparna Kar Chowdhury

Chair, IEEE Kolkata Section
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Chair:

Prof. Sovan Dalai f: - IEEE
sovandalad yahoo.co.in r@m I E E E
Secretary: .

Prossns & [Ersegy Soaien®

Dr. Subrata Biswas rnmmmm— Advancing Technology
subratab28 @gmall com Power & Energy Society Chapter for Humanity

IEEE Kolkata Section

Date: 24-02-2025

Message from the Chairman, IEEE Power & Energy Society (PES) Chapter Kolkata Section

It is with immense pleasure that I extend my heartfelt greetings to all distinguished guests, researchers,
academicians, industry professionals and participants of the 1st International Conference on SMART
TECHNOLOGY FOR EMERGING PROBLEMS (STEPZK25), scheduled to be held on 21st-22nd March
2025 at Gargi Memorial Institute of Technology (GMIT).

On behalf of the IEEE Power & Energy Society (PES) Chapter Kolkata Section, I am delighted to announce
our technical sponsorship for this prestigious conference, which is themed "Innovating Solutions for Future
Challenges.” This theme resonates with the ongoing advancements in smart technologies, addressing critical
challenges across various domains while fostering sustainable and future-ready solutions.

Conferences like STEPZKZ5 play a pivotal role in bringing together scholars, researchers and indusiry experts
to share knowledge, exchange ideas and collaborate on pioneering technologies that shape the future. IEEE PES
Kolkata Section is proud to be associated with this inidative and is confident that this event will contribute
significantly to academic and industrial advanoements.

I extend my best wishes (o the organizers, authors and participants for a highly successful and intellectually
enriching conference. May this gathering serve as a catalyst for innovation and meaningful collaborations in
smart technology solutions.

Eest regards,
Frof. Sovan Dalai
Chairman, IEEE PES Chapter Kolkata Section

C/o High Tension Laboratory, Electrical Engineering Departiment
JADAVPUR UNIVERSITY
Kolkata - 700 032, INDIA
ME: Please visit our chapier website at htip:/www ieeepeskolkata.org!
Email: a) sovandalal & yahoo.co.in, b) subratab28& gmail.com

Xii| Page



oo {IEEE

~EEE ... [EEE COMUNICATIONS SOCIETY
ComSoc |\ oLKATA CHAPTER

(Geo code CHI0300)
i Dt OF:03. 2025
Dr. Pallab Ganguly
Chairman

I am writing this short note as the Chair of IEEE COMSOC,
Kolkata with all my good wishes for those who are attending the 2025

edition of the International Conference STEP 2025 to be organised by
GMIT.

I am sure that the team, organizing STEP 2025 will definitely put
together an outstanding technical program that includes world-class
speakers discussing research, industrial trends and recent
advancement in information systems.

I wish the entire committee of STEP 2025 a grand success.

O ?()DB)M

@ https://kolkata.chapters.comsoc.org é +91-9331265810 ’l .‘ pallabganguly1@gmail.com

m https://www linkedin.com/company/ieee-comsoc-kolkata-chapter
TS
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Chairmon ¢ IEEE DES

Dr. Subrata Biswas Advancing Technolagy
far Humanity SEEE MOLKATA BECTION
Dielectrics 8 Electtical Insulation Society Chapter
|EEE Kolkata Section

Date: 24" February, 2025

MESSAGE

At the outset, on behalf of Dielectric and Electrical insulation Society (DEIS) Chapter of
IEEE Kolkata Section, I extend a warm welcome to you all to the 1st International
Conference on  "SMART TECHNOLOGY FOR EMERGING PROBLEMS
(STEP2ZK25)". This conference provides a perfect platform for IEEE members, Students,
Young Professionals and also non-members from various strata of the Profession.

I consider it to be an honour to be part of this wonderful team of professionals who have
worked tirelessly to make the conference a grand success. The zeal and professionalism
demonstrated by the organizing committes will go a long way to spread the message of
IEEE across the length and breadth of the country.

I am happy to share that in the technical session of STEP2ZK25 there are around 100
technical papers have been selected for oral presentation.

In the end, on behalf of Dielectric and Electrical insulation Society (DEIS) Chapter of
IEEE Kolkata Section I thank all the volunteers, who have worked hard to make this

event memorable.

I wish the conference all succoess.

D, Subrata Biswas, SMIEEE (LUSA)
Chairman

DEIS Chapter

IEEE Kolkata Section
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tectRon 1EEE Electron Devices Society (EDS)
Kolkata Chapter

IEEE Region 10 Asia and Pacific IEEE

hitpy//www.ewh.ieee.org/rl/calcuttafeds/

Date: 05.03.2025

As the date of the STEP2ZK25 draws near, [ want to take a moment to extend my best wishes for a
successful and impactful International Conference for all the stakeholders of the college, as well as
academicians and industry professionals. The conglomerate will be the dais to share thoughts between
like-minded researchers and thinkers who will lead the future progress of our Society.

The hardwork and dedication exhibited by the organizing committee is truly commendable, and 1 look
forward to hearing about the positive outcomes and exciting conversations that will take place. Wishing
you and the entire organizing team a successful, productive, and inspiring conference! Let's make it an
unforgettable experience.

Dr. Arpan Deyasi
Chairperson, IEEE EDS Kolkata Chapter
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& IEEE #photonics

IEEE PHOTONICS SOCIETY CHAPTER |
CALCUTTA SECTION

March O, 2025
From:
Dr. Bratati Mukhopahyay
Chairman, IEEE Photonics Society Kolkata Chapter

On behalf of the IEEE Photanics Society, Kolkata Chapter, I extend my heartfelt wishes
for the rescunding success of the 1* International Conference on SMART
TECHMOLOGY FOR EMERGIMNG PROBLEMS (STEP2K25) to be organized by
Gargi Memorial Institute of Technology (GMIT) on March 21, 2025 and March 22, 2025,
It iz my sincere hope that this conference will serve as a valuable platform for all
participants, particularly young researchers and it will prove to be of exceptional benefit
by providing them unique opportunities for growth, learning, knowledge, and scientific
collaborations as well.

My it be an incredible success!

Patak: Makhopadipay

BRATATI MUKHOPADHYAY

Contact Address
INSTITUTE OF RADIO PHYSICS & ELECTROMICS
University of Calcutta
92, Acharya Prafulla Ch. Road, Kolkata - 7000 002
Phone : 2350 9115/ 3116 / 9413

xvi|Page



. IEEE 1i-

‘@ I EEE Signal Processing Society Chapter Signal ==

Advancing Technology IEEE Kolkata Section Frocessing
for Humanity Soc H...

Chairman Secretary
Biswendu Chatterjes Biswajit Chakraborty

Date: 05/03/2025

Message from the Chairman, Signal Processing Society (SPS) Chapter, IEEE Kolkata Section

It iz a great honour and privilege to extend my warm greetings to all esteemed guests, researchers,
academicians, industry professionals, and participants of the 1st International Conference on
SMART TECHNOLOGY FOR EMERGING PROBLEMS (STEPZKIS), sct to take place on
March 21st-22nd, 2025, ot Gargi Memorial Institute of Technology (GMIT).

On behalf of the Signal Processing Society (SP5) Chapter, IEEE Kolkata Section, | am pleased to
announce our technical sponsorship for this esteemed conference, centered around the theme
"Innovating Solutiens for Future Challenges.” This theme aligns with the rapid advancements in
smart technologies, addressing pressing global challenges while fostenng sustamable and forward-
thinking solutions.

Conferences like STEPZK2S serve as a crucial platform for researchers, scholars, and industry
professionals to exchange ideas, share knowledge, and collaborate on cutting-cdge innovations that
drive technological progress. The IEEE SPS Kolkata Chapter 15 proud to be a part of this initiative
and 15 confident that this event will make a meaming ful impact on both acaderma and ndustry.

| extend my best wishes to the organizers, suthors, and attendees for a highly prodoctive and enniching
conference. May this gathering inspire innovation and foster impactful collaborations in the realm of
smart technology.

Best regards,

Biswendu Chatterjee
Chairman

SPS Chapter

IEEE Kolkata Section
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IEEE “ﬁ() IEEE YOUNG PROFESSIONALS,

YOUNQ

professionals KOLKATA SECTION

Holkaia Seciion

Date: 25.02.2025

Message from the Chairman
IEEE Young Professionals Affinity Group, Kolkata Section

I am very much pleased to extend my heartfelt congratulations to Gargi Memorial Institute of
Technology (GMIT) for organizing the 17 International Conference on Smart Technology for
Emerging Problems (STEP2ZK25). The theme of the conference is “Innovating Solutions for
Future Challenges, ” which greatly aligns with IEEE’s mission of “ddvancing Technology for
Humanity. "

The IEEE Young Professionals Affinity Group, Kolkata Section is happy to provide technical
collaboration for this conference. | extend my sincere thanks to all the researchers who had
contributed their research works in this conference. I am also pleased to know that around 100
research papers have been selected after a thorough review process.
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Abstract — In India, rice is one of the most widely grown
crops. Rice crops are susceptible to various diseases on a
wide range of cultivation levels due to climate changes.
Nowadays, farmers face crop production loss for several
reasons. Crop disease is one of the most concerning
reasons. This is because of a lack of knowledge about crop
diseases and the preventive measures to stop the spreading
of diseases. To control the disease, first, it needs to be
detected correctly, then an expert opinion is needed, and
this is not affordable to farmers in terms of both time and
cost. Researchers are keen to leverage advanced
technologies such as machine learning, deep learning, and
image processing methods to diagnose rice leaf diseases,
aiming to support farmers in addressing this issue. This
paper reviews articles related to rice leaf disease.

Keywords — Deep learning; Rice; leaf disease

I. INTRODUCTION

Rice has a crucial part in the worldwide food supply, serving
as an essential food item and energy source for nearly 50% of
the world’s population. This indicates that it is vital to the
survival of a substantial section of the world population and
plays a critical role in feeding them [1]. Rice, a tropical plant,
thrives in hot and humid environments. Most rice farms are
located in regions with abundant annual rainfall, mainly in
rain-fed areas. In India, it is commonly known as a Kharif
crop due to its high demand. To thrive, it requires over 100
centimeters of rainfall and a minimum temperature of 25
degrees Celsius. In regions with little rainfall, irrigation is also
used to raise rice. In the eastern and southern regions of India,
rice is the main diet.
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For this reason, maintaining a steady and abundant rice crop is
essential to food security. This implies that to prevent crop
failure, the rice crop needs to be shielded against pests,
illnesses, and other hazards. To increase crop output, this
entails employing suitable farming techniques, creating
efficient disease management plans, and putting new
technology into use [2]. Numerous leaf diseases exist, such as
brown spot [3], leaf blast, bacterial leaf blight, sheath blight,
sheath Rot [4], and so on. There has been a significant loss of
rice quantity and quality as a result of bacterial, fungal, and
viral infections. Customary farmers used their prior expectant
experiences to identify those illnesses. To control the disease
and stop it from infecting other plants, it is critical to figure
out the disease that has affected the field of paddy. Without
assistance from others, farmers with limited knowledge of
paddy fielding are unable to promptly identify and treat
problems.

Nowadays, many advanced technologies we use like Machine
Learning, Deep Learning, image processing, etc. are used to
detect discases easily. The younger generation of farmers
casily identify those diseases using advanced technology.

II. RELATED WORK

Researchers have developed methods to diagnose rice plants
by combining deep learning, machine learning, and image
processing.

[16] improved performance by using the transfer learning
technique to 15 pre-trained CNN models for the automatic
diagnosis of illnesses in rice leaves. They claim that there are
several difficulties in detecting rice leaf diseases, such as:-
The variety of rice leaf diseases, Lack of standardized



methodologies, Limited accessibility to technology,
Difficulties in data collection, and Balancing accuracy and
computational complexity. In Their implementation with a
score of 99.64%, the InceptionV3 model has demonstrated
impressive accuracy.

[12] centered on developing a low-cost deep learning
algorithm to more accurately identify illnesses in rice plants.
To detect rice plant illness more accurately than some of the
pre-trained models, like Inception V3, MobileNet,
DenseNet201, Xception, VGG19, etc., they developed their
own CNN model,”LW17.” They tested our model with
different training-testing ratios learning rates, multiple layers,
optimizers, pooling layers, and epochs using UCI datasets for
disease detection using the suggested technique. Comparing
the Light Weight 17 (LW17) model to other complicated deep
learning models, less computing was required. They used max
pooling with the optimizer named ”Adam” at a learning rate of
0.001 and the LW17 model to achieve the best accuracy of
93.75%. With fewer layers in its architecture, the model
performed better than other state-of-the-art models.

[5] used a Convolutional Neural Network (CNN) model with
transfer learning to identify rice-leaf diseases. They have
utilized the pre-prepared VGG16 model and utilizing Transfer
learning they have calibrated the completely associated layers
so they can oblige their dataset and toward the end, they have
done a few blunder examinations and attempted to clarify the
explanations behind the error. They have employed a number
of augmentation strategies, including rotation, shift in both
directions and zoom. They have developed a deep learning
architecture that precisely analyses 92.46% of the trail photos
after training on 1509 images of rice-leaves and trails on
numerous 647 images. They found some leaf-diseases like
Leaf-blasts, Brown spots, and Bacterial Leaf blight in this

paper.

[2] classified the rice leaf disease using a deep convolutional
neural network. In this work, a pre-trained CNN-based deep
learning model is customized by changing the network’s
architecture and using transfer learning techniques. The
resultant model, called PaddyLeafl5, CNN, is assessed using
the Kaggle benchmark dataset. The results in this research
show that the suggested model performs better with the
highest model accuracy when compared to VGG-16 and
Inception V3-based models.

[15] suggested an illness identification decision support
system for rice producers in India. Applying image processing
and ML techniques to analyze plant leaves, the authors of this
paper first looked into recent contributions to the field of plant
disease detection. They then made use of two different types
of datasets, including the Rice Leaf Disease Dataset and the
Plant Village Dataset. Additionally, they introduced a machine
learning technique which uses the canny edge detection
technique for gathering edge features, grid color movement
for extracting color data, and local binary pattern for texture
analysis. Subsequently, they created a composite feature
vector to train the SVM and ANN.

2| Page

Using machine learning and image processing techniques to
analyze plant leaves, the authors of this paper first looked into
recent contributions to the field of plant disease detection. and
Artificial Neural Network machine learning algorithms. These
algorithms for machine learning are arranged in a way that
enables the suggested decision support model to distinguish
between different leaf plants and to identify diseases that
affect rice plants. They discovered that the SVM is more
costly when they use a significant amount of data, based on
the training time results they were able to achieve.
Consequently, ANN outperforms SVM in the classification of
huge data sets.

[11] employed machine learning and deep learning techniques
to find illnesses in rice leaves. He employed two models: the
first, which employed CNN to extract features with an
accuracy of 80%, and the second, which classified diseases
using machine learning classifiers such as Random Forest and
K-Nearest Neighbours.

The researchers, [1] proposed a method for identifying and
categorizing paddy leaf diseases that rely on machine learning
and image processing. The illnesses Brown Spot, Bacterial
Leaf Blight, and Leaf Blast are taken into account when
determining how well this suggested methodology performs.
In this work, the diseased area on the paddy leaf is identified
using color thresholding. As a result, different feature
categories are extracted from the sick image’s affected area,
including color, texture, and form data. The suggested
methodology employs Support Vector Machine (SVM) and k-
nearest neighbors (K- NN) algorithms as classifiers, and their
performances are employed to assess the methodology’s
efficacy. Their suggested method detects rice plant diseases
such as leaf blasts, brown spots, and blight with more
precision.

[9] used the AlexNet technique with impressive results to
identify the three common rice leaf diseases known as
bacterial blight, brown spot, and leaf smut. One particular kind
of deep learning categorization method is called AlexNet. For
this task, the Kaggle dataset was utilized. Three picture files
depicting rice leaf diseases—bacterial leaf blight, brown spot,
and leaf smut—were included in this dataset. The 120 total
photos in each file were too tiny to use with their suggested
technique. So, they applied image augmentation to enhance
the size of the dataset. Following image augmentation, there
were 900 images in the dataset. The dataset was split into two
sections, referred to as training and test data, with 70% of the
data utilized for training and 30% for testing.

[3] decided to use Convolutional Neural Networks (CNNs) to
identify the specific rice leaf disease. The underlying model
employed by the researcher was MobileNet. It is one of the
winners of the ImageNet Large Scale Visual Recognition
Challenge (ILSVRC) and a cutting-edge CNN model trained
on ImageNet. They also made use of Image Analysis, another
capability. This feature allows the mobile application to
analyze the rice leaf for disease diagnosis by using the CNN
technique to save the characteristics and attributes of photos.



Their initial results from their two iterations are as follows:
97% trained data set, 94% validation (overfitting resulted in
this), and 98.9% trained data set, 98% validation (overfitting
was resolved). They have created a smartphone app that might
benefit the agriculture industry. The researchers get to the
specific conclusion that the mobile application will aid in the
understanding of rice crops’ high yield about rice illnesses to
take preventative action.

[17] proposed a deep convolutional neural network method for
the identification of atomic plant diseases. The program was
trained to recognize the three prevalent diseases on paddy
using a dataset of 500 photos of healthy and diseased samples.
Convolutional neural networks have been used in experiments
to increase the accuracy of rice disease diagnosis. The findings
of this research demonstrate their ability to accurately identify
and detect these groups of rice illnesses with the highest level
of test accuracy. The tabular form of the literature review is
given in Table 1.

III METHODOLOGY

At the start of every research project, it is critical to select the
appropriate methodology for effectively finishing the project
task. After choosing the study work’s technique, the steps
should be correctly followed to obtain a better result. This
review uses knowledge discovery in database methodology to
find the problem’s solution. Despite its extensive scope, this
methodology works well when combined with deep learning,
machine learning, and image processing.

The following steps are relevant to achieve this process:
Machine learning and deep learning are used to automatically
detect similarities with diseased photos by comparing the
properties of the infected leaves with those of prior datasets
and image. The color distribution of the leaf and its outer
edges have been identified using machine learning and deep
learning in order to spot any unusual color changes in the leaf.
The leaves' color scheme was taken into consideration while
determining their condition that is healthy or not.

A. Image Accusation and Data Gathering

[16] gathered and aggregated publicly accessible photos of
nine classes affected by rice leaf disease and one class that
was unaffected by Mendeley and Kaggle data. The training
dataset’s size and diversity were increased by data
augmentation, producing a total of 10,080 pictures. With
identical lighting conditions and a white backdrop, every
picture was taken in the.jpg format and had a resolution of
128 by 128 pixels. Rathore et al. (2023) used a public dataset
from the UCI Repository to detect rice leaf diseases. [5]
created their dataset and also trained and tested on the rice-
fields datasets. [2] used a benchmark dataset from Kaggle.
[10] collected photos of rice leaves from PlantVillage—
Kaggle, an open-source worldwide research data network.
Additionally, under the direction of Vinod Chandra SS,
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Panchami R. has taken the initiative to gather the raw photos.
[11] gathered data from the internet which is accessible on
kaggle.com. The collection contains 3355 images, all of
which are in.jpg format. The high- resolution pictures in the
collection have led to its size of 7GB. [1] gathered photos of
rice plant leaves from the Rice Research Institute, Kaggle,
Shutterstock, and UCI Machine Learning Repository. They
have also created a dataset of 754 photos in total. [9] collected
a dataset from Kaggle.com named rice leaf disease detection.
The dataset contained a total of 120 images. They increased
the dataset to 900 images by image augmentation. [3] used the
dataset by Huy Minh Do available at kaggle.com, containing
1260 labelled rice leaf images.

B. Image Pre-Processing

To eliminate undesired noise from gathered photos,
image pre-processing has been employed. Various
researchers have proposed concept pre-processing
strategies. [12] conducted data augmentation to expand
their dataset to 420 photos through zooming and rotation.
Every photograph was cropped to a fixed 120 % 120 size.
The images were scaled by a factor of 1.5 in both the x
and y axes to accomplish the zooming operation, and the
rotation operation involved shifting the angle of rotation
from 15 to 30 degrees by incrementing the angle after
each iteration. They were able to collect 420 photos
representing three distinct classes by manually carrying
out all of the dataset’s augmentations. After obtaining the
dataset, they transformed it into a NumPy array, which
contains the values of each pixel in that particular image.
At the same time, they added labelled the images as 0, 1,
or 2.

According to [16], all leaf disease photos were pre-
processed by downsizing them to match the input size of
the corresponding CNNs that had been trained
beforehand. RGB (red, green, blue) graphics were used in
all of the pictures. Shear parameters, reflection, and
picture rotation are all included. To allow for horizontal
image reflection, the RandXReflection was set to true. A
limited range of translation was possible in the
photographs since the RandXTranslation (the range of
vertical translation) and the RandXTranslation (the range
of horizontal translation) were set at -3 to 3. The photos
had a range of shear, expressed as an angle in degrees
because the RandXShear (range of horizontal shear) and
RandYShear (range of vertical shear) were set to - 30 to
30. [5] gathered the pictures from the fields exceptionally
less for preparing CNN so they used a variety of
augmentation methods, including rotation, shift in both
directions, and zoom. [11] standardized on photos so that
they may be used in the right format and facilitate
modeling more quickly. because the photographs’
original sizes differ. Resizing images has the primary
benefit of enabling quick model training, as the model
learns more quickly on reduced image sizes. The photos
were downsized from their original 1881*1881 pixel size
to 256*256 pixels.



According to [1], to make all of the photographs the same
size, they were first downsized to a 1000 x 1000-pixel
resolution. This scaling of the image required less
processing power and memory. Following the conversion
of the source photos into the HSV color space, the H, S,
and V components were extracted.

C. Segmentation

Segmentation is an important step in recognition of
object. It transforms images into a more comprehensible
and significant format. [1] employed multiband

thresholding to identify the afflicted region. After that,
pictures with the backdrop removed were utilized as the
input image, and the sick and healthy parts of the image
were separated using a binary mask made with color
thresholding. Once more, the HSV color space was
employed to eliminate any residual noise in the affected
area of the picture. The background- removed image’s H
value was utilized to determine the illness part. Color
thresholding was used to take out the green color part.
The diseased piece has been excised by removing the
section that was green in color.

TABLE I. THE TABULAR FORM OF THE LITERATURE REVIEW

Title Author Model/Method Accuracy
Atomic Recognition of Rice Leaf Disease Using [16] InceptionV3 99.64%
Transfer Learning AlexNet 97.35%
Detection of Rice Plant Disease from RGB and [12] LW17 93.75%
Grayscale Images Using an LW17 Deep Learning
Model
Detection of Rice Leaf Disease Using CNN With [5] VGG16 91.23%
Transfer Learning
Rice Leaves Diseases Classification Using Deep [2] VGG-16 95%
Convolutional Neural Network InceptionV3
Rice Plant Disease Detection Using Machine [14] CNN 80%
Learning Random Forest 96%
K-NN 72%
Rice Leaf Disease Detection and Diagnosis Using [10] CNN 93%
Convolution Neural Network
Deep Learning Utilization in Agriculture: [8] VGG19 96.08%
Detection
of Rice Plant Diseases Using an Improved CNN
Model
Detection Diseases in Rice Leaf Using Deep [11] CNN 80%
Learning and Machine Learning Techniques Random 96%
Forest K- 72%
Nearest
Neighbors
Detection and Classification of Rice Plant Diseases [1] SVM Leaf blight
Using Image Processing Techniques K-NN 89.19%
Brown spot
82.86%
Leaf blast
89.19%
An Efficient Disease Detection Technique of Rice [9] AlexNet 99%
Leaf Using AlexNet
Rice Disease Detection Using Deep Learning [17] CNN 99.53%

[7] utilized More than one group by contrast
belonging to data points is possible with fuzzy
clustering. Consequently, the hazy led to the
creation of a partition. Every cluster was
linked to a membership function, and each
cluster had distinct data points that were
expressed and belonged to it. The algorithm
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used by the user to specify the clusters was
dependent on the number of clusters in the
data set. By minimizing the within-group
sum of the squared error objective function,
FCMC divides the data X = x1, x2, ,xn
into ¢ fuzzy clusters, given several clusters c.

According to [6], the binary images were first



inverted, and then the smallest parts with
areas smaller than 200 pixels were eliminated.
These procedures allowed for the acquisition
of small areas of the disease-affected locations
that the threshold method was unable to
identify. After that, the pictures were
reversed, and noise was removed using a
median filter. They now have a segmented
binary image of the disease- affected areas as a
result. They eventually obtained a fully
segmented  disease-affected image by
substituting the original pixel values in the
affected regions.

[10] manually split the input image by
eliminating the backdrop if there were
excessive sounds. This was a crucial step that
needed to be completed before the model
could be trained. Every image had its size
adjusted to 224 x 224 x 3 pixels. The range of
pixel intensity values was then altered by
performing picture normalization. The
normalization value was set to False during
the model’s training process. A frame
comprising all of the class images was created
to create the training and validation sets. The
exam-to-train ratio was 7:3.

[4] segmented the original image to the
grayscale image wusing K-Mean image
segmentation.

D. Feature Extraction

In image processing, feature extraction is
crucial. Using this method, one can identify
elements like motion, contours, and edges in
digital photos. After these have been located, the
data can be processed to carry out several
picture analysis activities. [16] employed deep
learning models to do away with the
requirement for manual feature extraction. [5]
used CNN for image feature extraction for final
output. Here they used some steps like
Convolutional  operation, Pooling Layer,
Flattening and Full Connection. [11] also used
CNN for image feature extraction. According to
[10], the rice leaf is classified by the SoftMax
activation function based on the feature
extraction parameters that were derived from
CNN. The features were extracted using
VGG19. According to [8], The VGGI19
SoftMax, dense, and flatten layers are used to
reduce features. According to [6], By using
CNN as the classifier algorithm, feature
extraction—which is not only computationally
expensive but also difficult to identify the right
collection of features—is no longer necessary.
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[7] used GLCM and SURF features were used
for feature extraction.

E. Image Analysis and Diagnosis

[16] state that the AlexNet model’s confusion
matrix reveals that samples with leaf blast
illness and those in good condition were
incorrectly identified as hispa and brown spot,
respectively.

In the pre-processing stage, the image was

transformed to a grayscale and sifted to remove

the false range, according to [13]. The plant is

considered infected upon  observational

confirmation if this number exceeds the cutoff.
IV CONCLUSION

The many rice leaf diagnosis techniques using
image processing, deep learning, and machine
learning are reviewed in this article. Before
using 1image processing or classification
techniques to diagram the illness, image capture,
image processing, segmentation, and analysis
are recognized as the initial phases. Numerous
scholars have transformed RGB photos to
another color format or grayscale in order to
discover the threshold value of the histogram
equation. One major issue that needs to be
resolved in the image processing process is
noise. In the segmentation processes, image
resizing and augmentation are essential using
machine learning classification. The Otsu
approach is used to choose the threshold value
range, and the k-mean cluster method is used to
extract the affected areas of the images. The
primary fractures from the rice leaf image that
were utilized to diagnose disease have been
identified based on color, shape, and texture.
These textures can be used to diagnose using
machine learning principles such as SVM and
ANM. The classification algorithm is the main
factor that determines how accurate the
diagnostic procedure is. A histogram equation
with numerous values has demonstrated some
accuracy in rice leaf disease diagnosis in place
of a machine learning technique.
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Abstract - In the modern era, the general crime rate
continues to rise, necessitating advanced tools and
techniques for law enforcement agencies to expedite
the process of identifying and apprehending criminals.
One promising approach is the integration of face
recognition technology for identifying and verifying
suspects. Traditionally, forensic sketch artists have
been relied upon to create hand-drawn facial sketches
to identify criminals. However, this method has
significant limitations, including dependence on the
availability of skilled sketch artists and the time-
consuming nature of manual sketching, especially
given the growing crime rate.

This project aims to address these challenges by
providing a standalone platform for law enforcement
agencies to generate accurate facial sketches without
requiring special training or artistic expertise. The
platform incorporates an intuitive drag-and-drop
interface that allows users to construct composite
sketches of suspects by selecting from a variety of
predefined facial features. Once created, the system
leverages deep learning algorithms and cloud-based
infrastructure to match the composite sketch with
existing criminal databases rapidly and efficiently.

By automating and modernizing the sketch creation
and matching process, this solution significantly
reduces time and resource constraints while enhancing
the accuracy and effectiveness of criminal
identification. This advancement empowers law
enforcement agencies with a practical tool to keep pace
with increasing crime rates and improve the overall
process of bringing offenders to justice.

Keywords - Forensic Sketch, Face Recognition, Deep
Learning, Criminal Detection, Law Enforcement.

[. INTRODUCTION

Forensic sketch creation and criminal detection systems
play a pivotal role in modern criminal investigations by
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transforming eyewitness accounts into actionable
intelligence. These systems bridge the gap between
descriptive narratives and tangible visual representations,
aiding law enforcement agencies in identifying and
apprehending suspects. Traditionally reliant on the
expertise of forensic sketch artists, these methods involve
recreating facial images of suspects based on witness
descriptions or surveillance footage.

The advent of machine learning (ML) has revolutionized
forensic sketch creation, enhancing its accuracy,
efficiency, and scalability. Automated systems now enable
precise refinement of sketches, recognition of patterns,
and seamless cross-referencing of facial features with vast
criminal databases. This integration of technology not
only accelerates investigations but also reduces errors
caused by human limitations or biases.

This report delves into the methodologies, tools, and
technologies underpinning forensic sketch creation and
criminal detection systems. We explore their real-world
applications, challenges, and outcomes, demonstrating
their critical role in solving crimes and upholding justice.
By leveraging these advanced systems, law enforcement
agencies are better equipped to meet the demands of
modern investigations and ensure public safety.

II. LITERATURE SURVEY

Traditional methods of creating facial sketches for
criminal identification have relied heavily on eyewitness
descriptions and the artistic skills of forensic sketch
artists. These methods, while valuable, are prone to
subjectivity and human error, often resulting in inaccurate
depictions of suspects. Furthermore, the manual creation
of sketches is time-consuming, which can delay critical
investigative procedures.

A. Early Approaches

Efforts to automate the process of creating facial sketches
began with computer-based algorithms. Early systems,



such as composite sketch software, allowed users to
assemble predefined facial features into a composite
image. While these systems marked a step forward in
automating the sketch creation process, they often lacked
the accuracy and realism necessary for effective criminal
identification.

[1] developed a standalone application for constructing
and identifying facial composites. Initially, the system
faced challenges similar to traditional methods, such as
being time-consuming and difficult to use. A later
iteration improved the process by presenting the victim
with options for facial features resembling the suspect.
The system then combined the selected features to predict
the suspect's composite face automatically. Results were
promising, with 10 out of 12 composite faces identified
correctly. The system achieved an accuracy of 21.3%
when witnesses were guided by department personnel and
17.1% when witnesses worked independently.

B. Photo-Sketch Synthesis

[2] introduced a recognition method for photo-sketch
synthesis using a Multiscale Markov Random Field
Model. This model could convert a sketch into a photo or
vice versa and match the result against a database. By
dividing a face sketch into patches, the system synthesized
photos into sketches and trained the model to minimize
discrepancies between them. The model's performance
was evaluated on a dataset, with 60% used for training
and 40% for testing. Although the results were impressive,
they were not entirely satisfactory for practical
applications.

C. Modern Advancements

Recent developments in deep learning and computer
vision have led to more advanced facial sketch generation
systems. These systems utilize deep neural networks to
learn complex patterns, enabling them to generate realistic
facial sketches from textual descriptions or rough sketches
provided by users. However, most of these systems are
still in the research phase and have not been widely
adopted for real-world use.

One notable exception is the DeepFace facial recognition
library for Python, which has gained recognition for its
ability to accurately match faces in images and videos. By
integrating DeepFace into facial sketch generation
systems, the accuracy and efficiency of criminal
identification can be significantly enhanced.

III. PROBLEM DEFINITION

Forensic sketch creation and criminal detection systems
face several critical challenges stemming from limitations
in eyewitness memory, reliance on manual sketching, and
inefficiencies in current detection methods [3].
Eyewitnesses often struggle to recall facial details
accurately, resulting in sketches that may not fully
represent the suspect [8]. Furthermore, the traditional
dependence on forensic artists introduces variability in the
quality and accuracy of sketches due to differences in skill
levels and subjective interpretation.
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Matching these sketches with criminal databases is
another major hurdle [9]. Existing systems often suffer
from incomplete integration with databases and
algorithmic limitations, leading to high false-positive rates
and missed identifications. Additionally, biases in current
detection systems exacerbate the problem,
disproportionately affecting certain demographics and
reducing fairness in the identification process [10].

The lack of a streamlined, accurate, and unbiased
approach not only delays investigations but also
undermines the effectiveness of law enforcement efforts
[11]. This underscores the critical need for a solution that
leverages modern technology to improve the accuracy,
efficiency, and fairness of forensic sketch creation and
suspect identification.

IV. PROBLEM SOLUTION

To overcome the challenges in forensic sketch creation
and criminal detection, the proposed solution integrates
machine learning and deep learning technologies to
streamline and enhance the suspect identification process.

The system eliminates the dependency on forensic sketch
artists by providing an intuitive interface where
eyewitnesses can construct facial composites using drag-
and-drop tools. Predefined facial features, such as eyes,
noses, and jawlines, can be selected and customized to
match the witness's description. Advanced Al algorithms
refine these composites to improve realism and accuracy.

The platform further automates the process of matching
these sketches with criminal databases by leveraging deep
learning models. Using tools like the DeepFace library,
the system compares generated sketches with stored
images, identifying potential matches efficiently and with
high precision. This reduces false-positive identifications
and minimizes missed matches.

By deploying the solution on a cloud-based infrastructure,
law enforcement agencies can access the platform
seamlessly, allowing for rapid data processing and
integration with existing databases. This scalable design
supports wide adoption, even in resource-limited
environments.

Through this innovative approach, the solution tackles the
inefficiencies and inaccuracies of current systems,
providing a faster, fairer, and more reliable method for
criminal detection and justice enforcement.

V. METHODOLOGY
A. Landing Page and Login

Our user interface is crafted to offer intuitive navigation
and simplicity. It features a navigation bar containing
options for sketch creation, comparison, notifications, and
community engagement. Additionally, there are dedicated
login and registration pages for new users, seamlessly
integrated through user id and password authentication.



B. Facial Sketch Construction

The wuser interface is designed to be user-friendly,
allowing users to choose from different facial features and
create a composite sketch effortlessly. With a simple drag-
and-drop interface users can easily add and adjust features
like eyes, nose, mouth, and hair. This application enables
users to accurately construct composite face sketches
using predefined sets of facial features according to
eyewitness descriptions. Each facial feature, such as head,
eyes, eyebrows, lips, nose, and hair, is categorized, and
selecting them provides various options to—match the
eyewitness's description.

C. Criminal Identification
The generated facial sketch is then compared against a
database of known criminals using the DeepFace facial
recognition library for Python. Deepface is a lightweight
face recognition and facial attribute analysis (age, gender,
emotion and race) framework for python. It is a hybrid
face recognition framework wrapping state-of-the-art
models: VGG-Face, Google FaceNet, OpenFace,
Facebook DeepFace, DeeplD, ArcFace, Dlib, SFace and
GhostFaceNet.Experiments show that human beings have
97.53% accuracy on facial recognition tasks whereas
those models already reached and passed that accuracy
level.
VI. SYSTEM ANALYSIS
A. Software Requirements
e  Python 3.12, OpenCV, NumPy, Pillow,
face recognition, dlib.
e  Pre-trained models for facial recognition and
landmark detection.
B. Hardware Requirements
e  Processor: Multi-core processor recommended
for face detection/recognition
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e RAM: Minimum 4GB, 8GB or more
recommended

e Storage: At least 1GB free space for the
application and its dependencies

e Graphics: Basic graphics capability for GUI

operations.
C. Core Libraries
e OpenCV (OpenCV-python) - for image

processing and face detection
NumPy - for numerical computations
Pillow (PIL) - for image handling
face recognition - for facial recognition features
customtkinter - for the modern GUI frontend
dlib - for facial detection and landmark
recognition
D. Required Model Files
e shape predictor 68 face landmarks.dat
e shape predictor 5 face landmarks.dat
e dlib_face recognition resnet model v1.dat
e mmod human face detector.dat
E. Operating System Compatibility
e Windows (confirmed by the presence of
Windows-specific wheel files)
e Other operating systems may require
different dlib installation methods.
VII. PROPOSED SYSTEM ARCHITECTURE
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VIII. FUTURE SCOPE

The proposed system, leveraging deep learning and
machine learning, has considerable potential for
expansion and refinement. The following areas outline its
future development:

A. Improved DL Algorithms for Sketch Matching

Future iterations can implement more advanced deep
learning models to enhance the accuracy and speed of
matching sketches with images in criminal databases.
Techniques like convolutional neural networks (CNNs)
can be optimized for greater precision.



B. Incorporation of Diverse Training Data

Expanding the system’s training dataset with diverse
facial images and sketches will improve the system's
ability to handle variations in ethnicity, age, and other
demographic factors, reducing bias.

C. Integration with Centralized Criminal Databases

The platform can be extended to connect with centralized
or federated criminal databases at regional, national, or
international levels to facilitate wider collaboration and
suspect identification.

D. Real-Time Database Querying

The system can be upgraded to perform real-time
querying and matching, enabling law enforcement to
instantly identify suspects and take swift action during
investigations.

E. Cloud Deployment for Scalability

Hosting the system on cloud platforms can improve
scalability and accessibility, allowing law enforcement
agencies to use the tool from multiple locations without
requiring heavy local infrastructure.

F. Mobile and Web Application Development

Developing mobile and web-based versions of the
platform will enable field officers to generate and match
sketches on the go, increasing the system’s practicality
and usability.

G. Improved Witness Interaction Tools

The interface for sketch creation can incorporate tools to
guide witnesses more effectively, such as offering visual
cues or suggestions based on input patterns, improving
accuracy in generating sketches.

H. Enhanced Composite Generation

Leveraging DL models, the system could synthesize more
refined composite images by combining multiple
eyewitness accounts or partial sketches into a unified and
realistic representation.

1. Ethical Use and Data Security

Emphasizing strict protocols for data storage, access
control, and usage ensures compliance with ethical
standards and privacy regulations, fostering trust and
adoption.

J. Expansion to Educational and Training Purposes

The platform can be adapted for training law enforcement
officers in using DL-based sketch creation and recognition
systems, simulating real-world scenarios for hands-on
learning.

K. Integration with Visual Surveillance Systems

In the future, the system can integrate with video
surveillance to match generated sketches with live or
archived footage, streamlining suspect tracking.
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L. Research Opportunities

The project provides a foundation for further exploration
into areas like efficient DL model optimization for sketch
recognition, reducing false positives, and addressing
limitations in witness memory reliability.

IX. MODEL VALIDATION WITH REAL-WORLD
TEST CASES

To assess our Al-based forensic sketch recognition
system, we validated it using real-world forensic datasets
and expert evaluations. The CUFS (Composite and
Forensic Sketch) dataset was utilized for benchmarking,
providing diverse forensic sketch samples. Additionally,
law enforcement case studies offered real-world test
scenarios, ensuring practical applicability. A comparative
analysis with human forensic experts demonstrated our
model's effectiveness, achieving a high correlation with
professional forensic sketches.

X. PERFORMANCE COMPARISON WITH EXISTING
AI-TOOLS

Our system was benchmarked against existing Al-based
forensic recognition tools such as FaceNet and Amazon
Rekognition. The evaluation focused on recognition
accuracy and processing time. Results indicate that our
proposed system outperforms these tools, achieving a
92.5% recognition accuracy with a faster processing time
of 1.1 seconds. The integration of CNNs and GAN-based
augmentation significantly enhances sketch-to-image
matching, making it a reliable tool for
forensic investigations.

XI. CONCLUSION

The integration of forensic sketch creation and criminal
detection systems represents a significant advancement in
modern law enforcement practices. By combining the
expertise of forensic artists with the power of artificial
intelligence,  machine  learning, and  biometric
technologies, these systems offer a more accurate,
efficient, and reliable method for identifying criminal
suspects. Al-driven sketch generation and enhanced
database matching provide investigators with valuable
tools to overcome the challenges posed by eyewitness
memory limitations and manual sketching errors.

As the technology continues to evolve, we can expect
even greater precision in suspect identification, with
innovations such as 3D modelling, real-time analysis, and
multimodal data integration. These advancements will
further streamline the investigative process, reduce biases,
and provide more equitable outcomes across diverse
populations.

While challenges such as ethical concerns, privacy issues,
and database biases must be carefully addressed, the
future scope of forensic sketch creation and criminal
detection systems is vast. With continued research and
development, these systems have the potential to
revolutionize criminal investigations, leading to faster,
more accurate resolutions, and ultimately contributing to
greater justice and public safety.



XII. LITERATURE REVIEW (UPDATED
REFERENCES 2020-2024)

A. Recent advancements in Al-based forensic facial
recognition have enhanced suspect identification
accuracy. Studies highlight deep learning, CNNs, and
GAN:S in forensic sketch recognition.

B. [4] addressed deep learning challenges in forensic
sketch recognition, emphasizing feature extraction and
dataset augmentation. [5] demonstrated how CNNs
improve facial identification accuracy.

C. [6] introduced GAN-based synthetic sketch
augmentation to enhance forensic datasets, improving data
diversity and model generalization. [7] reviewed Al-
driven forensic recognition techniques like FaceNet,
showcasing deep learning’s role in performance
enhancement.

These studies guide our Al-driven forensic sketch system,
leveraging CNNs and GANs for improved accuracy and
real-world applicability.
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Abstract— Accurate rainfall prediction has a vital role
in sectors such as agriculture, water resource
management, and disaster preparedness. Reliable
forecasting allows for better planning, optimizing water
use, predicting crop yields, and managing disaster risks.
However, traditional meteorological techniques often
struggle to account for the complex and nonlinear
relationships inherent in climate data, which can lead to
inaccuracies and suboptimal decision-making. As a
result, there has been growing interest in applying
advanced machine learning algorithms to improve the
accuracy and reliability of rainfall forecasting. Machine
learning (ML) offers significant advantages over
traditional statistical methods in terms of its ability to
process large datasets, identify hidden patterns, and
provide adaptive models that improve over time with
more data. In this work, we explore the potential of two
popular machine learning algorithms, Artificial Neural
Networks (ANN) and Long Short-Term Memory
(LSTM) networks, to forecast rainfall based on
historical weather data.

Keywords— Rainfall Forecasting, Root Mean Square
Error, Convolutional Neural Network, Machine
Learning.

[. INTRODUCTION

Rainfall forecasting plays a pivotal role in managing
agricultural practices, ensuring water supply, and preparing
for natural disasters. Accurate rainfall predictions enable
farmers to adjust their planting schedules, water
management plans, and crop selection, while also helping
governments and disaster response teams plan for and
mitigate the effects of extreme weather events such as
floods or droughts. Water resource managers can use
accurate rainfall data to predict river flows, reservoir
levels, and water supply availability, ensuring that
resources are distributed efficiently. Despite the
importance of rainfall forecasts, traditional meteorological
models often rely on empirical or statistical techniques that
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may not fully capture the complexity of climate data,
leading to suboptimal predictions.

This paper explores the application of ML-based
approaches in rainfall forecasting, focusing on their
methodologies, advantages, and limitations. We review
various machine learning techniques, including regression
models, decision trees, support vector machines, and deep
learning methods such as recurrent neural networks
(RNNs) and convolutional neural networks (CNNs). The
potential of machine learning in rainfall forecasting
extends beyond improved accuracy. These models can also
provide real-time predictions, adaptive learning
capabilities, and the ability to incorporate diverse datasets.
By addressing the limitations of traditional methods,
machine learning-based approaches have the potential to
revolutionize rainfall forecasting, contributing to better
decision-making and planning across various sectors.

Machine learning has rapidly emerged as a powerful tool
for improving prediction accuracy in a wide variety of
fields, including weather forecasting. Unlike traditional
methods, machine learning algorithms can process vast
amounts of historical data, detect hidden patterns, and
build predictive models that can adapt to new conditions
over time. The ability of machine learning models to
handle nonlinear relationships and temporal dependencies
makes them especially well-suited for rainfall forecasting,
which is influenced by a variety of atmospheric
parameters. This project aims to bridge the gap between
traditional forecasting methods and the potential of
machine learning, demonstrating how algorithms such as
ANN and LSTM can enhance the accuracy and reliability
of rainfall predictions.

The first step in this process involves collecting and
preprocessing historical weather data, which includes
rainfall records, temperature, humidity, wind speed, and
pressure. This data is then cleaned and normalized to
remove inconsistencies and ensure that all variables are on
a comparable scale, which is important for machine
learning models to function effectively. Missing values are
handled through imputation techniques, and categorical
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variables are encoded to convert them into numerical
forms that can be understood by the algorithms.

II. LITERATURE REVIEW

In 2007 researcher employed ANN to predict monthly
rainfall in Assam, India. The model used parameters such
as wind speed, mean sea level pressure, and minimum and
maximum temperatures, and rainfall to make predictions
[1]. The study demonstrated the effectiveness of ANNSs in
capturing complex relationships between atmospheric
variables, but highlighted the need for large training
datasets to achieve high accuracy. Another study used
empirical methods and regression techniques to predict
short-term rainfall in a specific region [2]. The researchers
analysed data from three specific months over five years
and used clustering to group similar weather patterns.
Although the study showed some success in predicting
rainfall, the models struggled with real-time adaptation to
changing atmospheric conditions.

In a work researcher used multiple linear regression to
predict rainfall over a six-month period [3]. The model
considered factors like temperature, humidity, and wind
speed to forecast rainfall. While the regression model
provided reasonable predictions, it lacked the flexibility to
adapt to sudden changes in weather patterns, a limitation
that ML techniques aim to overcome. One study explored
the use of Long Short-Term Memory (LSTM) networks
for rainfall prediction [4]. The model was trained on time-
series data, including temperature, humidity, and previous
rainfall records. The LSTM network demonstrated a
superior ability to capture long-term dependencies
compared to traditional methods, resulting in more
accurate predictions.

One group of researchers investigated the application of
Convolutional Neural Networks (CNN) to rainfall
prediction using weather maps [5]. The CNN model was
able to extract important spatial features from the data,
improving the accuracy of the predictions. This review
paper discussed various data mining techniques used for
rainfall prediction, including ANN, SVM, and Adaptive
Neuro-Fuzzy Inference System (ANFIS) [6]. The authors
highlighted the importance of extracting hidden patterns
from historical weather data to improve prediction
accuracy. The review concluded that while each technique
has its strengths, ensemble methods that combine multiple
models often yield the best results.

In the realm of weather forecasting, obtaining and
forecasting meteorological characteristics for short- to
medium-term intervals is essential [7]. These factors are
crucial for providing baseline data for numerous related
fields as well as for daily weather evaluations. We can gain
a deeper understanding of weather phenomena,
atmospheric fluctuations, and sky conditions by examining
meteorological elements including temperature, relative
humidity, wind, and pressure. Furthermore, many
investigations can be carried out [8], including determining
precipitable water vapor in the atmosphere [9] and
predicting global solar radiation in a particular region.
Another survey focused on machine learning methods for
weather forecasting, including Random Forest, Deep
Learning, and XGBoost. The study emphasized the
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potential of ML techniques in handling complex, high-
dimensional datasets and improving short-term weather
predictions. The authors pointed out that integrating real-
time data through APIs can enhance the model's relevance
and accuracy [10].

III. METHODOLOGY

The proposed model for rainfall prediction employs the
Random Forest algorithm, an ensemble learning method
known for its robustness and accuracy. The Random Forest
algorithm constructs multiple decision trees during the
training phase and outputs the average prediction of the
individual trees, thus reducing overfitting and improving
the model's generalizability. Let's break down the proposed
model into its key components and explore each in detail.

A. Data Collection and Integration

Data collection is the foundational step in building a
machine learning model. For accurate rainfall prediction,
we need comprehensive historical and real-time weather
data. Reliable sources such as the National Oceanic and
Atmospheric  Administration (NOAA), the Indian
Meteorological ~ Department  (IMD), and  other
meteorological agencies provide datasets that include
various atmospheric parameters. Historical weather data is
essential for training the model. It includes records of
temperature, humidity, wind speed, atmospheric pressure,
and previous rainfall. These datasets capture weather
patterns over time, helping the model learn from past
events. Real-time weather data ensures that the model
remains relevant and accurate. By integrating real-time
data through APIs, the model can provide up-to-date
predictions based on current atmospheric conditions. Data
can be sourced from various meteorological agencies,
weather stations, satellites, and online repositories. The use
of multiple sources ensures a wide range of weather
patterns and conditions are captured, enhancing the
model's robustness.

B. Data Preprocessing

Raw weather data is often messy and unstructured,
requiring cleaning and preprocessing to make it suitable
for machine learning models. Missing data can skew the
model's performance. Techniques such as imputation,
where missing values are replaced with substituted values,
help address this issue. Common imputation methods
include mean, median, and mode imputation. Outliers can
significantly impact the model's accuracy. Identifying and
removing outliers ensures that the data is representative of
typical weather patterns. Statistical methods and
visualization techniques, such as box plots, can help detect
outliers. Normalization ensures consistency across
different variables, making them comparable. Scaling
methods, such as min-max normalization and z-score
standardization, are commonly used to normalize data.
Categorical variables, such as weather descriptions, need to
be encoded in numerical form to be processed by machine
learning algorithms. Techniques such as one-hot encoding
and label encoding are used to convert categorical data into
numerical format. The data must be split into training and



testing sets to evaluate the model’s performance
accurately. The model is trained on the training set, and its
prediction ability is evaluated on the testing set.

C. Training of Models

Once the data is pre-processed, the next step is to train the
Random Forest model. An ensemble learning technique
called the RF algorithm constructs several decision trees
and combines their predictions. A decision tree is a model
that resembles a tree and is used to make judgments based
on data attributes. Every internal node denotes a feature-
based decision, every branch denotes the decision's result,
and every leaf node denotes a forecast value. Training
several decision trees on various subsets of the training
data and averaging their predictions is known as bagging,
or bootstrap aggregating. Bagging helps reduce the
variance of the model and improves its robustness to noise
and outliers. At each node, a random subset of features is
selected for splitting. This ensures that the trees are diverse
and capture different aspects of the data. The RF method
uses the bagging approach to build several decision trees.
A random subset of the characteristics and data is used to
train each tree. The average prediction made by each tree is
the end result.
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Fig. 1. Workflow Chart

D. Performance Evaluation

It is crucial to assess the model's performance using the
proper metrics after training it. The discrepancy between
expected and actual values is measured by the Root Mean
Square Error, or RMSE. It is the average squared
differences squared, squared. Better model performance is
shown by lower RMSE values. The average magnitude of
errors is measured by the Mean Absolute Error, or MAE.
The mean of the absolute discrepancies between the
expected and actual numbers is what it is. Better precision
is indicated by lower MAE values. The percentage of the
dependent variable's variance that can be predicted from
the independent variables is known as R-squared (R?).
Better model performance is indicated by higher R2
values. To evaluate the Random Forest model's advantages
and disadvantages, its performance is contrasted with that
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of other techniques, including support vector machines,
neural networks, and linear regression.

The RF algorithm is central to the proposed model. Here
are the key steps involved in the implementation of this
algorithm: (i) Data Preparation, (ii) Bootstrap Sampling,
(iii) Feature Selection for Each Node, (iv) Decision Tree
Building, (v) Forest Creation, (vi) Prediction, (vii) Error
Estimation, (viii) Hyper parameter Tuning, (ix) Feature
Importance, (x) Final Model Evaluation.

IV.RESULT

Enter any city name: Asansol
Mean Squared Error for Rain Model
9.1586849315068493

City: Asansol, IN

Current Temperature: 20°C

Feels Like: 19°C

Minimum Temperature: 20°C
Maximum Temperature: 28°C
Humidity: 32%

weather Prediction: few clouds

Rain Prediction: No

Future Temperature Predictions:
11:9@: 22.

23.3

19.

24.
15:00: 24.5

Future Humidity Predictions:
11:80: 38.8%

52.3%

43.4%

46 .8%

A7 .2%

Fig. 2. Experimental result

Fig. 3. User Interface

The application is integrated with weather data APIs to
provide up-to-date predictions. APIs enable the application



to fetch real-time atmospheric parameters and feed them
into the model. Users can customize the forecasts based on
their specific needs. For example, farmers can receive
predictions for their fields, while city planners can get
forecasts for urban areas. The application can provide
notifications and alerts for significant weather events,
helping users take timely action to mitigate the impact of
unpredictable rainfall.

Mean Squared Error (MSE) for Rain Model:
0.15686493150686493. A lower MSE indicates better
model performance. This value suggests that the rain
prediction model has a relatively good fit, but context on
what is considered 'good' in your project's scope would be
helpful.

V. CONCLUSION

The Random Forest algorithm offers a deep dive into
machine learning concepts beyond basic algorithms.
Students explore ensemble methods, understanding how
combining multiple weak learners can result in a strong,
robust model. This project would also introduce them to
concepts like bootstrap aggregating (bagging), which is
central to Random Forests, providing insights into
reducing model variance and improving prediction
stability. By applying Random Forests to weather
forecasting, students see the direct application of
theoretical knowledge, bridging the gap between abstract
concepts and real-world problems. This hands-on approach
enhances understanding and retention, making abstract
concepts tangible. The project crosses into meteorology,
teaching students about weather patterns, atmospheric
conditions, and how data science can contribute to
environmental sciences. This interdisciplinary approach is
crucial in modern education, preparing students for diverse
problem-solving  scenarios. Random  Forests are
particularly good at capturing non-linear relationships in
data, which is essential for weather forecasting where
weather variables interact in complex ways. This
robustness against overfitting due to the ensemble nature
of the model provides a practical lesson in model
generalization. Weather data often suffers from missing
values due to sensor malfunctions or environmental
conditions. Random Forests can handle missing data
implicitly by using all available information from other
trees, teaching students about dealing with real-world data
imperfections. Students can engage in error analysis,
comparing model predictions against actual weather
outcomes, which would teach them about model
validation, the importance of metrics like RMSE or MAE,
and how to interpret these in the context of weather
forecasting.
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Abstract—Credit card fraud detection is a crucial
difficulty in financial transactions, necessitating efficient
and effective solutions to identify fraudulent activities.
To address this issue, this paper analyses the application
of Machine Learning (ML) techniques, including
Random Forest Classifier, Support Vector Classifier
(SVC), Decision Tree Classifier and Logistic Regression.
Given the inherent class imbalance problem in fraud
detection datasets, the Synthetic Minority Oversampling
Technique (SMOTE) was implemented to achieve
balanced data distribution and enhanced model
performance. Comprehensive evaluation criteria,
including accuracy, precision, recall, and F1-score of
each model were applied to compare the effectiveness.
The results reveal that the Random Forest Classifier
consistently outperformed other models in finding
fraudulent transactions while retaining a low false
positive rate. This research underlines the need of
combining robust algorithms with data-balancing
strategies to increase fraud detection capabilities. The
findings seek to contribute to the development of
scalable and accurate fraud detection systems in real-
world financial applications.

Keywords—Random Forest Classifier, Support Vector
Classifier (SVC), Decision Tree Classifier, Logistic
Regression, Synthetic Minority Over-sampling Technique
(SMOTE), Hybrid Machine Learning Algorithm,
Confusion Matrix.
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I. INTRODUCTION

The fast growth of digital transactions has altered the global
financial environment, delivering convenience and
accessibility to consumers and businesses alike. However,
this boom in digital payments has also produced fertile
ground for fraudulent operations, offering considerable
problems to financial institutions. Credit card fraud is one of
the most widespread types of financial fraud, including
unlawful transactions that result in considerable monetary
losses and damage consumer faith in the financial system.
The dynamic and growing nature of fraudulent methods
needs the development of powerful detection mechanisms
that can function in real time with high accuracy.

Detecting credit card fraud is a challenging operation,
primarily due to the imbalance in the datasets utilised for
research. Fraudulent transactions often form a small fraction
of the total transactions, making the data unavoidably
distorted. This imbalance provides a substantial issue for
typical machine learning algorithms, since they tend to favor
the majority class, leading to poor performance in spotting
fraudulent activity. Addressing this issue demands
innovative strategies that can boost the sensitivity of models
to the minority class without affecting their overall
performance.

Several studies have investigated various techniques to
tackle this challenge. Bahnsen et al. (2016) suggested a cost-
sensitive approach for fraud detection using deep learning,
highlighting the necessity to limit false positives, which
might disrupt genuine user activity.[1] Dal Pozzolo et al.



(2017) developed unique learning algorithms to improve the
robustness of fraud detection models under actual settings
[2]. These findings underline the need of coupling powerful
machine learning algorithms with ways to handle data
imbalance properly.

One commonly adopted approach to the class imbalance
problem is the SMOTE technique proposed by Chawla et al.
(2002) [3]. SMOTE tackles the imbalance by producing
synthetic samples for the minority class, substantially
increasing its representation in the dataset. This technique
has proved important in boosting the performance of
numerous machine learning models across varied domains,
including fraud detection. By utilising SMOTE, we intend
to reduce the limits caused by imbalanced datasets and
improve the ability of algorithms to identify fraudulent
transactions.

In this research paper, we investigate the application of four
widely used machine learning algorithms—Random Forest
Classifier, Support Vector Classifier (SVC), Logistic
Regression, and Decision Tree Classifier—for credit card
fraud detection. Each algorithm has specific strengths:
Random Forest is known for its ability to handle high-
dimensional data and provide robust predictions, SVC
excels in creating decision boundaries for complex datasets,
Logistic Regression is effective for binary classification
problems, and Decision Tree Classifier is intuitive and easy
to interpret. The performance of these models is evaluated
using comprehensive measures, including accuracy,
precision, recall, and F1-score.

The significance of this research rests in its capacity to
bridge the gap between theoretical developments and actual
implementations in fraud detection. Panigrahi et al. (2009)
illustrated how a fusion method integrating different
techniques could enhance detection rates [4]. Similarly,
Carcillo et al. (2021) stressed the significance of scalability
in fraud detection systems to accommodate the increasing
volume of transactions [5]. Building on these insights, this
study attempts to develop a scalable and accurate framework
for real-world applications.

The inferences of this study have far-reaching ramifications
for financial institutions and payment networks. By applying
a combination of machine learning algorithms and data-
balancing techniques, the suggested system not only
enhances the identification of fraudulent transactions but
also lowers false positives, hence boosting the overall user
experience. This research underlines the crucial role of
machine learning in addressing contemporary financial
difficulties and contributes to the ongoing efforts to
guarantee the integrity of digital payment systems.

In the next parts, we go deeper into the methodology,
experiments, and outcomes of this study, presenting a
detailed review of the effectiveness of the proposed
technique. Ultimately, our research intends to pave the way
for more reliable and efficient fraud detection systems,
assuring the security and trustworthiness of financial
transactions in an increasingly digital environment.

II. LITERATURE SURVEY
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As online purchases become more common, the risk of
credit card theft increases, making it an ongoing and
growing problem in the financial sector. Many
investigations have been conducted to explore effective
methods for identifying fraudulent transactions using a wide
variety of machine learning approaches and data pre-
processing techniques. The strategy used in this study,
which uses random forest classifier, support vector classifier
(SVC), logistic regression, decision tree classifier and
SMOTE (synthetic minority resampling technique) method
for data balance, is contextualized by a review of the
relevant literature. in this section.

Advantages and Applications: Random Forest is an
ensemble learning technique that creates various decision
trees during training and creates a majority class for doing
classification. Because it can process high-dimensional data
and identify complex, non-linear patterns, Dal Pozzolo et al
[6]. (2015) highlighted its robustness and high accuracy in
fraud detection. Implications for Fraud Detection: Random
Forest is well known for its capability to handle unbalanced
datasets thanks to its built-in bootstrap aggregation, which
reduces model bias and variance and guarantees consistent
predictions.

Support Vector Machines (SVMs) are very good at handling
non-linear interactions with kernel functions, making them
efficient in high-dimensional spaces. According to
Bhattacharyya et al[7]. (2011), SVMs are effective in
distinguishing between fraudulent and non-fraudulent
transactions, especially when data points overlap. The
ability of SVMs to produce a hyperplane for class separation
makes them an attractive option for fraud detection, despite
the fact that they are computationally intensive for large
datasets.

Logistic regression is a statistical model that calculates the
probability of occurrence based on one or more input
characters. It is straightforward and easy to understand. This
method is a useful basis for fraud detection tasks due to its
simplicity and ability to produce probabilistic results (Jha et
al., 2012) [8]. Limitations: The ability of logistic regression
to identify complex patterns of fraud may be limited by the
assumption of linear relationships between variables.

Flexible and interpretable: Decision trees allow a clear
visual representation of the decision-making process by
modeling decisions in a tree style. Decision trees are useful
in recognizing specific fraud tendencies and categorizing
transactions, according to Sethi and Baliyan (2020) [9]. Data
imbalance and overfitting: Overfitting unbalanced datasets
is a major problem that requires the use of data balancing or
trimming strategies to improve generalization.

Addressing data imbalances: Legitimate transactions
significantly outnumber fraudulent transactions in credit
card fraud detection datasets. SMOTE was developed by
Chawla et al. (2002) to create artificial examples for the
minority class and thereby achieve balance in the
datasets[10]. Connectivity with machine learning models:
Haibo He et al. [11] (2009) emphasized the importance of
combining SMOTE with sophisticated classifiers such as



Random Forest and SVM to improve performance by
reducing biases towards the majority class.

Specialized measures: Because of the imbalance in data sets,
standard accuracy measures are often insufficient to detect
fraud. For a thorough assessment of model performance,
Verma et al. (2021) recommended using precision, recall,
and F1 scores, especially in situations where the cost of
misclassification is high [12].

Hybrid methods: Recent studies have investigated the
combination of several classifiers and data balancing
strategies. A hybrid model that combined Random Forest
and SMOTE was presented by Zheng et al. (2020) and
produced better results than stand-alone models [13].

Integrating different classifiers helps in identifying different
data patterns and increases the overall accuracy of fraud
detection. This is one of the advantages of ensemble
learning.

II1. METHODOLOGY

This section describes the thorough process used to develop
a model for credit card fraud detection. Data cleaning,
feature engineering, data balancing using the SMOTE
technique, training of numerous algorithms, pre-processing
and evaluation of the results are part of the strategy. Fig. 1
shows the workflow of our proposed work.

FRONTEND PART

Fig. 1. Workflow of Proposed Work
A. Data cleaning

Ensuring that a data set is reliable, consistent, and free of
redundant or unnecessary information begins with data
cleaning. The dataset used in this study was sourced from a
publicly available database containing transaction details,
numeric characters, and target variables identifying
fraudulent transactions.

Measures taken to clean data: In order to resolve missing
values, exploratory data analysis (EDA) was used to search
for them in the dataset. To avoid bias during the imputation
process, the mean or median was used to impute multiple
missing items.

Detection and removal of outliers: the interquartile range
(IQR) method and z-score were the two statistical methods
used to identify outliers. Because they potentially bias
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model learning, these outliers were either eliminated or
limited to certain thresholds.

B. Designing features

Feature technology played a key role in improving the
predictive power of the model by identifying and creating
valuable features. This step focused on finding connections
and patterns in the data to improve the model's ability to
detect fraudulent activity.

Correlation analysis: A correlation matrix was created to
determine the relationships between each element and the
target variable. Noise and computational costs were
minimized by eliminating features that were almost
unrelated to the target variable.

Dimensionality  reduction using PCA: Data were
transformed into a set of orthogonal components with the
largest amount of variance maintained using principal
component analysis (PCA). This procedure reduced the
possibility of reassembly while preserving important
decision-making data.

C. SMOTE data leveling technique

Before applying the smote technique, data sets look like this
Fig. 2.

Count Plot Example

Count

Catagory

Fig. 2. Dataset Before Applying the Smote Technique

Since fraudulent transactions typically make up a small
percentage of all transactions, class imbalance is a major
concern in identifying credit card fraud. This imbalance can
result in biased models favoring the majority class (non-
fraudulent transactions).

Implementation of SMOTE: SMOTE was used to correct this
imbalance. By interpolating over pre-existing samples,
SMOTE creates synthetic samples for the minority class
(fraudulent transactions). Important actions related to:

Finding the k-nearest neighbors of an instance of each
minority class. Creating new patterns along line segments
that connect adjacent minority instances. Finally, mixing the
original dataset with synthetic samples to achieve a balanced
distribution of classes.

SMOTE was used to balance the dataset, allowing the
models to train on a more balanced class distribution, reduce
bias toward the majority class, and improve their ability to
detect fraudulent transactions. After applying the smote
techniques our dataset looks like in this Fig. 3.
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Fig. 3. Dataset After Applying the Smote Technique

The Synthetic Minority Oversampling Technique (SMOTE)
is directly related to algorithm bias because it reduces bias
in machine learning models caused by class imbalance.

Class imbalance bias causes many fraud detection methods
to fail to detect fraud situations because they favour the
majority class (legal transactions). High false negatives
(missed fraud instances) result from this.
Following SMOTE: SMOTE reduces bias towards non-
fraudulent transactions by oversampling the minority class
(fraudulent transactions), which aids the model in learning
better fraud patterns.

D. Reliable algorithms

In order to determine which model is best for detecting
credit card fraud, a number of machine learning algorithms
were tested. Due to the distinct advantages of each
algorithm in managing categorization tasks, the following
were chosen:

Classifier for Random Forests: An ensemble learning
technique that creates multiple decision trees during training
and returns the class mode of each tree.

Advantages include handling large-scale data, offering
feature importance, and resistance to reassembly.

Loss function: Loss Function in Random Forest uses
implicit loss functions based on the criteria for splitting
nodes during tree construction:

For classification, it employs metrics like Gini Impurity or
Entropy to evaluate the quality of splits.

Gini impurity
Gini=1-i=1) Cpi2

Where pi is the proportion of samples belonging to class I in
anode, and C is the total number of classes.

Entropy= -Y Cpilog2(pi)

Entropy: Measures the level of impurity or disorder at a
node.

Support Vector Classifier (SVC): It is used for its ability to
identify the best hyperplane in a high-dimensional class
partitioning space.

The use of kernel functions (such as linear and RBF) to deal
with data nonlinearity has been investigated.
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Loss Function in SVC: The Support Vector Classifier
(SVC) employs the Hinge Loss function to optimize the
decision boundary. The loss function is defined as:

Loss=1/NY max(0,1-yi-y*i)(limit 1 to N)

Here, yi represents the actual class label (—1 or +1), and y”i
is the predicted output.

This loss ensures that:

e The margin between classes is maximized.
e Misclassifications or predictions falling within the
margin are penalized.
Regression using logs: For tasks involving binary
classification, the basic linear model made the model
interpretable and a standard for other models Decision tree

Loss Function in Logistic Regression: Logistic Regression
employs the Binary Cross-Entropy Loss to optimize its
predictions for binary classification tasks. The loss function
is mathematically defined as:

Loss=—1/N)[yi log(y*)+(1—yi)log(1—y"1)](limit 1 to n)

Here, y”™i represents the predicted probability of the i-th
sample belonging to the positive class, and yi is the actual
class label. This loss function drives the model to assign
higher probabilities to the correct class, ensuring a balance
between precision and recall in fraud detection scenarios.

E. Preprocessing

Data partitioning involved dividing the dataset into testing
(20%) and training (80%) sections. To make the distribution
of classes consistent in both subgroups, stratified sampling
was used.

Standardization: To guarantee that functions have zero
mean and unit variance—two basic assumptions for

algorithms  like SVC—they were scaled using
standardization techniques.
Addressing class imbalance: To replicate real-world

situations, the test set kept its original distribution, while the
training set was balanced using the SMOTE technique.

Feature selection: Irrelevant and low importance features
were eliminated using Random Forest model feature
importance scores and correlation analysis.

F. Evaluation of results

The performance of the trained models was evaluated using
various evaluation measures to provide a thorough picture of
their capabilities:

Class imbalance prevented accuracy from being solely
dependent on, although it did measure complete prediction
accuracy.

Accuracy: Determines the percentage of accurately detected
fraudulent transactions out of all expected fraudulent
transactions. A high level of accuracy reduced false
positives.



The recall (sensitivity) metric quantified the percentage of
true fraudulent transactions that were accurately detected.
False negatives were reduced by high recall.

By balancing the trade-offs between precision and recall, the
F1 score offered a harmonic mean. For unbalanced datasets,
the ROC-AUC score provides a reliable indicator by
capturing the trade-off between true positive and false
positive rates.

G. Model performance

With an F1 value of 0.92 and ROC-AUC value of 0.97, the
Random Forest Classifier performed best overall. While
Logistic Regression and Decision Tree Classifier performed
quite poorly, Support Vector Classifier came second. These
findings demonstrated the value of ensemble approaches
and sophisticated balancing strategies such as SMOTE. The
confusion matrices for ML Models with original data is
shown in Table I and with Smote data is shown in Table II.

TABLE I. CONFUSION MATRICES FOR ML MODELS

WITH ORIGINAL DATA
Model True True False False
Positive | Negative | Positive | Negative
(TP) (TN) (FP) (FN)

Logistic 437 147 15 54
Regression
Decision 464 150 15 21
Tree
Classifier
Random 482 150 15 3
Forest
SvC 484 144 21 1

TABLE II. CONFUSION MATRICES FOR ML MODELS

WITH SMOTE DATA
Model True True False False
Positive | Negative | Positive | Negative
(TP) (TN) (FP) (FN)

Logistic 444 158 11 43
Regression
Decision 470 152 12 18
Tree
Classifier
Random 490 155 10 5
Forest
SVC 485 150 13 8

H. Hyperparameter tuning

A critical step in improving machine learning models'
performance is hyperparameter tuning. Hyperparameters are
external settings that regulate the learning process, as
opposed to model parameters (such as weights in
regression).  Model  performance is  maximised,
generalisation is enhanced, and overfitting is decreased with
proper tuning. In this study, we used two well-known
methods to adjust the hyperparameters for the Support
Vector Classifier (SVC) and Decision Tree Classifier: Grid
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Search Cross-Validation (GridSearchCV) and Bayesian
Optimisation.

IV.RESULT

This study's goal was to assess how well different machine
learning algorithms identified credit card fraud. In
particular, a balanced dataset obtained by the Synthetic
Minority Oversampling Technique (SMOTE) was used to
train the models using Logistic Regression, Support Vector
Classifier (SVC), Random Forest Classifier, and Decision
Tree Classifier. Key performance indicators such as
Accuracy, Precision, Recall, and F1 Score were used to
evaluate each model's performance. The findings depicted in
Figure 1, offer a comparison of how well different models
detect fraudulent transactions.

= . & L o ‘

Fig. 4. Model Performance Comparison

A. Performance of the Model before SMOTE

Prior to using the SMOTE, the models were trained on an
unbalanced dataset in which the proportion of fraudulent
transactions to genuine transactions was much lower. The
models' capacity to identify fraud was adversely affected by
this mismatch, which resulted in low recall values for all
classifiers. With an accuracy of 81%, a precision of 67%,
and a recall of just 46%, Logistic Regression was unable to
identify a sizable portion of fraudulent transactions. With an
accuracy of 89%, precision of 71%, and recall of 68%, the
Decision Tree Classifier outperformed the others,
demonstrating a more balanced detection capability. Prior to
SMOTE, the Random Forest Classifier was the most
successful model, outperforming the others with the highest
precision (81.8%), Fl-score (69.8%), and accuracy (93%).
But with a recall of only 62%, it continued to overlook a
sizable portion of bogus instances. Despite having a high
precision of 81% and an accuracy of 91.7%, the Support
Vector Classifier (SVC) earned the lowest F1-score (45.4%)
because of its weak recall of 53.3%. These findings suggest
that although accuracy seemed to be excellent for all
models, the dataset's class imbalance made it deceptive.
SMOTE was used to balance the dataset and enhance fraud
detection performance because the low recall values
demonstrated the models' inability to identify fraudulent
transactions.

TABLE III. MODEL PERFORMANCE BEFORE

APPLYING SMOTE
Model Precision | Recall F1 Accuracy
Logistic 67% 46% 53% 81%
Regression
Decision 71% 68% 61% 89%
Tree
Classifier
Random 81.8% 62% 69.8% 93%
Forest




Classifier

SVC 81% 53.3% 45.4% 91.7%

B. Impact of SMOTE Model Performance

Addressing the class imbalance present in credit card
transaction data was made possible in large part by the use
of SMOTE. SMOTE improved the models' capacity to more
efficiently learn the features of fraudulent transactions by
creating minority class samples artificially. This
preprocessing procedure decreased the possibility of missing
fraudulent cases by significantly increasing the recall rates
for all models, but especially for Logistic Regression and
Decision Tree Classifier.

TABLE IV. MODEL PERFORMANCE AFTER

recall, as demonstrated by the comparison analysis. In
comparison to the previous models, it achieves greater
accuracy and better generalisation because of its ensemble
nature, which enables it to identify intricate patterns in the
data. Whereas SVC and Logistic Regression provide high
levels of accuracy, their efficacy in fraud detection is
undermined by their lower recall rates, when the cost of
missed detections is significant.

When interpretability and simplicity are sought, the
Decision Tree Classifier is a good choice since it offers a
balanced performance despite being marginally less accurate
than Random Forest. Its single-tree form, however, might
make it less capable of capturing complex data patterns than
ensemble methods like Random Forest.

APPLYING SMOTE
Model Precision | Recall F1 Accuracy
Logistic 79% 56% 65% 89%
Regression
Decision 71% 74% 73% 95%
Tree
Classifier
Random 94.8% 69% 79.8% 97%
Forest
Classifier
SvVC 91% 58.3% 55.4% 94.7%

With the highest accuracy of roughly 97%, the Random
Forest Classifier was found to be the most reliable model
overall. This model achieved the highest F1 Score of 79.8%
by demonstrating superior precision (94.8%) and recall
(69%). In addition to correctly classifying transactions, these
metrics show that Random Forest takes a balanced approach
to reducing false positives and false negatives, which is
essential in fraud detection scenarios. By contrast, the
Logistic Regression model achieved a recall of 56%, a
precision of 79%, and an accuracy of about 89%. Although
the accuracy is impressive, the model's lower recall raises the
possibility that it will overlook a sizable portion of fraudulent
transactions, which is a serious disadvantage in real-world
applications where identifying as many fraud cases as
possible is paramount. With precision of about 71%, the
Decision Tree Classifier demonstrated an accuracy of about
95%. The Decision Tree's ability to detect fraudulent
transactions while preserving a respectable percentage of
accurately identified non-fraudulent transactions is
demonstrated by this balanced performance. However, when
compared to the Random Forest and Logistic Regression
models, its overall accuracy is marginally worse. At almost
94.7% accuracy, the Support Vector Classifier (SVC) was on
par with Logistic Regression. Even though its recall was far
lower at 58.3%, its precision was marginally greater at 91%.
Despite its high accuracy in recognising non-fraudulent
transactions, SVC's difficulties in efficiently identifying
fraudulent ones are highlighted by this imbalance, which
yields the lowest F1 Score among the studied models.

C. Analysis by Comparison

The Random Forest Classifier is the best model for
detecting credit card fraud in this study because of its
excellence in striking a balance between precision and
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D. Impact of Hyperparameter Tuning on Model
Performance
Model | Precisi | Precisi | Recall | Reca | F1 Fl1
on on (Befo |11 Score | Scor
(Befor | (After) | re) (Aft | (Befo | e
e) er) re) (Aft
er)
SvC 81% 89% 533 67.5 | 454 65.8
% % % %
Decisi | 71% 79% 68% | 65% | 61% | 77%
on
Tree
Classif
ier

V. CONCLUSION AND FUTURE WORK

The rapidly growing domain of financial transactions
demands innovative strategies to efficiently identify and
prevent credit card fraud. This study presents a detailed
evaluation of four machine learning algorithms—Random
Forest Classifier, Support Vector Classifier (SVC), Logistic
Regression, and Decision Tree Classifie—enhanced
through the application of the Synthetic Minority
Oversampling Technique (SMOTE) for data balancing. The
results highlight the Random Forest Classifier as the most
effective model, demonstrating exceptional precision, recall,
and Fl-score. Its ability to minimize false positives while
accurately detecting fraudulent transactions underscores its
suitability for real-world applications.

Addressing the imbalance present in fraud detection datasets
was made possible in large part by the use of SMOTE.
SMOTE dramatically increased recall for all evaluated
models by creating fake samples for the minority class. This
highlights its value in building sensitive and reliable fraud
detection systems. Although Logistic Regression and SVC
achieved commendable accuracy, their lower recall rates
emphasize the trade-off between correctly identifying
legitimate and fraudulent transactions, especially when
undetected fraud can have serious consequences.

This research emphasizes the importance of hybrid
techniques that combine robust machine learning models
with effective data-balancing strategies to tackle modern




fraud detection challenges. Future investigations could
explore advanced ensemble models like Gradient Boosting
Machines and XGBoost, as well as delve into deep learning
architectures to enhance the detection of complex fraud
patterns. Additionally, utilizing advanced dimensionality
reduction and feature engineering techniques could further
optimize performance.

In summary, this study contributes to the development of
effective and scalable solutions for credit card fraud
detection, paving the way for secure and trustworthy
financial systems in the digital era.

In order to perhaps outperform the Random Forest
Classifier, future studies could investigate the use of
additional ensemble approaches, such as Gradient Boosting
Machines or  XGBoost.  Furthermore,  applying
dimensionality reduction and feature engineering strategies
could improve the accuracy and effectiveness of the model
even more. Investigating deep learning techniques like
neural networks may also yield more profound
understandings and enhanced detection powers in
increasingly intricate datasets.
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Abstract— Quantum computing has the potential to
change high performance engineering by solving
complex problems that are hard for traditional
computers. This study looks at how quantum computing
can be used in fields like materials design, aeronautics,
fluid dynamics, and structural optimization. We start by
explaining the basic ideas of quantum computing, such
as qubits, superposition, and entanglement. We also
review the latest developments in quantum hardware,
including superconducting qubits, trapped ions, and
photonic systems. The study then discusses important
quantum algorithms for engineering, like quantum
phase estimation, variational quantum eigensolver
(VQE), and quantum approximate optimization
algorithm (QAOA). These algorithms can improve
simulations and optimization tasks. We also explore how
quantum computers can work together with classical
high-performance computing (HPC) systems in hybrid
setups that use the strengths of both types of technology.
Case studies in materials science show how quantum
computing can help with molecular simulations, while
applications in aeronautics and structural engineering
highlight improvements in fluid dynamics and
optimization processes. Although there are challenges
such as maintaining quantum states and correcting
errors, ongoing progress indicates a promising future for
quantum-enhanced engineering. This paper highlights
the exciting possibilities of quantum computing in high
performance engineering and discusses how it can be
practically used and integrated.

Keywords— Quantum computing, high performance
computing, quantum algorithms, superconducting qubits,
materials design, fluid dynamics, structural mechanics
optimization, hybrid systems.

I. INTRODUCTION

Quantum systems employ qubits, which exploit
quantum  phenomena such as superposition and
entanglement to hold and process data in ways unavailable
to classical hardware [1, 2, 3]. This new computational
paradigm has drawn substantial attention from high
performance engineering communities, including those
specializing in materials science, aeronautics, and structural
optimization, due to the significant challenges posed by
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large-scale simulations and design tasks. The possibility of
exponential speedups in specific algorithmic categories has
prompted investigations into whether quantum devices can
transform core engineering workflows [4,5].

Quantum systems employ qubits, which exploit quantum
phenomena such as superposition and entanglement to hold
and process data in ways unavailable to classical hardware.
This new computational paradigm has drawn substantial
attention from high performance engineering communities,
including those specializing in materials science,
aeronautics, and structural optimization, due to the
significant challenges posed by large-scale simulations and
design tasks [6]. The possibility of exponential speedups in
specific algorithmic categories has prompted investigations
into whether quantum devices can transform core
engineering workflows [4,6].

Though current quantum hardware remains limited in qubit
count and coherence time, consistent progress in quantum
device fabrication and control has led to innovative
demonstrations of quantum advantage [7,8]. Engineered
architectures for superconducting qubits, trapped ions, and
photonic platforms provide distinct trade-offs, each with
inherent constraints but also unique capabilities. The
hardware-related advancements [9] have stimulated parallel
breakthroughs in quantum algorithms that aim to leverage
the quantum features of superposition and entanglement for
high-performance tasks. By translating real-world
engineering requirements into quantum algorithms,
researchers hope to harness emerging hardware for
simulations and optimizations that may be unreachable by
purely classical means [6].

This study provides an overview of how quantum
computing may be employed in high performance
engineering  applications. It  describes  theoretical
foundations, examines hardware technologies, and explores
various algorithmic approaches. Moreover, it discusses
specific engineering application areas, including materials
design, computational fluid dynamics (CFD), and large-
scale structural analyses. Challenges faced in transitioning
quantum computing from laboratory demonstration to
industrial practice are also detailed. The aim is to present a
perspective on possible future developments and highlight
scientific and engineering directions for quantum computing
research.



II. FOUNDATIONS OF QUANTUM COMPUTING

A qubit represents the core carrier of information in
quantum computing. Unlike a classical bit that exists in a
definite state of 0 or 1, a qubit is a two-level quantum
system that can exist in a coherent linear combination of
basis states |0) and |1) [10]. Mathematically, a qubit’s state
vector
|w) can be expressed as:
ly) =a|0) + S |1)
where o and B are complex amplitudes satisfying |a|’> + |8
= ]. Measurement in the computational basis collapses |y)
into |0) or |1) with probabilities |a|? and |B|?, respectively.
When multiple qubits are involved, entanglement becomes
key. An entangled state cannot be factored into the product
of individual qubits; it instead exhibits correlations that are
stronger than those observed in classical systems. This
property underlies quantum information protocols such as
superdense coding and quantum teleportation [11]. In
quantum algorithms, entanglement can be harnessed to
process correlated data across many qubits simultaneously.
Quantum gates are unitary operations that manipulate qubits
while preserving the global norm of the system’s state
vector. Common single-qubit gates include the Pauli
operators X, Y, and Z, as well as the Hadamard gate H,
which places qubits in superpositions. Multi-qubit gates like
the  controlled-NOT  (CNOT) realize entangling
transformations crucial for building universal quantum logic
circuits. A typical quantum algorithm begins by initializing
qubits in a reference state (often |0) for each qubit), applying
a sequence of single- and multi-qubit gates, and then
concluding with a measurement step to extract classical
information.
III. QUANTUM HARDWARE AND TECHNOLOGICAL
ADVANCEMENTS
Multiple quantum hardware platforms seek to implement
controllable qubits with high fidelity and stable quantum
operations. Superconducting qubits, used by companies such
as IBM and Google, operate at millikelvin temperatures in
dilution refrigerators. They rely on Josephson junctions to
create artificial atoms whose energy levels serve as
computational states [12]. Noisy intermediate-scale quantum
(NISQ) computing has  demonstrated  significant
development over the recent years in achieving universal
fault tolerant quantum computers [13]. Despite
susceptibility to decoherence, superconducting systems have
exhibited progress in gate fidelities, qubit counts reaching
over 100 in certain experimental devices, and advanced
quantum error correction protocols [7, 14, 15].

{ &3 Trepned ion aubits
w GCoherence times

Scalability barriers

Josephson junctions ‘
Gate fidelities ‘

Quantum
hardware

platforms
Ef* Quantum error correction
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Gther approaches @D_J

Topological qubits Room-temperature operation

Semiconductor guantum dots Deterministic gates

Fauh tolerance

Fig. 1. Overview Of Quantum Hardware Platforms and
Their Key Characteristics
The diagram categorizes different approaches, including
superconducting qubits, trapped ion qubits, photonic
quantum processors, and other emerging approaches.
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Additionally, quantum error correction methods are
highlighted as crucial elements for enhancing quantum
computation reliability.

Trapped ion qubits, pursued by lonQ and other groups,
confine charged atoms in electromagnetic fields, facilitating
qubit encoding in hyperfine or electronic states [16]. These
platforms often feature longer coherence times and high-
fidelity operations but may face scalability barriers linked to
controlling larger arrays of ions. Photonic quantum
processors, which use single photons as qubits, show
promise for integrated quantum communications and linear-
optical quantum computing. While photon-based
architectures offer room-temperature operation,
deterministic  two-photon gates remain challenging.
Additional approaches include topological qubits,
semiconductor quantum dots, and neutral-atom arrays, each
exploring different pathways to scalable quantum
computation.

Recent efforts target quantum error correction, which
attempts to protect logical qubits from environmental noise
via redundancy. One approach employs surface codes,
utilizing a 2D lattice of physical qubits to store logical
qubits that are resilient to random errors. Error correction
demands a sufficiently low physical error rate combined
with overhead in the number of qubits for redundancy.

Progress in hardware fidelity thus drives quantum
architectures toward fault tolerance, a step believed
necessary for executing the most computationally

demanding applications reliably [17].

IV. QUANTUM ALGORITHMS RELEVANT TO
ENGINEERING APPLICATIONS

Quantum algorithms aim to exploit superposition and
entanglement in domains such as simulation, optimization,
and sampling [18]. Several well-known algorithms have
direct or indirect relevance to engineering:

e Quantum phase estimation (QPE): Allows one to
find eigenvalues of a unitary operator with high
precision. This principle underlies algorithms for
quantum simulation of physical systems, where the
time-evolution operator can be decomposed into
gates acting on qubits [11].

e Quantum simulation: Simulation of quantum
systems was one of the initial motives for quantum
computing [19]. Engineering problems often
involve molecular-scale phenomena, and quantum
simulation techniques can yield solutions to
complex electronic structures more efficiently than
classical methods. For instance, the Hamiltonian H
describing a molecular system in second
quantization can be mapped to a qubit
representation via transformations such as the
Jordan—Wigner or Bravyi—Kitaev procedures. The
dynamics e can then be approximated by Trotter
expansions or more advanced decomposition
schemes.

e Variational quantum eigensolver (VQE) and
quantum approximate optimization algorithm
(QAOA): These hybrid methods combine classical
optimization routines with quantum subroutines.



VQE is used to approximate the ground-state
energy of molecular systems, a task central to
designing advanced materials. QAOA addresses
discrete optimization problems that appear in
scheduling, routing, or structural design. By
adjusting parameters in parameterized quantum
circuits, QAOA aims to identify approximate
solutions to combinatorial optimization questions.

e Quantum fourier transform (QFT): Central to
algorithms like Shor’s factoring procedure, QFT
may be invoked in engineering tasks that involve
Fourier analysis. However, the overhead of fault-
tolerant QFT is high, meaning that immediate
applications are still exploratory.

Quantum phase
estimation

Performs Fourier
analysis, still
exploratory in use

Finds eigenvalues
for quanturn
simulations

Simulates
quantum systems
for engineering
problems

Solves discrete
optimization
problems

Approximates
ground-state
energy for
materials design

Fig. 2. Key Quantum Algorithms and Their Applications In
Computational Tasks

The diagram highlights several fundamental quantum
algorithms capable of advancing quantum computing
applications across multiple scientific and engineering
domains.

These quantum algorithms carry varying hardware
requirements in terms of qubit counts, gate fidelities, and
circuit depths [20]. For near-term devices, hybrid
approaches—where classical processors handle optimization
of parameterized quantum circuits—are considered viable.
On more advanced fault-tolerant machines, algorithms such
as QPE and large-scale quantum simulations could be
powerful for engineering challenges.

V. HIGH PERFORMANCE COMPUTING (HPC)
INTEGRATION

Classical high performance computing platforms rely on
many-core architectures and graphical processing units
(GPUs) to boost performance through parallelization.
Quantum devices, by contrast, rely on quantum parallelism
and entanglement, which requires a different coding
paradigm. Integrating quantum processors with HPC
resources in a heterogeneous environment may provide a
route toward performance gains for selected workloads.
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One approach involves using HPC clusters to manage the
overhead of classical optimization in hybrid quantum
algorithms. For instance, in VQE, a classical system updates
the parameters of a trial wavefunction, while the quantum
hardware evaluates the cost function. An HPC system can
accelerate tasks such as gradient-based or gradient-free
optimization strategies across different segments of
parameter space. This synergy can reduce the total run time,
especially when running thousands of circuit evaluations in
parallel on the quantum hardware. The HPC system can also
store large volumes of classical data produced by partial
measurement outcomes, which can later be used for error
mitigation.

As quantum networks advance, there is a prospect of
distributing  entanglement across multiple quantum
processors to form a large-scale quantum cluster. Although
far from realization, the idea parallels classical HPC’s
distributed computing approach. Future quantum HPC
systems could feature tens of thousands of logical qubits
connected by high-fidelity quantum links. This
configuration would allow large-scale simulation of
molecular systems, advanced structural analysis, or
machine-learning tasks. The integration of quantum and
classical HPC resources remains an active research area,
likely to shape the next generation of engineering
workflows.

A. Materials design

Materials engineers routinely use computational chemistry
simulations to evaluate properties of alloys, polymers, and
semiconductor compounds at the electronic level. Classical
ab initio methods such as Density Functional Theory (DFT)
face exponential scaling challenges with system size.
Quantum computing promises polynomial or exponential
improvements for certain tasks related to molecular orbital
calculations, reaction pathway evaluations, and energy
spectrum  determinations [21]. Furthermore, quantum
computing is effective in determining molecular and
material properties using orbital optimized variational
quantum algorithm and quantum counterpart of equation of
motion algorithms [22].

The electronic structure problem can be written in second-
quantized form as a Hamiltonian:

1
H= Z hyq a,ta, + 3 Z hypqrs aptagTa,ag?
pq pars

where az[,Jr and a, are fermionic creation and annihilation
operators. Mapping these operators to qubit operators allows
quantum simulations to approximate -eigenvalues and
eigenstates of H. VQE, integrated with HPC-based classical
optimizers, can be employed to explore candidate
configurations of molecules. This approach can speed up
identification of stable phases, catalysis properties, or
improved conduction features.
Beyond purely quantum mechanical simulations, quantum
processors can tackle large linear algebra subproblems in
materials design, such as solving linear equations that
appear in advanced iterative solvers. Algorithms like the
Harrow-Hassidim-Lloyd (HHL) method exploit quantum
procedures for solving linear systems in logarithmic time in
principle, though substantial qubit resources and circuit



depths are required for practical advantage. Despite
hardware constraints, quantum materials simulation remains
a central driver for progress in quantum computing because
of the direct correlation between quantum device size and

real-world feasibility.
Materials design ®

Structural optimization

Aeronautice and fluid
dynamics ==

Fig. 3. Applications of quantum computing in engineering
disciplines

The diagram illustrates key areas where quantum computing
is expected to impact engineering.

B. Aeronautics and fluid dynamics

Aeronautical engineering demands large-scale CFD
simulations to predict airflow, turbulence, and shockwave
phenomena around aircraft. Classical CFD typically solves
the Navier—Stokes equations on high-resolution grids:

dp

— 4+ V. = 0,
Fr (pv)

d(p.v
%+\7.(pvv) =—-Vp + V.1,

where p is density, v is velocity, p is pressure, and t is the
stress tensor. These equations, and related turbulence
models, may demand billions of computational cells in three
dimensions, making HPC resources crucial. Researchers are
exploring whether quantum solvers can accelerate partial
differential equation (PDE) tasks that appear in fluid
simulations, either by applying quantum linear system
solvers or by employing quantum-based approaches to
large-scale matrix exponentiation.

One proposal involves encoding discretized field variables
in qubit registers, then applying quantum operators that
approximate PDE evolutions. Although the overhead for
Trotter-based simulations is high, there is potential for
future quantum devices with fault tolerance to solve PDEs at
a speed beyond classical HPC. Emerging quantum-based
machine learning methods might be combined with fluid
simulations to optimize mesh configurations or refine
boundary conditions. While these proposals remain in proof-
of-concept stages, continued improvements in hardware and
algorithmic error mitigation might boost practicality in
aeronautics.

C. Structural mechanics optimization

Structural engineers often face complex design optimization
problems, such as minimizing weight subject to stress
constraints in a truss or maximizing stiffness under cost
limits in composite materials. The search space grows
combinatorically with the number of elements or design
parameters. Techniques including topology optimization
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typically employ iterative solvers that are time-consuming
for large-scale problems.

Quantum heuristics like QAOA can be adapted to these
design optimization tasks by formulating them as cost
functions on graphs or discrete decision variables. In
QAOA, a parameterized quantum circuit alternates between
mixing and problem Hamiltonian phases. The objective is to
locate a low-energy configuration for the problem
Hamiltonian, which encodes design constraints. Early
demonstrations on small quantum devices have shown
promise for solving simplified optimization instances,
though noise remains a limiting factor in practical scale-up
[23].

Additionally, structural analysis may benefit from quantum
linear system solvers in scenarios involving finite element
analysis (FEA). Large, sparse matrices derived from
discretized partial differential equations describe the
structural response. While classical approaches such as
direct solvers or iterative methods on HPC clusters are
advanced, a future fault-tolerant quantum system could
potentially accelerate these computations. Combining HPC
methods with quantum subroutines may be the most
promising near-term path, where classical HPC handles
large-scale orchestrations, and quantum hardware focuses
on the computational core that may offer a quantum
advantage.

VI. TECHNICAL AND IMPLEMENTATION
CHALLENGES

Quantum computing faces serious hurdles on the road to
large-scale engineering applications. One key challenge is
decoherence, arising from interactions between qubits and
their environment, leading to loss of quantum information.
Although  superconducting qubits have advanced
significantly, they still exhibit limited coherence times,
typically in the range of microseconds to milliseconds,
which constrains algorithmic depth. Trapped ion systems
feature longer coherence but require complex laser-based
control of large ion chains, raising engineering difficulties
related to stability and control crosstalk.

Scalable error correction is another key concern. Fault
tolerance imposes overhead in qubit count and gate
operations, with typical thresholds requiring error rates
below 103 or 10* for basic gates. Achieving these
thresholds across hundreds or thousands of physical qubits
is an open issue. Additionally, near-term quantum devices
are prone to noise, and specialized algorithms such as VQE
or QAOA remain approximate at best.

Another implementation challenge is the difficulty of
formulating real engineering problems in quantum-friendly
language. This might include representing PDEs or discrete
design constraints as Hamiltonians and developing
decomposition strategies that fit within quantum hardware
limitations. Even with successful problem encoding, readout
procedures that convert quantum states back to classical
answers must be carefully executed to avoid sampling errors
or excessive overhead. Therefore, practical quantum
advantage demands progress in hardware, error mitigation,
algorithmic innovation, and HPC integration.



VII. FUTURE OUTLOOK

Despite the present constraints, many researchers anticipate
that quantum computing could eventually surpass classical
HPC in specific tasks. Ongoing advancements in quantum
hardware hint at qubit counts growing into the thousands or
beyond over the next decade. Advanced qubit control
techniques, better fabrication processes, and algorithmic
breakthroughs are together moving in a direction that is
expected to enable fault-tolerant quantum computation. This
progress, in turn, may permit precise simulation of complex
physical and chemical systems. Materials science could
benefit from efficient modeling of strongly correlated
systems, while aeronautical and fluid dynamic problems
could be tackled via quantum-based PDE solvers that
integrate HPC methods.

Hybrid quantum-classical computation is likely to remain
central. Even if large-scale quantum machines become a
reality, classical supercomputers remain exceptional at
large-scale data management, parallel linear algebra, and
classical pre- and post-processing. Engineers will likely
develop workflows that alternate between quantum
subroutines for the most demanding computational pieces
and classical resources for data manipulation. This synergy
mirrors current HPC practices, extended with a quantum
COpProcessor.

Following is a list of engineering application where future
development in quantum computing can transform the
technological advancements:

By harnessing quantum algorithms that bridge atomic
interactions and macroscopic urban dynamics, engineers can
design adaptive, resilient structures in real time. A roadmap
to achieve this breakthrough requires developing novel
quantum models, integrating diverse physical scales, and
deploying hybrid quantum-—classical solvers. Collaborative
research among computational scientists, urban planners,
and quantum hardware experts will drive prototype systems
capable of simulating emergent phenomena. Overcoming
scalability challenges and incorporating real world sensor
data will transform urban planning, reduce resource
consumption, and enable intelligent, responsive
infrastructure systems that redefine modern cities in
innovative ways.

Quantum computing can revolutionize the balancing of
variable renewable sources, storage dynamics, and
consumption patterns. To realize this vision, researchers
must develop tailored quantum algorithms that tackle
complex, nonlinear energy distribution problems.
Integrating quantum solvers with real-time energy
monitoring and advanced forecasting models will enable
efficient load balancing and dynamic grid reconfiguration.
Cross disciplinary teams will be vital in merging quantum
insights with power systems engineering, paving the way for
resilient, sustainable networks that minimize waste and
maximize performance in both urban and rural settings
worldwide.

By leveraging quantum machine learning, control
algorithms can be enhanced to process sensor data and make
split-second decisions with unprecedented precision. A
strategic roadmap involves developing quantum-enhanced
feedback loops, robust quantum simulators for training
neural networks, and secure quantum communication
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channels for multi-agent coordination. Partnerships between
robotics engineers and quantum algorithm developers will
accelerate innovation. Prototypes integrating quantum
processors with embedded systems can redefine autonomous
navigation and real-time obstacle avoidance, transforming
sectors from industrial automation to self-driving vehicles
with superior performance in complex environments.
Advanced quantum models can emulate high pressure, high
temperature, or radiation rich scenarios that challenge
classical simulation techniques. A detailed roadmap
involves formulating quantum representations of material
behavior under extreme stress, integrating quantum error
correction with simulation protocols, and validating
outcomes with experimental high energy tests. Collaborative
projects between quantum scientists and field engineers will
develop simulation tools for aerospace, deep sea, and
nuclear engineering applications. These efforts promise
breakthroughs in designing resilient structures and systems
capable of enduring extraordinary conditions for a
sustainable future.

Quantum enhanced simulation models will predict optimal
material deposition patterns, layer interactions, and thermal
dynamics during 3D printing. The roadmap involves
creating quantum algorithms that capture complex phase
transitions and provide real time feedback by integrating
sensor data from manufacturing processes. Collaborative
research between material scientists and quantum algorithm
experts will drive experimental validation and scalability.
This approach will enable unprecedented precision in
fabricating lightweight, high strength components,
ultimately transforming production techniques across
aerospace, automotive, and biomedical sectors with
enhanced efficiency and reduced waste.

Developing specialized quantum algorithms enables
engineers to model reactive flows, plasma dynamics, and
fluid structure interactions with greater accuracy than
classical methods. The roadmap includes integrating
quantum sensors for real time engine diagnostics, leveraging
quantum inspired optimization to fine tune design
parameters, and collaborating with aerospace research
centers for experimental validation. These breakthroughs
promise the creation of more efficient propulsion systems
that reduce fuel consumption and emissions while
advancing space exploration and high-speed travel, setting
new industry standards for aerospace innovation.
Leveraging quantum algorithms to model protein folding,
drug interactions, and cellular processes can transform
personalized medicine and tissue engineering. The roadmap
calls for interdisciplinary collaborations among quantum
scientists, biologists, and medical engineers to develop
quantum inspired diagnostic tools and implantable devices.
Integrating quantum computing with advanced imaging and
data analytics will help uncover hidden biological
mechanisms, optimize treatment protocols, and accelerate
the discovery of life saving therapies. This synergy promises
a future of tailored healthcare solutions and breakthrough
innovations in medical technology.

Novel quantum cryptography protocols and quantum key
distribution techniques will fortify communication networks
and safeguard industrial control systems against evolving
cyber threats. The roadmap involves designing hardware
integrated quantum encryption modules, developing



quantum resistant algorithms, and implementing dynamic
threat detection powered by quantum machine learning.
Cross sector collaboration between cybersecurity experts,
quantum physicists, and infrastructure engineers is essential
for creating resilient systems. These initiatives will establish
a security framework that anticipates future risks, ensuring
that vital engineering networks remain protected, reliable,
and adaptable in a digital world.
Quantum algorithms can analyze vast, dynamic datasets
from sensors, vehicles, and infrastructure to identify optimal
solutions in real time. The roadmap emphasizes developing
hybrid quantum-—classical models that capture complex
urban interactions, enabling adaptive traffic routing and
efficient energy distribution. Collaboration between urban
planners, data scientists, and quantum technologists will
yield innovative pilot projects in smart cities. This approach
aims to reduce congestion, lower emissions, and enhance
public service delivery, ultimately creating urban
environments that are sustainable, resilient, and responsive
to modern societal needs.
Utilizing quantum algorithms, researchers can simulate
atmospheric dynamics, ocean currents, and complex climate
feedback loops with enhanced resolution. The roadmap
includes developing quantum based predictive models that
integrate heterogeneous environmental data, enabling
precise forecasting of extreme weather events and long term
climate trends. Collaborative initiatives with climatologists
and environmental engineers will foster quantum enhanced
tools for geoengineering proposals, such as carbon capture
and solar radiation management. These solutions promise to
inform proactive environmental policies and drive
sustainable practices, ultimately safeguarding Earth’s future
in an era of rapid climate change.

VIII. CONCLUSIONS
Quantum computing offers an unconventional approach to
tackling certain computational tasks, generating prospects
for new methods in high performance engineering. Its
foundation rests on qubits and entanglement, which allow
unique operations that cannot be efficiently replicated on
classical hardware. Current hardware platforms, including
superconducting qubits and trapped ions, continue to
improve in qubit count, gate fidelity, and coherence time.
Parallel growth in quantum algorithms, spanning quantum
simulation, phase estimation, and hybrid variational
methods, has paved a path toward experimental
demonstrations in molecular design, optimization, and
partial differential equation solvers.
In engineering, the capacity to compute molecular structures
with quantum simulation, optimize structural configurations
with QAOA, or explore large-scale fluid dynamic equations
with quantum-based PDE solvers raises the possibility of
breakthroughs in materials science, aeronautics, and civil
infrastructure. Yet substantial technical and conceptual
challenges remain. Decoherence, imperfect qubit operations,
and limited qubit availability must be addressed through
error correction and refined hardware solutions.
Furthermore, many engineering tasks demand specialized
classical-quantum integration, calling for synergy with HPC
systems that manage large data sets and orchestrate
parameter optimization routines.
Despite these barriers, the consensus in the scientific
community is that quantum computing developments will
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profoundly reshape computational practices in engineering.
Sustained efforts in hardware research, algorithmic
advancement, and HPC integration are forging new roads
for quantum-enhanced engineering. It is likely that hybrid
deployments, where classical and quantum resources
complement each other, will become standard in
engineering research pipelines. While exact timelines
remain uncertain, the progressive improvements in quantum
hardware, deeper algorithmic research, and mounting
industrial engagement suggest that quantum computing has
the potential to transform high performance engineering in
the decades ahead.
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Abstract—Photovoltaic (PV) systems play a critical role in
advancing sustainable energy solutions. This study identifies
a system model for a PV panel combined with a boost
converter and utilizes it to design a Proportional-Integral
(PI) based Maximum Power Point Tracking (MPPT)
controller for optimal power extraction. Input-output data
for system identification are collected from a MATLAB
SIMULINK model, and a transfer function model is
identified. The model's accuracy is validated by comparing
its step response with the actual system. A PI-based MPPT
controller is designed to ensure stable operation at or near
the Maximum Power Point (MPP). The PI-MPPT based
system  demonstrates  superior performance over
conventional MPPT methods, while the modeling approach
exploits the simplicity of PI parameter calculation for
controller design. This work highlights the effectiveness of
integrating system identification with control strategies to
enhance PV system performance.

Keywords—Photovoltaic  system, boost converter, system
identification, transfer function, maximum power point
tracking controller.

1. INTRODUCTION

The global shift towards renewable energy sources has
underscored the critical role of photovoltaic (PV) systems
in achieving energy sustainability. Over the past decade,
PV technology has emerged as a cornerstone of clean
energy solutions, owing to its ability to harness solar
energy efficiently and sustainably [1]. However, the
intermittent nature of solar energy and the nonlinear
characteristics of PV systems pose significant challenges
in maximizing power extraction [2]. To address these
challenges, Maximum Power Point Tracking (MPPT)
techniques have been widely adopted to ensure that PV
systems operate at their optimal efficiency under varying
environmental conditions [4, 5].

Among the various MPPT strategies, Proportional-Integral
(PI) based controllers have gained prominence due to their
simplicity, robustness, and ability to deliver stable
performance [6, 7]. However, the design and
implementation of such controllers require an accurate
mathematical model of the PV system, including the PV
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panel and associated DC-DC converter, such as a boost
converter [4, 8]. System identification techniques offer a
systematic approach to deriving such models by analyzing
input-output data, enabling the development of controllers
that can effectively regulate the system's operation [3].

This study focuses on the identification of a transfer
function model for a PV system integrated with a boost
converter, utilizing data generated from a MATLAB
SIMULINK model. The identified model is validated
against the actual system through step response analysis,
ensuring its accuracy and reliability. Leveraging this
model, a PI-based MPPT controller is designed to regulate
the output of the PV system, ensuring operation at or near
the Maximum Power Point (MPP). The proposed PI-
MPPT controller demonstrates superior performance
compared to conventional MPPT techniques, highlighting
its effectiveness in enhancing power extraction efficiency
[10]. Furthermore, the modeling approach adopted in this
work simplifies the calculation of PI parameters,
facilitating the design process and improving the overall
system performance.

The Perturb and Observe (P&O) algorithm-based MPPT
controllers are widely employed in the charge controllers
of PV panels due to their simplicity and effectiveness in
tracking the MPP. However, to further enhance the
system's efficiency and dynamic response, a PI control
module has been integrated into the MPPT framework.
The PI controller, being one of the most fundamental and
versatile control strategies in control theory, offers
improved stability and precision in regulating the system's
operation. To optimize the performance of the PI
controller, the MATLAB SIMULINK PID auto-tuner tool
was utilized for the precise adjustment of the PI
parameters, ensuring optimal tuning and enhanced system
performance. This integration of the PI control module
with the P&O algorithm demonstrates a significant
improvement in the overall efficiency and reliability of the
PV system. The objectives of this work can be
summarized as follows:

e To identify transfer function model of a PV
system comprising of PV array and DC-DC
boost converter.



e To extract maximum power from the PV
panel/array maintaining a constant voltage, with
PI-based MPPT controller.

By integrating system identification with advanced control
strategies, this research contributes to the ongoing efforts
to optimize PV system performance, paving the way for
more efficient and sustainable energy solutions [10]. The
findings of this study not only validate the efficacy of PI-
based MPPT controllers but also provide a framework for
future research in the domain of renewable energy
systems.

II. PROPOSED SYSTEM DESCRIPTION

The system under consideration is shown in the block

diagram of Fig.1.
Boost :> Load
Converter

Triggering
Signal
(Duty Ratio control)

Fig. 1 Block diagram of considered PV system

This system’s output is fundamentally determined by its
internal dynamics and surrounding environmental
conditions. Consequently, there is no direct means to
regulate the operating point along the IV-curve of a solar
PV array, as per load condition or requirement. To exert
control over the output, the duty ratio must be adjusted;
practically, this is achieved by altering the triggering point
of the power electronic control switch within the boost
converter. For the system to operate near the MPP on the
IV-curve, it is essential that the duty ratio is continuously
modified using a mechanism known as the MPPT
algorithm [5].

As noted in the introduction, enhancing the reliability and
efficiency of the PV system’s output; both in terms of
power generation and maximum power point tracking,
necessitates the integration of a PI controller with the
MPPT setup and it can be schematically represented by
Fig. 2.

PV Panel B (|
or >
PV array I

||
|
||
|
[ LOAD

— — — — lBoost Converter

) el DUTY

Fig. 2. Schematic diagram of the PV system with PI-based
MPPT controller
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III. PROPOSED SYSTEM MODELLING

A. PV System

Solar cells are the building blocks of any PV panel or
module. A typical Single diode model (SDM) representing
a PV cell is shown in Fig. 3 which can be extended for
representation of any PV panel, module or array [9].

It
s
l[)" lsh‘ RS

"M Ry Vi

+ + Q -
Fig. 3 Circuit of PV cell
The current equation of a PV module is:

I, = ph — Ip — Iy, = Iph —1Ip— (Vt + ItRs)/Rsh
(1)

where, R; = photo generated current in the cell, I, = diode
current, R, = series resistance, I, = current through shunt
resistance and R, = shunt resistance of the equivalent
SDM of solar cell. As, PV produces generally low voltage
output, it may be fed to a boost converter for enhancing its
voltage (V;y,)-

B. DC-DC Boost Converter

A DC-DC boost converter (Fig. 4) is a power electronic
circuit designed to elevate a lower input voltage to a
higher output level. It operates by intermittently storing
energy in an inductor and releasing it to the load at a
higher potential during the switch-off phase. The
converter's switching mechanism, regulated by the duty
cycle (D), enables efficient voltage regulation and energy
transfer. In steady-state, the output voltage or load voltage
) is:

O+

2
Widely applied in renewable energy systems, it plays a
critical role in optimizing energy capture and facilitating
maximum power point tracking [4].

AAAA =
+ Diode ¢ +
A P A
L To
Load
Vi %wit'ching —_— |v
From | Cin eviee Cout
PV
Panel
-V

- |
Triggering Signal (as per Duty Ratio) (Input)
Fig. 4. DC-DC Boost converter circuit

C. Identified Model of the whole PV system

The process to identify the system transfer function model
is somewhat simple. The steps are described as follows:



e Step — 1: A SIMULINK model based on the
original system corresponding to Fig. 2 is
designed (but without MPPT & PI controller).

e Step — 2: Data is being collected for Duty ratio

(D), as input and load voltage (V;), as output
from SIMULINK simulations.

e Step — 3: These collected data is then fed in
System Identification toolbox of MATLAB to
get Transfer function model of the whole system.

Now, the obtained transfer function-based system will be
used to get an appropriate PI-controller which then can be
made associated to the MPP tracker for efficient and
reliable system output.

D. P & O Algorithm

The Perturb and Observe (P&O) algorithm [10] is one of
the most widely used MPPT techniques for PV systems.
Its simplicity, ease of implementation, and ability to
dynamically track the maximum power point (MPP) make
it an attractive choice for research. It operates on the
fundamental principle of incremental perturbation in
voltage (or duty cycle) and subsequent observation of the
power response. The algorithm adjusts the operating point
of the PV system iteratively by increasing or decreasing
the voltage, then observing whether the power increases
or decreases. It can be simply demonstrated using the flow
chart in Fig. 5 and PV curves shown in Fig. 6; where,
V (k) and P (k) represent the voltage and power at the k"
iteration.

Reading V(k), I(k)

Power P(k) = V(k) x I(k)

P & O Flowchart v

dV = V(k) - V(k-1)

dP = P(k) - P(k-1)

which is the difference between the reference voltage (or
power) and the actual value, using the following control
law, to give us desired system output:

D(t) = Kye(t) + K; [ e(t)dt (3)
where:

e D(t) is the duty cycle of the DC-DC converter.
¢ K, and K; are the proportional and integral
gains, respectively.
e e(t) is the error signal.
IV. RESULTS

This work incorporates a PV system with a Pl-based
MPPT controller designed with the help of system
identification technique. The PI controller parameters are
designed from the step response analysis of the transfer
function model of the combined PV system. The MPPT
controller is employed to get the operation near maximum
power point and its performance is enhanced by
incorporation of PI controller. The developed work is
executed in MATLAB and comparison is done with
traditional method, in respect of system’s responses. Table
I indicates the specification of parameters of the
developed work.

YES YES

| Decrease Vref I | Increase Vref | I Decrease Vref | | Increase Vref |

Return

Fig. 5. Flow chart of P & O algorithm

E. Pl-based Controller for MPPT PV system

A Proportional-Integral (PI) controller is a widely used
feedback control strategy for MPPT in PV systems. It
ensures stable and efficient operation by dynamically
adjusting the duty cycle of the DC-DC converter (such as
a boost converter) to maintain the optimal operating point
of the PV system. It processes the error signal (Fig. 2),
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TABLE L SPECIFICATION OF PARAMETERS
Parameters Specification

PV System
PV Panel Model 11)Soltech 1STH-215-
Total Power 100kW
Panel’s Peak power 215W
Short circuit current 7.84A
Current at Maximum Power 7.35A
Open circuit voltage 36.3V
Voltage at Maximum Power 20V
Number of Panels in series 10
connection, Ng
Number of parallel strings of 47
Panels, Np
DC-DC Boost Converter

C; 1000uF

Cout 4000uF

L 1.25mH

Switching frequency f 10kHz

10 el ™
100, - . : BE, .
__ 300 x 290
= ¥ 345.45
E 200
T
24, ¢
o
o 50 100 150 o0 50 Sea

Voltage (V) x 290
¥ 100180.5

100 150 200 250 300 350 400
¢

Fig. 6. Waveform of PV system — I-V & P-V curves




The I-V and P-V curves of PV system under STC [at
1000W/m? of irradiance and 25°C temperature] is shown
in Fig. 6. Our goal is to get the operation at or near
maximum power point. For input-output collection, the
boost converter-based PV system is operated with fixed
duty ratio at a fixed temperature and irradiance. The
collected data is utilized in the system identification
toolbox of MATLAB to get a linearized model of the
system which can be represented by the following transfer
function:
T(s) =

9.742863720 x 108 X s
52 4+4.9828840181 x 103 x s + 1.1913922482 x 107
This system can track the original system with a curve-
fitting of over 80%, to be precise, 94.68% (tf1 in Fig. 7).
Other than this, a 3™ order model with 94.44% (tf2 in Fig.
7) fit is also found but not used for further development of
the controller as higher order model may produce
instability during operation.
4 Model Output: y1 = O X

File Options Style Channel Experiment Help

Measured and simulated model output

Now the transfer function model has been used to find the
Pl-controller parameters for the original system with
MPPT. The parameters are found using auto-tune facility
available in MATLAB with following atributes for the
output shown in Fig. 9:

TABLE II. SYSTEM PERFORMANCE

Parameters Specification
Steady-State Error (eg;) 0
Settling Time (Ty) 1.033 seconds
Overshoot (Mp,) 0.501%

- 756.044 milli-
Rise Time (T;) seconds

70

Best Fits
D e e a—

60 tf1: 94.68

i tf2: 94.44

40
301

201

10 1

0

-10 - - : :
0 002 004 008 008 01

Time ( seconds)

Fig. 7. Fit %-age for the measured and identified model
outputs

The system with only MPPT may operate without any
problem for prolonged period but may also produce
certain disturbances in the output as can be seen in Fig. 8
with a wide variation in converter output voltage and
current, which can be eliminated by using a PI-controller
in the system.

PV Output Current Boost Converter Output Current
. 400 ;
z
£
2 200
£
s
=
E 0
E
El
© _200

() 0.2 0.4 0.6 0.8 1 o 0.2 0.4 0.6 0.8 1
Time (seconds) Time (seconds)
PV Output Voltage Boost Converter Output Voltage
o 300 — 400
£ =
ER £300
o o
Z 100 50 200
= =
I = 100
- 0 -
[
-100
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Time (seconds) Time (seconds)

Fig. 8. PV module and converter outputs without PI
controller
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The details of the Pl-controller parameters for this
mentiond performance are found to be as follows:

[Kp, K;] =[0.0253184686239311

0.00944162171794273]
fi==r1m
300 - =
250 .l
,;20{) |
%150 1
E
EIUD =
50 i
0_ -
T S

Time (seconds)
Fig. 9 Closed-loop response of the identified model of PV
system with PI controller

The response in Fig. 9 shows that it’s able to give the
desired voltage at the output for the tuned PI parameters
of the controllers with a reference input of 290V which is
nothing but the maximum power voltage of the system.
This is a closed-loop response of the system under
consideration, obtained with the block diagram as shown
in Fig. 10.

R num(s) |
& " den(s) g

T(s)

Fig. 10 Closed-loop representation of the identified model
[T(s)]

With this Pl-controller, the original system has been

simulated using P & O based MPPT algorithm, which has

revaled satisfactory tracking of the peak power operation.
Thus the idetified model is hereby validated. For PV



MPPT applications with a boost converter, the PI
controller has been chosen due to its ability to eliminate
steady-state error, simple implementation, and better noise
immunity compared to PD and PID controllers. All the
outcomes are now shown below, which visually reflects
all the previous claims. In Fig. 11 & 12, the mean value of
output voltage and current of the PV array is found to be
275.7Vand 348.7A respectively. In Fig. 13, the mean
value of output voltage of the boost converter is found to
be 435.7V and in Fig. 14, the mean value of output current

of the boost converter is found to be 217.8A.
Py ()utlell Voltalqc ‘ ‘

I T
sl || [V Output Voluge |
300
250

200 1

Yoltage (volts)

100 T 1

50 F ! | | 1 | | 1|

I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (seconds)

Fig. 11 PV output voltage variation
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Fig. 12 PV output current variation
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Fig. 13 Converter output voltage variation
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Fig. 14 Converter output current variation
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Fig. 15 PV output power variation

In Fig. 15 the mean value of output power of the PV array
is found to be 95.72kW. This can be treated as satisfactory
as the system has been designed for an output of 100kW
(TABLE D).

The SIMULINK model used for producing all these
curves can be found in Fig. 16. This implements PI-based
MPPT control for a PV-system designed with the help of
System Identification.

] 1=]
= P
= { S 8 =
o 0
J _: j o s < H ":l
() = —
. e =7
= == B
= a3
[ m g =

Fig. 16 SIMULINK setup for the whole PV system

V. CONCLUSION

In conclusion, this research successfully implements a
Proportional-Integral (PI) based Maximum Power Point
Tracking (MPPT) controller for a photovoltaic (PV)
system integrated with a boost converter, utilizing a



transfer function model derived from the original PV
system. The model identification was initially performed
using SIMULINK, though it can also be replicated with
real hardware systems and measurement setups. The PI
controller, designed based on the linearized representation
of the complex nonlinear PV system, ensures stable
voltage regulation, adaptability to changing conditions,
minimized overshoot, and improved steady-state
performance. Implemented and  validated in
MATLAB/Simulink, this approach is both simple and
computationally efficient, making it suitable for broader
applications in related research. Future work could focus
on hardware-based validation to further extend the
practical relevance and scalability of this methodology.
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Abstract- In order to overcome the difficulties and
constraints associated with underwater exploration, this
project introduces the creation of a remotely operated
vehicle (ROV) intended for surveying the seafloor. In
comparison to manned submersibles or Autonomous
Underwater Vehicles (AUVs), the ROV provides a safer
and more effective alternative given the size of
uncharted marine territories. The ROV can gather high-
resolution data for real-time analysis thanks to its sonar,
ultrasonic sensors, and wireless communication modules,
increasing our capacity to access dangerous and far-
flung underwater habitats. The ROV's capacity to
perform depth mapping with little assistance from
humans and provide accurate seafloor data and
photographs is one of its key characteristics. In addition
to discussing potential enhancements like incorporating
GPS, video capabilities, and energy-efficient
components, the project addresses limits like tether
management, power constraints, and data capacity.
With further improvements anticipated to broaden its
uses in scientific study and resource exploitation, this
early development demonstrates the ROV's potential to
revolutionize maritime research.

Keywords- ROV (Remotely Operated Vehicle), Seafloor
mapping, underwater Exploration, Marine Technology,
Ultrasonic Sensors, Bluetooth Communication, Wi-Fi

I. INTRODUCTION

Only 5% of the aquatic world has been explored, despite
covering 71 of our earth. The abysses hold vast biodiversity,
uncharted ecosystems, and hidden geological structures, yet
much of it remains a riddle. Over time, advancements in
tools and technology have enabled scientists to explore not
only the depths of the ocean but also the hugeness of space.
Understanding marine life and oceanic ecosystems is pivotal
for climate studies, resource management, and biodiversity
conservation.

The first significant ocean exploration passage, the H.M.S.
Challenger Expedition (1872 — 1876), aimed to gather
information on marine geology, ocean currents, and
chemical parcels of seawater. Since also, ocean exploration
has evolved dramatically. By the late 1950s and early 1960s,
the preface of submersibles — advanced aquatic vehicles —
revolutionized marine exploration. Ultramodern
oceanography now employs sonar mapping for detailed
seafloor imaging, coring bias for deposition analysis, buoys
and water column samplings to cover ocean conditions, and
ever operated vehicles (ROVs) for safe and effective deep-
ocean exploration. These technological advancements have
handed unknown access to the ocean’s retired world.

Despite these improvements, a vast portion of the ocean
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remains unexplored, presenting an occasion for farther
discoveries. The future of oceanic and space exploration is
changeable, yet Dr. Robert Ballard makes an interesting
observation

“The current generation of middle academy scholars will
explore further of Earth than all former generations
combined.”
This statement underscores the measureless eventuality of
unborn exploration. Inspired by this vision, we're
developing a Remotely Operated Seafloor Mapping Vehicle
that will autonomously collude the seafloor’s depth with
minimum human intervention. Our action seeks to enhance
marine exploration by furnishing a cost-effective, effective,
and scalable result to study aquatic surroundings. By
integrating ultramodern technology into seafloor mapping,
we aim to ground the knowledge gap in ocean exploration
and contribute to scientific advancements in marine
exploration.

2. LITERATURE REVIEW
The development of underwater vehicles in recent years
has significantly advanced deep-sea exploration.
Autonomous Underwater Vehicles (AUVs) and Remotely
Operated Vehicles (ROVs) have become essential tools
for maritime applications, enabling efficient seafloor
mapping, marine research, and underwater inspections.
Several studies have focused on enhancing these
technologies, addressing key challenges in control
systems, navigation, imaging, and sensor integration.

Whitcomb [1] discusses the transition of ROV technology
from laboratory development to real-world oceanographic
research, highlighting its growing role in deep-sea
exploration. His study emphasizes improvements in
underwater mobility, real-time control, and data
acquisition, which are crucial for modern ROV
applications.

Christ and Wernli [2] provide a comprehensive overview of
ROV design, focusing on essential elements such as sensor
integration, control mechanisms, propulsion systems, and
power management. Their work establishes a framework for
developing advanced ROVs capable of operating in extreme
underwater environments.

Singh et al. [3] explore large-area photo mosaicking
techniques for underwater mapping, demonstrating how
high-resolution imaging supports detailed seafloor
observations. Their research highlights the importance of
visual mapping, sonar imaging, and Al-based feature
detection in modern marine exploration.

Additional studies have explored various improvements in
underwater robotics. Yoerger et al. [4] discuss
advancements in autonomous navigation and machine
learning-based control systems, which enhance ROV
maneuverability and data processing. Bellingham and Rajan



[5] analyze energy-efficient propulsion technologies for
AUVs and ROVs, improving endurance and operational
depth capabilities.

These studies form the foundation of our research,
demonstrating  current practices and technological
advancements that shape the design and operation of our
proposed ROV for seafloor mapping. Our work aims to
integrate these developments while addressing key
challenges such as improving depth control, optimizing
communication efficiency using ESP-NOW, and enhancing
real-time data visualization.

III. SYSTEM DESIGN & METHODOLOGY

This section describes the overall architecture, hardware
components, software implementation, and mechanical
design of the proposed ROV-based seafloor mapping
system. The system consists of a Transmitter Module for
remote control and a Receiver Module mounted on the ROV
for movement and depth measurement. The communication
between these modules is established using ESP-NOW,
ensuring fast and reliable data transfer.

A.  System Architecture
The proposed system consists of two main modules:

e Transmitter Module: Controlled by an ESP32, it
includes push buttons for movement control, an LCD
display for depth information, and an HC-05 Bluetooth
module (for debugging, if required).

e Receiver Module: Built around an ESP32, it includes
an HC-SR04 ultrasonic sensor for depth measurement,
an L298N motor driver, and two DC motors for
propulsion.

Communication Protocol: ESP-NOW enables efficient

real-time data exchange between the modules.
PUSH BUTTON ESP32 16 X 2 LCD DISPLAY
(INPUT) (MICROGONTROLLER) (OUTPUT)

= A
MOTOR
CONTROL

WIFI & BLUETOOTH
(2 WAY COMMUNICATION )

A

MEASURED
DEPTH DATA

ULTRASONIC SENSOR ESP32 MOTOR DRIVER
(INPUT) (MICROCONTROLLER) (OUTPUT)

MOTOR
(PROPULSION)

Fig. 1. Block Diagram
B.  Hardware Components
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TRANSMITTER MODULE
COMPONENT PURPOSE QUANTIT
NAME Y
PUSH BUTTON DIRECTION INPUT 4*
ESP32 MICROCONTROLLE 1
R
16X2 LCD DISPLAY 1
DISPLAY INTERFACE
RECHARGEABL POWER SUPPLY 34
E CELL
RECEIVER MODULE
COMPONENT PURPOSE QUANTIT
NAME Y
ULTRASONIC DEPTH 1
SENSOR MEASUREMENT
MOTOR DRIVER | MOTOR CONTROL 1
ESP32 MICROCONTROLLE 1
R
DC MOTOR PROPULSION 2
RECHARGEABL POWER SUPPLY 3-4
E CELL

C. Software Implementation

The software system for the remotely operated vehicle
(ROV) is designed to handle real-time communication,
control execution, and data processing. The implementation
consists of the following key components:

I.  Microcontroller Programming

e The ESP32 microcontrollers are programmed using
Arduino IDE with C/C++.

e  The transmitter module processes user input from push
buttons and sends directional commands via Wi-Fi

e The receiver module decodes incoming signals, controls
motor movement, and processes sensor data.

e The receiver model sends the depth data continuously
through Bluetooth.

e The transmitter receives the depth data (analog value)
and display it in the LCD

II. Communication Protocol

e  Wi-Fi Communication: Used for transmitting control
signals from the transmitter module to the receiver
module, ensuring real-time operation.

e Bluetooth Communication: The depth data from the
ultrasonic sensor at the receiver module is sent back to
the transmitter module via Bluetooth, where it is
displayed on the 16x2 LCD.

III. Sensor Data Processing

e  The ultrasonic sensor continuously measures depth and
sends data to the microcontroller.

e Depth readings are displayed on the 16x2 LCD of the
transmitter module in real-time.




e The system includes filtering mechanisms to remove
noise from sensor data for accurate readings.
D. System Circuit Diagram

The system circuit diagrams illustrate the electrical
connections and interactions between components in the
transmitter module and receiver module of the remotely
operated vehicle (ROV).

1. Transmitter Module Circuit Diagram

The transmitter module consists of an ESP32
microcontroller, which takes directional input from push
buttons and sends control signals to the receiver module via
Wi-Fi communication. Additionally, it receives depth data
from the receiver module using Bluetooth communication
and displays it on a 16x2 LCD display. Rechargeable cell
powers the module.

Fig. 2. Transmitter module

2. Receiver Module Circuit Diagram

The receiver module includes an ESP32 microcontroller,
which receives movement commands from the transmitter
via Wi-Fi and controls the propulsion system using a motor
driver and DC motors. It also integrates an ultrasonic sensor
to measure depth, which is sent back to the transmitter using
Bluetooth communication. A rechargeable cell supplies
power to the system.
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Fig. 3. Receiver module
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These circuit diagrams (Fig. 1 and Fig. 3) provide a clear
representation of the component connections and ensure the
seamless operation of the system.

IV. IMPLEMENTATION & TESTING

This section outlines the process of assembling the system,
programming the microcontrollers, and testing the
functionality of the remotely operated vehicle (ROV).

A. Hardware Implementation

The system consists of two primary modules: the

Transmitter Module and the Receiver Module. The

hardware implementation involved assembling and

integrating various electronic components.

Transmitter Module:

= An ESP32 microcontroller was used to process user
inputs from push buttons.

= The HC-05 Bluetooth module received depth data from
the receiver and sent it to the 16x2 LCD display for
real-time monitoring.

=  Wi-Fi communication was used to send control signals
to the receiver module.

Receiver Module:

= Another ESP32 was used to process commands
received from the transmitter.

= A motor driver (L298N) controlled two DC motors for
movement.

=  An ultrasonic sensor measured depth, and the HC-05
Bluetooth module sent this data to the transmitter.

= A rechargeable battery pack powered the system.

= All connections were properly soldered and tested for
stability before integrating the complete system.

B. Software Implementation

= The ESP32 microcontrollers were programmed using
Arduino IDE (C/C++).

*  Wi-Fi communication was established between the
transmitter and receiver for real-time data exchange.

* The Bluetooth module was configured for depth data
transmission.

= The LCD display was programmed to show real-time
depth readings.

=  Motor control logic was implemented to ensure smooth
and responsive movement based on user inputs.

C. Testing & Results

The system underwent multiple phases of testing to verify

functionality:

= Connectivity Test — Ensured stable Wi-Fi
communication between the transmitter and receiver.

= Sensor Calibration — Verified the accuracy of the



ultrasonic sensor for depth measurement.

=  Motor Control Test — Ensured proper response of the
DC motors to user commands.

= Range Test — Evaluated the operational range of Wi-Fi
and Bluetooth communication.

= Final Trial — Conducted a real-world test in a
controlled water environment to assess the overall
performance.

D. Mechanical Design (if applicable)

=  AutoCAD 2024 was used to create the 3D model and
layout of the ROV.

= The design included precise placement for electronic
components, motor housings, and waterproof casing.

=  The structure was tested using simulations and material
strength analysis to ensure durability.

Fig. 4. Front View

Fig. 5. Back View
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Fig.6. Left Side View

Fig.7. Right Side View
E. Mathematical Unification

The depth measurement is calculated using the time-of-
flight (ToF) principle of the ultrasonic sensor. The depth is
determined by:

Speed of Sound in Water x Time
Depth =

Since the ultrasonic sensor measures the total time for the
wave to travel to the seafloor and return, the division by 2
gives the actual depth.

Error Considerations

= Temperature Variations: The speed of sound in water
varies with temperature, salinity, and pressure (Del
Grosso, 1974). To improve accuracy, real-time
temperature compensation can be applied using sensors.

= Calibration: Sensor calibration using a controlled
depth environment ensures reduced error margins
(Kinsler et al., 1999).

= Interference & Noise: External environmental factors,
such as underwater currents and obstacles, may



introduce noise, requiring signal filtering techniques
(Richardson et al., 1995)

V. RESULT AND DISCUSSION
A. Experimental Result

The performance of the Remotely Operated Vehicle (ROV)
was tested under controlled conditions to evaluate its depth

measurement accuracy, communication reliability, and
movement efficiency.
i. Depth Measurement Accuracy - The ultrasonic

sensor recorded depth values with a mean deviation
of £3 cm from the actual depth, demonstrating high
accuracy
ii. Communication Reliability

=  ESP-NOW (Wi-Fi) was tested for real-time data
transfer between the transmitter and receiver
module. Data transmission was observed to be
instantaneous, with a latency of less than 10ms in
an open environment.

=  Bluetooth transmission of depth data from the
receiver to the transmitter was stable within a 10m
range but showed signal degradation beyond that
distance.

iil. ROV Movement & Response Time

= The ROV responded to movement commands
with an average delay of S0ms, ensuring near
real-time control.

= The DC motors operated efficiently, achieving a
maximum speed of 0.5 m/s in water.

B.  Performance Analysis

i. Depth Measurement Evaluation

= The calculated error was within an acceptable range
(<2.5%), making the system suitable for shallow-water
mapping applications.

= The sensor’s accuracy can be further improved with
real-time temperature compensation.

ii. Wireless Communication Performance

= ESP-NOW (Wi-Fi) showed superior performance for
real-time data transmission compared to traditional
Bluetooth-based control systems (Zhang et al., 2022).

= Bluetooth depth transmission was effective in short-
range applications, but signal loss was observed in
water with high interference.

iii. Battery Consumption and Power Analysis

The power consumption of the system was analysed based

on the voltage and current drawn by each module. The total

energy consumed is calculated using the standard power

equation: E=Pxt

Where,

E= energy consumed

t= time of operation.

Since power is given by P=V xI

Where, V= voltage

P= power consumption

I- current
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= ESP32 (Transmitter Module) operates at 3.3V, drawing
200mA (0.2A).
= ESP8266 (Receiver & Motor Control) operates at 5V,
drawing 500mA (0.5A).
= Total operating time per battery charge: 2 hours
Total Energy Consumption Calculation (considering
operation of two hours):
For the ESP32 (Transmitter Module): =
3.3V x 0.2A x 2h =1.32Wh
For the ESP32 + Motors (Receiver Module):
1.32Wh+ {9V x (1+1) A x 2h} =
37.32Wh
Total energy available is: 4 x 3.7V =14.8V
Available power = 14.8 x 2A = 29.6 W (as each batteries is
of 2000mah)

C. Challenges & Limitations

Signal Interference Issues

*  Wi-Fi communication was affected in enclosed
water bodies due to signal reflection.

u

= Bluetooth depth transmission degraded beyond
10m range, requiring a potential alternative like
LoRa or RF-based systems.

Power Limitations

=  The battery capacity limits the operational time of
the ROV, necessitating an optimized power
management system.

Environmental Constraints

=  The ultrasonic sensor’s accuracy is affected by
water turbidity and temperature variations.

= Future iterations can integrate pressure sensors for
improved depth measurement.

VI. FUTURE SCOPE

To enhance the capabilities of the proposed Remotely
Operated Vehicle (ROV), the following advancements
are suggested:

* Advanced Processing: Upgrade to more powerful
microcontrollers or embedded Al platforms for
real-time data processing and decision-making.

= GPS & IMU Integration: Implement GPS for
surface-level tracking and an Inertial Measurement
Unit (IMU) for better underwater navigation and
stability.

= Enhanced Sensor Suite: Incorporate SONAR
technology for detailed seabed mapping and high-
resolution cameras for real-time underwater
imaging and object recognition.

= Efficient Power Management: Explore the use of
renewable energy sources like solar-powered
charging stations or higher-capacity battery
systems for extended operational time.



=  Autonomous Navigation: Implement Al-based
path planning and obstacle avoidance to reduce
manual intervention and improve mapping
efficiency.

=  Wireless Data Transmission: Investigate the
feasibility of underwater acoustic modems or
LoRa-based communication for long-range,
interference-free data transmission.

VII. CONCLUSION

The developed ROV prototype demonstrates promising
capabilities in seafloor mapping with real-time depth
measurement and wireless communication. While the
system effectively performs underwater exploration, certain
limitations, such as signal interference, power constraints,
and sensor accuracy, highlight areas for further
improvement.

With continuous advancements in sensor technologies,
power management, and autonomous control, this project
can contribute to cost-effective, efficient, and scalable
marine exploration solutions. The study reinforces the
growing importance of ROVs in modern oceanographic
research, underwater surveying, and environmental
monitoring, paving the way for future innovations in marine
technology.
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Abstract— With heart disease being a leading risk factor
for death globally, there is an urgent need to develop faster
detection and intervention capabilities. The proposed
study suggests a comprehensive machine learning solution
for predicting heart ailment using a Kaggle dataset by
deploying a Support Vector Machine (SVM) model chest
with random optimization search cross validation
(RandomizedSearchCV) and measuring its accuracy
against KNN and Logistic Regression. The dataset was
preprocessed by addressing missing values, outlier
elimination, and feature scaling before feeding them into
the models. The proposed SVM model performance was
surpassed that of the other models in terms of accuracy
(97.98%) and sensitivity (94.17%) and specificity (100%).
This level of precision suggests that the SVM model is
indeed capable of distinguishing between patients
suffering from heart disease with effective ease, making it
a trusted model for healthcare practitioners. Furthermore,
Receiver Operating Characteristic curves were vetted,
wherein the precision of the SVM model was
comparatively analyzed against KNN and Logistic
Regression. This leading approach gives reasonable and
reliable heart disease prediction results which is extremely
beneficial for healthcare as it increases the diagnostic
accuracy level and enhances the overall patient experience.

Keywords—Heart disease, SVM, Optimization

I. INTRODUCTION

The World Health Organization (WHO) reports that
cardiovascular diseases (CVD) are responsible for around 17.9
million fatalities annually, which is deemed the world’s
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number one killer. These include coronary artery disease,
heart failure, and stroke. These diseases may evolve gradually,
leading to critical conditions or unexpected cardiac arrest.
Timely intervention and accurate risk assessment can greatly
minimize death rates, enhance clinical management, and
allocate healthcare services more effectively. Recent findings,
reveals that machine learning (ML) and deep learning (DL)
methods outperform traditional statistical models in heart
disease prediction.

Algorithms like logistic regression, Support Vector Machines
(SVM), Decision Trees, and Naive Bayes [4], Gradian
Boosting [9] have been found wuseful in predicting
cardiovascular  diseases (Theerthagiri et al, 202I;
Theerthagiri, 2022) [1][2]. SVM models are specific and
accurate and are able to process high dimensional data.
However, the problem with these models is that the
complexity of computation increases for larger datasets along
with not very high accuracy (Theerthagiri et al., 2022) [1][2].
Random Forest (RF) models have also been used because they
are strong and deal with missing data, obtaining 90% of CVD
prediction accuracy (Suleiman, et al., 2023)[3]. However, RF
models are expensive concerning computation power and
difficult to interpret when applied on extensive medical
datasets.

The effectiveness of CNNs in determining complex inter
dependencies in cardiovascular data is outstanding. Jain et al.
(2021) [5] have developed a CNN-based approach for heart
disease detection and achieved 90% accuracy. Hybrid models
like Deep Belief Networks (DBN) and SVM with Particle
Swarm Optimization (PSO) outperformed the accuracy of
previous models by over 92% (Mohan et al. 2019; Reddy et al
2020)[6][7]. Nonetheless, the high computational expense of



the models presents a problem that has to be addressed
through advanced optimization strategies.

An advanced method is the Adam optimizer, which uses
moment estimation of the first and second order of a gradient
to adjust the learning rate. This greatly enhances the speed of
convergence and the generalization capacity of models (Li et
al., 2021)[8]. Adam allows for greater flexibility than typical
gradient descent methods by avoiding problems such as
vanishing gradients and local minima, which is ideal for
medical datasets where variability is abundant (Rashid &
Akhtar, 2021)[10].

We present in this paper a heart disease prediction neural
network model with Adam optimization. This dataset comes
from Kaggle and comprises some major cardiovascular risk
factors — age, cholesterol, blood pressure, and
electrocardiographic data. The model is evaluated with
established machine learning models including logistic
regression, SVM, and Naive Bayes. The approach is examined
for performance in accuracy, sensitivity, specificity, F1 score,
and ROC curve analysis.

This paper gives a case for the importance of applying mid-
level neural networks and optimization methods to medical
prediction. The study illustrates the usefulness of neural
networks for the early identification of cardiovascular illness,
which significantly benefits our patients and mitigates the
financial strain of healthcare expenses.

II. MATERIAL AND METHODS
A. Material

CVD's dataset was collected from the Kaggle[11] and includes
both numerical and categorical features. The categorical
attributes are thal, restecg, ca, cp, and FBS. Sex, Age, chol,
thalach, exang, oldpeak, trestbps, and slope are numeric
attributes. Based on this information of the dataset, the pattern
that helps find people who are likely to get heart disease is
extracted. The dataset consists of 1025 rows and 13 columns,
where a record is represented by each row. The attributes are
listed in the table [1]

There are multiple important features in the dataset that can be
used to predict the presence of heart diseases. Age represents
the patients' years and Sex is classified as 1 for male and 0 for
female. Cp is used to signify the patient’s angina. Trestbps
denotes the patient's resting blood pressure (in mm Hg) at the
time of hospital admission, typically recorded as 120/80.
Slope is the peak-exercise slope and is classified into three
groups: up-sloping (1), flat (2), and down-sloping (3). Chol is
used to measure serum cholesterol, with triglycerides being
another type of blood lipid that has a threshold value of 170
mg/dL, however this value differs from laboratory to
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laboratory. Fbs is for fasting blood sugar above 120 mg/dL is
considered high (1: true), while the normal level is below 100
mg/dL, pre-diabetic range is from 100 to 125 mg/dL. Restecg
denote resting electrocardiogram results. Thalach is the
maximum heart rate, formulated by subtracting the age of the
patient from 220. Exang suggests angina pectoris caused by
physical exercise (1: yes), a condition in which there is pain in
the chest due to lack of blood to the heart. Oldpeak records the
level of ST depression in exercise loading and compares it
with resting stage, and depicts alteration in the ST segment.
Ca quantifies major vessels which have been highlighted by
fluoroscopy on a scale of 0 to 3. Thal denotes thalassemia,
categorized into three types: Normal (3), fixed defect (6), and
reversible defect (7). Lastly, Target (T) refers to the
classification variable where 1 means heart disease and 0
means no disease considering the results of angiography.

B. Distribution of the Data

Data distribution is a very important aspect to consider when
predicting an outcome or classification for a problem. For
instance, before building a predictive model for heart disease,
it is prudent to observe how some of the important features of
the data set are distributed. This helps to analyze the data for
underlying patterns, check for any possible bias, ascertain the
degree of skewness of the data, and understand factors that
may affect the model performance. Figure 1 reports that 51%
people suffer from heart disease while 41% are not suffering
from it in the dataset. The dataset needs to be balanced or else
it will result in overfitting. This will allow the model to
identify which features in the dataset contributes towards heart
diseases. Balancing the dataset is a good way to deal with the
overfitting problem. This will assist the model to recognize
heart disease features patterns in the dataset.

Heart Disease

Target

Normal

Fig 1. Percentage of normal and heart disease effected patient
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Fig. 2. Distribution Analysis

This visualization shows how each feature (age, blood
pressure, cholesterol, heart rate, ST depression, chest pain, and
thalassemia) that is most important to the model is distributed.
Figure 2 shows the data’s distribution, whether it follows the
normal distribution, is negatively skewed, or is positively
skewed.

The following values highlight the Skewness of Important
Features: age: -0.2485, trestbps: 0.7386, chol: 1.0725,
thalach: -0.5130, oldpeak: 1.2091, cp: 0.5286, thal: -0.5236.

Regarding Skewness Calculation, any skewness value
exceeding negative one and below one suggests highly skewed
data. Between -0.5 and 0.5 is in most cases skewed, while in
the range of -1 and 1 is classified as symmetrical data.

C. Methodology

This research uses a machine learning methodology to forecast
heart disease, and the data is collected from Kaggle. The
strategy comprises preprocessing, feature engineering, model
selection, training, and performance evaluation has been seen
in Fig. 3.

<=

Fig. 3. Block diagram of proposed model.
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In data sets, there may be many data that are either missing or
noisy. Pre-processing these data reduces the probability of
erroneous readings and improves the accuracy of predictions.
Smoothing, standardizing, and aggregating are all part of the
pre-processing segment. To maintain a certain degree of data
quality, missing values were removed from the data set.
Outliers were identified and removed through the Interquartile
Range (IQR) method to reduce their impact on the model
training. Lastly, all variables were normalized through Feature
Scaling and as a result, all variables received equal attention
from the model during the learning process.

1. Data Preprocessing

The dataset comprises multiple cardiovascular risk
indicators, including blood pressure, cholesterol levels, and
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electrocardiographic features. To inhance the model’s
performance, following preprocessing steps were applied

(i) Handling Missing Values: Any missing values in the
dataset were removed to ensure data consistency.

(i) Outlier Removal: Outliers in trestbps (resting blood
pressure) and chol (cholesterol level) were eliminated
by retaining values below the 99th percentile:

X=X [ Xfeature< QO499] (1)
where Qo.99 is the 99th percentile of the feature distribution.

(iii) Feature Scaling: To ensure uniform feature
contribution, StandardScaler was applied:

Xscaled=(X—p)/o (2)

where p represent the mean and o denotes the standard
deviation of each charecteristic.

2. Dimensionality Reduction Using PCA

Principal Component Analysis (PCA) was employed to
diminish the feature space while retaining 95% of the
variance:

XPCA =XW,

where W is the transformation matrix consisting of the top
principal components.

Feature Ensemble: A training dataset comprising continuous
and categorical data is represented as a feature vector.
Important attributes are selected for each node in the model.

F={f1,12,.....,fn},
where f1=Age, f2= Sex and so on.
3. Model selection and Training

The dataset was divided into training (80%) and testing
(20%) subsets using stratified sampling to preserve class
distribution.

(Xtrain, Xtest, ytrain, ytest) =
train_test split(X,y,test size=0.2, stratify=y) 3)

Support Vector Machine (SVM) with Hyperparameter
Tuning

Support Vector Machines (SVM) are robust supervised
learning models employed for classification and regression
tasks. SVM operates by identifying an ideal hyperplane that
maximizes the margin between distinct classes in the feature
space. The decision boundary is determined by a subset of



training samples known as support vectors, which contribute
to the model’s decision-making process.

For non-linearly separable data, a soft-margin SVM is used,
introducing a slack variable &; to allow misclassification:

1
min_ [wlI? + CZiLo& )
subject to:
yiw'xitb)>=1-§;,§ > 0 )

where C is a hyperparameter that regulates the balance
between maximizing the margin and minimizing classification
errors. Kernel functions are employed to transform non-
linearly separable data into a higher-dimensional space,
enabling the identification of a linear separator.

4. Hyperparameter Optimization using randomizedSearchCV

For improving the predictive capabilities of the SVM model,
hyperparameter tuning plays an indispensable role.
RandomizedSearchCV completes this task with utmost
efficiency and minimal human intervention. In
hyperparameter tuning, the most important values to adjust are
C (Regularization Parameter) which controls the trade-off
between error and margin; smaller value of C means more
misclassification but larger margin and vice versa increases
errors but reduces margin allowing for some overfitting.
Additionally, C can also be divided into Kernel Type that
enables the transformation of data (linear, polynomial, or
RBF) and Gamma (y) in RBF as well as polynomial karns
which indicates the power of individual data points. Instead of
GridSearchCV which optimally combines all hyperparameters
and faile, RandomizedSearchCV simply combines some and
has proven to be more effective as it reduces computational
cost. First, hyperparameter values are randomly selected
before training the SVM model. Each combination gets further
evaluated by utilizing 10-fold cross-validation for
performance. Each model is then compared using accuracy to
determine the most optimal.

5. Final Model Selection and Evaluation

The best SVM model obtained from our proposed model is
used for prediction. Performance is evaluated using key
metrics such as Accuracy, Recall (Sensitivity), Specificity,
F1 Score, and ROC Curve with AUC Score to assess the
model's effectiveness.The final results are compared with
other models (KNN, Logistic Regression), and an ROC curve
is plotted to visualize classification performance.
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III. RESULT AND DISCUSSION

To better compare these models' performance, we can create a
table showing their accuracy, sensitivity, specificity, F1 score,
and incorporate ROC (Receiver Operating Characteristic)
curve values (assuming you have AUC—Area Under the
Curve values for the ROC, which are commonly used to
compare model performance).

let's organize the existing performance metrics into a table:

TABLE I: COMPARISON OF PERFORMANCE

Metric Proposed model = Logistic Regression = KNN
Accuracy 0.9798 0.8643 0.8342
Sensitivity 0.9417 0.8738 0.8252
Specificity 1.0000 0.8542 0.8438

F1 score 0.97 0.8696 0.8374
AUC 0.9803 0.9211 0.9520

The performance of the suggested model was assessed using
the metrics of accuracy, sensitivity, specificity, and F1 score.
The proposed model attained an accuracy of 97.98%, with a
sensitivity of 94.17%, specificity of 100%, and an F1 score of
0.97. The ROC curve for the model exhibited an Area Under
the Curve (AUC) of 0.98, demonstrating strong classification
ability. In comparison, the Logistic Regression model
achieved an accuracy of 92.11%, the KNN reached 95.2%.
The proposed method’s superior performance can be
attributed to its ability to model complex relationships in the
data, especially after Hyperparameter Optimization using
randomizedSearchCV.

The results confirm that the proposed algorithm, particularly
when  optimized using advanced techniques like
Hyperparameter Optimization, outperform traditional machine
learning models in predictive accuracy and generalization
ability for heart disease prediction. Further improvements
could be achieved by experimenting with different network
architectures and optimizers.

ROC Curve Comparison

1.0 P J—

Fig 4: ROC Curve

The Proposed model achieved an AUC of 0.98, demonstrating
its effectiveness in classification than existing model.



IV. CONCLUSION

Using RandomizedSearchCV, the optimal SVM model is
selected, ensuring improved accuracy and generalization. This
method efficiently finds the best combination of C, Kkernel,
and gamma, making it computationally efficient compared to
exhaustive grid searches. The optimized SVM model achieves
better performance in heart disease prediction compared to
default hyperparameters, demonstrating the importance of
systematic hyperparameter tuning. It overcome local optima
solution to provide accurate result.

The study demonstrates the efficacy of machine learning
models, particularly Support Vector Machines (SVM), in
predicting heart disease with high accuracy. By utilizing a
Kaggle dataset and implementing RandomizedSearchCV for
hyperparameter optimization, the SVM model achieved
superior performance compared to KNN and Logistic
Regression, with an accuracy of 97.98%, sensitivity of
94.17%, and specificity of 100%. The integration of advanced
preprocessing techniques, including handling missing values,
outlier removal, and feature scaling, significantly enhanced
model reliability. Additionally, Principal Component Analysis
(PCA) reduced feature space complexity while preserving
essential data variance.

The study highlights the significance of systematic
hyperparameter tuning and the use of optimized models in
improving diagnostic accuracy, which can aid healthcare
professionals in early heart disease detection and intervention.
Future research could explore alternative network
architectures and optimizers to further enhance predictive
accuracy and generalization. It overcome local optima solution
to provide accurate result.

This approach not only improves diagnostic accuracy but also
contributes to cost-effective healthcare management by
enabling timely and accurate risk assessment.
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Abstract- Thyroid cancer is among the most common
endocrine cancers, and early detection is important in
enhancing patient prognosis. Conventional diagnostic
techniques like biopsies and imaging scans are costly and
out of reach, especially in rural India. This paper suggests
an Internet of Things (IoT)-based detection approach to
thyroid cancer, using Artificial Neural Networks (ANN)
and Logistic Regression (LOR) to analyze data. By using
IoT technology for real-time data acquisition and
machine learning models to analyze thyroid hormone
levels, ultrasound scans, and demographic variables, the
approach is designed to offer a cost-effective, scalable,
and accessible early detection solution. The system is
particularly tailored to meet the specific challenges of the
Indian healthcare system, such as limited access to
medical centers, high diagnostic fees, and low awareness.

Keywords: Thyroid Cancer, Internet of Things (IoT),
Artificial Neural Networks (ANN), Logistic Regression
(LOR, Healthcare system

I. INTRODUCTION

Thyroid carcinoma, and more so papillary thyroid
carcinoma, grew consistently across the globe, with India
experiencing a growing incidence rate. The Indian
healthcare system is not without problems concerning early
detection, though, in that it is challenged by the lack of
access to medical centers, the cost of diagnosis, and
awareness, particularly in rural settings. Although
conventional practices like biopsies and imaging
diagnostics are effective (1), they prove too costly and
labor-intensive to become widespread throughout India. An
IoT-based thyroid cancer detection system incorporating
sophisticated machine learning algorithms(2) like Artificial
Neural Networks (ANN) and Logistic Regression (LOR) is
presented as a possible solution in this paper. The system
based on IoT will be continuously tracking the health
records of patients, such as thyroid hormone levels and
ultrasonography images, and the machine learning
algorithms will forecast thyroid cancer risk.

Cancer patients need round-the-clock monitoring, repeated
treatment, and specialized medical care. The present
healthcare system is not equipped with round-the-clock
monitoring facilities. As the incidence of cancer is
increasing, current treatment methods are still expensive,
time-consuming, and involve frequent visits to specialized
medical facilities, which are in short supply and hard to
access. This clearly indicates the pressing need for an
ubiquitous, inexpensive, and uninterrupted cancer
monitoring and treatment solution.

Even physicians have a hard time diagnosing cancer in the
initial stages due to comparable symptoms and limited data
from short patient visits (3). This has been facilitated by
advancements in next-generation intelligent systems and
the Internet of Things (IoT) (4). The massive growth of IoT
has been made possible by ubiquitous computing and is
now a propelling force across various fields, including
medicine.
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This is particularly beneficial for patients with deteriorating
medical conditions. This article proposes an IoT-based
thyroid cancer detection system as a defensive measure to the
current reactive system. The proposed system provides
continuous remote monitoring through IoT-supported
wearable devices, which transfer real-time patient data to
healthcare centers (5). This uninterrupted stream of
information enables medical professionals to establish an in-
depth health history of each patient, ensuring improved
treatment and long-term care.

II. BACKGROUND AND RELATED WORKS

It has been investigated through one study that machine
learning can identify the presence of BRAF mutations in
thyroid cancer nodules using ultrasonic images of 96 thyroid
nodules. Random Forest (RF), Logistic Regression (LR), and
Support Vector Machines (SVM) models were utilized and
had a classification accuracy of more than 60%. Another
research utilized Fine Needle Aspiration (FNA) and
ultrasonic characteristics to minimize false-negative results
for thyroid cancer, where the RF model performed better than
Gradient Descent and Decision Trees (DT). Logistic
Regression and LASSO models were also utilized to detect
malignant thyroid nodules from ultrasonic characteristics with
the RF model being over 80% accurate (6).

In another study, a number of machine learning algorithms
were used to thyroid disease data with 84% accuracy using an
extra tree classifier. Another study utilized SVM and had an
accuracy rate of 83.37% for the detection of thyroid diseases,
and the model was able to distinguish between four different
thyroid conditions. The Machine Learning Tool for Thyroid
Disease Diagnosis (MLTDD) was brought forth, with a
remarkable accuracy of 98.7%.

More research added deep learning and machine learning
models to prediction operations. For example, predictive
capabilities were achieved using deep learning techniques
such as Deep Neural Networks (DNN) to predict thyroid
disecase at 99.95% accuracy. Comparative performance
analysis among different machine learning models such as
RF, DT, ANN, and KNN indicated RF best with 94.8%
accuracy. Moreover, a ResNet architecture based on deep
learning reached 94% accuracy for image-based thyroid
classification using a Stochastic Gradient Descent optimizer

().

Other research, such as Extra Tree Classifiers, obtained a
99% accuracy through the use of feature engineering and
machine learning feature selection. A multi-kernel SVM in
predicting cancer and thyroid disease yielded 97.49%
accuracy (8). Other high-performing strategies were
XGBoost, which was 0.02% higher than KNN, and machine
learning algorithms coupled with Recursive Feature
Elimination (RFE), which achieved 99.35% accuracy.

Even with the advances, there remain prediction gaps for
thyroid disease. Most studies utilize small datasets, which
restricts generalizability. Furthermore, some only deal with
disease detection and not with its type (9). Another prevalent
problem is dataset imbalance, which might result in biased or
overfitted models and more false positives for minority



classes. Also, while the optimization of features is
highlighted, model tuning tends to be neglected, resulting in
less effective outcomes.

This research seeks to correct such loopholes by targeting
hyperparameter optimization with the use of the
Differential Evolution (DE) algorithm, which is more
effective compared to conventional tuning techniques. The
approach is to utilize a Kaggle dataset with 25 target
classes, but the experiment only takes the top 10 classes
because of the number of samples. To balance the data, the
CTGAN augmentation method is utilized, creating samples
for the minority classes (10). The data is divided into
training and test sets, 80% for training and 20% for testing.
Label encoder is employed to transform data into a
numerical representation before it is sent to machine
learning models. The DE algorithm is then used for
hyperparameter  tuning to identify the optimal
configurations. Lastly, the models are compared based on
accuracy, precision, recall, F1 score, and confusion matrix.

III. LITERATURE REVIEW

The thyroid disease data set used for this research comes
from the Kaggle repository, which has grown to become a
leading data-sharing platform and resource for machine
learning research. The data set has 384 samples each with
31 unique features capturing different thyroid-related
conditions. They consist of various data types such as float,
boolean, string, and integer, mirroring the variability in
information needed for thyroid disease classification and
diagnosis.

Thyroid diseases are often classified into several target
classes, with the dataset containing different classes: °-’,
‘Hx Smoking’, ‘Hx Radiothreapy’, ‘Thyroid Function’,
‘Physical ~Examination’, ‘Adenopathy’, ‘Pathology’,
‘Focality’, ‘Risk’, “T’, ‘N’, ‘M’, ‘Stage >, ‘Response’,
‘Recurred’, ‘Nodule Size (mm)’, ‘Nodule Shape’, ‘Nodule
Margin’, ‘Nodule Echogenicity’, ‘Nodule Calcification’,
‘Nodule Blood Flow’, ‘TSH (mIU/L)’, ‘T3 (ng/dL)’, ‘T4
(ng/dL)’, ‘BRAF Mutation Status’, ‘Family History
of Thyroid Cancer’. These classes represent different states
of health conditions and diagnoses associated with thyroid-
related disorders. This is a typical issue in classification
problems since it can affect the accuracy and generalization
capacity of machine learning models.

TABLE I: THE PART OF THE DATASET
CONTAINING THE RISK FACTORS, MARKERS AND
STAGING AND PROGNOSIS
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A. Risk Factors
Hx Smoking & Hx Radiotherapy

Smoking has been associated with the risk of thyroid
dysfunction but not directly with thyroid cancer. There are
some reports that smoking might change thyroid hormone
metabolism and immune function, and thus affect cancer risk.
In contrast, exposure to radiation, especially in childhood, is a
confirmed risk factor for thyroid cancer, especially papillary
thyroid carcinoma (PTC). DNA damage caused by radiation
can result in genetic mutations, including RET/PTC
rearrangements, leading to malignancy.

Family History of Thyroid Cancer

A family history of thyroid cancer is a significant risk factor,
especially for medullary thyroid carcinoma (MTC) with
hereditary syndromes such as multiple endocrine neoplasia
type 2 (MEN2). Germline mutations in the RET proto-
oncogene are a major increase in susceptibility.

B. Diagnostic Markers
Thyroid Function

Thyroid function tests such as thyroid-stimulating hormone
(TSH), triiodothyronine (T3), and thyroxine (T4) levels are
important in the evaluation of thyroid nodules. Elevated TSH
levels have been correlated with malignancy risk.

Physical Examination & Adenopathy

Physical examination is still a fundamental initial diagnostic
process. Nodules that can be palpated, lymphadenopathy, and
rapid growth can indicate malignancy. Cervical
lymphadenopathy is especially important in advanced cases.

Ultrasonographic Features of Nodules

Nodule features, such as size, shape, margin, echogenicity,
calcification, and vascularity, are important in determining
malignancy risk. Unusual margins, hypoechogenicity,
microcalcifications, and hyperemia have been correlated with
increased malignancy rates.

C. Genetic and Molecular Markers
BRAF Mutation Status

The BRAF V600E mutation is the most frequent genetic
mutation in PTC and is related to aggressive behavior of the
tumor, recurrence, and resistance to radioactive iodine
treatment. Mutation testing for BRAF supports risk
stratification and treatment decisions.

D. Staging and Prognosis
Tumour Staging (T, N, M, Stage)

TNM (Tumour, Node, Metastasis) staging is the most
common staging system used for thyroid cancer. Size of the
tumour (T), spread to lymph nodes (N), and metastasis to
distant organs (M) have a great influence on prognosis. The
prognosis worsens with higher stages.

Response and Recurrence



Treatment response is classified as excellent, biochemical
incomplete, structural incomplete, and indeterminate
response. Recurrence varies based on the original tumor
features, involvement of lymph nodes, and molecular
characteristics.

In general, the pre-processing operations and prudent
feature selection are essential to enhance model
performance and overcome the obstacles presented by an
imbalanced dataset. For the case of classification of thyroid
disease, evaluation of feature importance is important in
defining the ideal number of features to be used in effective
diagnosis and prediction.

E. Cancer in the Indian Context

Thyroid cancer is an emerging public health problem in
India. Studies indicate increasing incidence of thyroid
disease resulting from lifestyle changes, environmental
factors, and genetic predisposition (Singh & Sharma, 2022).
Lack of early warning signs, coupled with the fact that no
mass screening programs exist, accounts for delayed
detection and increased mortality. The current diagnostic
methods are largely founded on blood work (TSH, T3, T4),
ultrasound scanning, and FNAC, which, although accurate,
are invasive and require clinical visits. Non-invasive, real-
time monitoring methods are a priority, particularly in rural
areas where access to medical care is low.

Class Description
Hx Smoking History of smoking, a
potential but

inconclusive risk factor
for thyroid cancer.

Hx Radiotherapy History of radiation
exposure, a  well-

established risk factor.

Includes TSH, T3, and
T4 levels, essential for
evaluating thyroid
activity.

Thyroid Function

Clinical assessment
including palpation of
nodules and
lymphadenopathy.

Physical Examination

Adenopathy Presence of lymph node
enlargement, often
indicating advanced
disease.

Risk Stratification of
malignancy likelihood

based on clinical and
molecular factors.
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T (Tumor Size) Part of TNM staging,
assessing primary
tumor dimensions.

N (Lymph Node | Evaluates the spread to

Involvement) regional lymph nodes.

M (Metastasis) Indicates distant spread
of thyroid cancer.

Stage Overall stage
classification of the
cancer based on TNM
criteria.

Response Categorization of post-
treatment response.

Recurred Indicates whether the
cancer has returned
after treatment.

Nodule Size (mm) Measurement of the
thyroid  nodule in
millimeters.

Nodule Shape Assessment  of  the
shape for malignancy
risk stratification.

Nodule Margin Evaluation of
margins—irregular
margins are more likely
malignant.

Nodule Echogenicity Level of echogenicity

seen in ultrasound;
hypoechoic nodules
have higher malignancy
risk.

Nodule Calcification Presence of
microcalcifications
linked to higher
malignancy rates.

Nodule Blood Flow Increased  vascularity
may indicate
malignancy.

TSH (mIU/L) Higher levels  are
associated with

increased cancer risk.

T3 (ng/dL)

Helps assess thyroid
hormone activity.




T4 (ng/dL) Critical in diagnosing

thyroid dysfunction.

of BRAF
V600E mutation,
indicating  aggressive
tumour behaviour.

BRAF Mutation Status Presence

Nodule Increased vascularity may indicate
Blood malignancy.

Flow

TSH Higher levels are associated with
(mlU/L) | increased cancer risk.

T3 Helps assess thyroid hormone activity.
(ng/dL)

T4 Critical in diagnosing thyroid
(ng/dL) dysfunction.

BRAF Presence of BRAF V600E mutation,
Mutation | indicating aggressive tumour behaviour.
Status

Family Genetic predisposition influencing cancer
History risk.

of

Thyroid

Cancer

Family History of | Genetic predisposition
Thyroid Cancer influencing cancer risk.

TABLE II. CLASSIFICATION TABLE

Thyroid cancer diagnosis and prognosis rely on a
multifactorial approach, integrating clinical history,
imaging, biochemical markers, and molecular genetics.
Future research should focus on refining risk stratification
and developing targeted therapies to improve patient
outcomes.

lot-Based Methods in Disease Detection

IoT-enabled smart healthcare systems have been used for
the diagnosis of various cancers, including breast, lung, and
colorectal cancer, through wearable biosensors and cloud
computing. Physiological and biochemical sensors are
integrated in these systems to collect patient data, which is
analysed with Al-based models for diagnosis. Current
studies have elucidated the application of [oT in thyrotroph
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hormone monitoring using wearable sensors to ensure early
diagnosis and continuous evaluation of thyroid activity (11).

IoT-based healthcare models are normally composed of three
prominent sections:

Data Acquisition Layer (Smart sensors, smart diagnostic kits)

Processing Layer (Cloud computing, edge computing, Al
models)

Application Layer (User interfaces, mobile apps, hospital
monitoring systems)

These elements, coupled with Al-based predictive models,
enhance diagnostic performance, reduce the need for invasive
testing, and facilitate remote observation of thyroid patients

Mol A A A A s

Neural Network Architecture

Artificial Neural Networks (ANN) In Medical Diagnosis

Artificial Neural Networks (ANN) are widely used in medical
diagnosis due to their ability to detect complex patterns in
large amounts of data. ANN models are able to screen thyroid
function test results, ultrasound images, and genetic markers
to provide predictions regarding thyroid cancers. Different
studies have established that ANN models are more precise
than conventional statistical techniques in detecting thyroid
diseases (12).

A perfect ANN model for the detection of cancer in thyroid
cancer comprises:

Input Layer: Information about the patient (biochemical,
clinical, and genetic data)

Hidden Layers: Feature extraction and pattern recognition

Output Layer: Classification of the tumor (malignant or
benign)

These models, if trained with big data, increase the efficacy
of thyroid cancer detection since they learn from known cases
and identify patterns between different biomarkers.

Logistic Regression (LOR) For Cancer Classification

Logistic Regression (LOR) is among the prevalent statistical
models used in medical diagnosis, particularly in binary
classification scenarios like cancer detection. LOR establishes



whether a patient is likely to have thyroid cancer or not
based on independent clinical variables, for instance,
hormone levels, nodule sizes, and family history. LOR,
unlike ANN, which can be accessed as a black-box model,
gives interpretable output and therefore is used in clinics
where explainability is of prime importance (11).

Comparative analyses between LOR and ANN for thyroid
cancer detection indicate that while ANN models are
superior in terms of accuracy, LOR remains beneficial as it
is interpretable and simpler. Hybrid approaches of recent
times, combine the two methods to leverage ANN's pattern
recognition strengths and LOR's statistical accuracy for
better prediction (1).

IV. METHODOLOGY
A. Data Collection

To develop an IoT-based detection system for thyroid
cancer, patient data was collected from multiple healthcare
facilities in India, including hospitals, diagnostic centers,
and government health databases. The dataset consists of
patient demographics, clinical features (e.g., TSH, T3, T4
levels), ultrasound imaging reports, and genetic markers
when available. Ethical clearance was obtained, and patient
confidentiality was maintained following HIPAA and
GDPR compliance standards.

B. IoT Framework Implementation

An JoT framework was designed to collect and transmit
real-time patient health data. The framework includes:

e  Wearable Sensors: Collect real-time vitals like
temperature, heart rate, and metabolic rate.

e  Cloud-based Database: A secure database stores
sensor data and medical history.

e FEdge Computing Devices: Preliminary data
processing is done on IoT edge devices to reduce
latency.

e Mobile Application: A patient-doctor interface
provides real-time alerts and monitoring.

C. Preprocessing and Feature Selection

Collected data was preprocessed to remove inconsistencies,
missing values, and outliers. Feature selection techniques
such as Principal Component Analysis (PCA) and
Recursive Feature Elimination (RFE) were used to identify
the most relevant parameters for thyroid cancer detection.

D. Model Development
Two machine learning models were implemented:

e Artificial Neural Networks (ANN): A deep
learning approach using a multi-layer perceptron
(MLP) to classify thyroid cancer.
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o Logistic Regression (LOR): A statistical model for
binary classification (benign vs malignant tumors).

(i) ANN Model Implementation

e  Architecture: Multi-layer Perceptron (MLP) with
three hidden layers.

e Activation Function: ReLU for hidden layers and
Softmax for output layer.

e  Optimizer: Adam optimizer with a learning rate of
0.001.

e  Loss Function: Cross-entropy loss.

e Training: Dataset split into 80% training and 20%
testing using k-fold cross-validation.
TABLE III. DEFINING THE MODEL
Accuracy of the Neural Network
Confusion Matrix

50

40

5
L41]
aa]
) - 30
=
=
- -20
[ =
2
=] 17 5
3 -10
-0
Benign Malignant

Predicted

Confusion Matrix
(ii) Logistic Regression Model Implementation
e  Features normalized using MinMax scaling.
e  Model trained using gradient descent optimization.

e Evaluation based on accuracy, precision, recall, and
Fl-score.

E. Model Evaluation and Comparison
Both models were evaluated using:
e Accuracy: Percentage of correct predictions.

e Precision & Recall:
malignant cases.

Measures for detecting



e ROC-AUC Curve: Performance comparison of
ANN and LOR.

The accuracy and precision of the model is further
described in details in the result and discussion section of
the paper.

F. Deployment and Real-time Testing

The optimized model was integrated into the IoT
framework, where real-time patient data was continuously
analyzed. Alerts were generated for anomalies detected in
thyroid function, providing immediate notification to
healthcare providers.

G. Challenges and Future Scope

computational
healthcare

e Challenges: Data scarcity,
constraints, and variability in
infrastructure across India.

e Future Scope: Expanding datasets, improving
model accuracy with hybrid Al techniques, and
implementing blockchain for secure data
transmission.

This methodology ensures an efficient, real-time, and
scalable approach for early thyroid cancer detection in India
using [oT and Al-driven techniques.

V. RESULTS AND DISCUSSION

This section will give an overview of the performance of
the IoT-based thyroid cancer detection system. The ANN
and LOR models' performance will be analysed in terms of
accuracy, sensitivity, specificity, and area under the curve
(AUC). We will analyze the performance of the models
compared to conventional diagnostic techniques.

Table — 4: Testing & Training Accuracy of Different
Models

The performance of different machine learning classifiers
was evaluated based on training accuracy, testing accuracy,
precision, recall, and Fl-score. The results show varying
levels of classification performance, with some models
achieving near-perfect training accuracy but differing in
generalization to the test data.

e Gaussian NB achieved a testing accuracy of
89.61%, but its recall for class 1 (63%) suggests
difficulty in correctly identifying positive cases.

o DecisionTreeClassifier = demonstrated 100%
training accuracy and 93.51% testing accuracy,
indicating a possible overfitting issue.

e KNeighborsClassifier performed similarly to
GaussianNB, with 89.61% test accuracy, but with
a lower recall (63%) for class 1.

e RandomForestClassifier stood out with 97.40%
test accuracy, showing strong classification
ability across both classes.
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o LogisticRegression and AdaBoostClassifier both
reached 94.81% test accuracy, with AdaBoost
providing more balanced recall and precision.

e XGBClassifier had one of the best performances,
with 100% training accuracy and 96.10% testing
accuracy, indicating strong generalization.

1. Overfitting in Certain Models

o DecisionTreeClassifier,
RandomForestClassifier, and
XGBClassifier achieved 100% training
accuracy, indicating they have perfectly
memorized the training data.

o Despite this, RandomForest and
XGBClassifier showed strong
generalization with high test accuracy
(97.40% and 96.10%, respectively).

2. Balanced Performance of Boosting Models

o AdaBoostClassifier and XGBClassifier
performed well, achieving high precision,
recall, and F1-scores.

o AdaBoost balanced precision and recall
for both classes, making it robust in
scenarios with class imbalances.

3. Performance of Traditional Models

o GaussianNB struggled with low recall
(63%) for class 1, suggesting it failed to
detect a significant portion of positive
cases.

o Logistic Regression performed well
(94.81% test accuracy) and provided good
generalization.

4. Best Performing Models

o RandomForestClassifier (97.40% test
accuracy) and XGBClassifier (96.10%
test accuracy) were the top models in
terms of both accuracy and class balance.

o AdaBoostClassifier also showed strong
performance with 94.81% accuracy and
a balanced recall.

"1 RandomForestClassifier, XGBClassifier, and
AdaBoostClassifier demonstrated the best performance in
this classification task.

| DecisionTreeClassifier exhibited overfitting, which
could be addressed with pruning or hyperparameter tuning.
_J GaussianNB and KNeighborsClassifier struggled with
recall for class 1, making them less suitable for this dataset.

This part will present the viability of deploying the IoT-based
system in rural India with respect to factors such as cost,



scalability, and infrastructure needs. The opportunities for
enhancing early thyroid cancer detection accessibility will
be investigated, together with the consequences on patient
outcomes.

Training and validation accuracy
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Graphs representing Accuracy and Loss

The training and validation performance of the model is
depicted in the accuracy and loss graphs.

e Training and Validation Accuracy (Left Graph)
The training accuracy consistently improves over
epochs, reaching close to 100%. However, the
validation accuracy plateaus around 87-90%,
indicating that while the model performs
exceptionally well on the training set, its
performance on unseen data does not improve
beyond a certain threshold.

e Training and Validation Loss (Right Graph)
The training loss decreases steadily, showing
continuous learning and optimization. However,
the wvalidation loss initially decreases but then
starts increasing after a certain point, suggesting
potential overfitting. This is a classic indication
that the model is learning the training data too well
but failing to generalize effectively to new data.

The observed trend suggests that the model might be
overfitting. Overfitting occurs when a model memorizes
training data rather than learning general patterns, leading
to poor generalization on unseen data. This can be
identified by the widening gap between training and
validation accuracy and the increasing validation loss
despite decreasing training loss.

Several strategies could be implemented to mitigate
overfitting:

1. Regularization Techniques: L1/L2 regularization
or dropout can help prevent over-reliance on
specific features and improve generalization.

2. Data Augmentation: Increasing the dataset size
through transformations can improve robustness.
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3. Early Stopping: Monitoring validation loss and
stopping training when it starts increasing could
prevent overfitting.

4. Hyperparameter Tuning: Adjusting learning rates,
batch sizes, and network architectures may optimize
model performance.

Overall, while the model exhibits excellent learning
capability, steps should be taken to improve its ability to
generalize, ensuring reliable predictions on new data.

The table presents the performance metrics (Accuracy,
Precision, Recall, and Fl-score) for different classification
models evaluated on a dataset with a support size of 77.
Among the models tested:

e The Gaussian Naive Bayes (Gaussian NB) model
shows the poorest performance with an accuracy of
28.57%, significantly lower than other classifiers.

e Several models, including Decision Tree Classifier,
K Neighbours Classifier, Random Forest
Classifier, Logistic  Regression, AdaBoost
Classifier, XGB Classifier, and Neural Network,
all exhibit identical accuracy of 71.43% and similar
precision, recall, and F1-score values.

e The LGBM Classifier outperforms all other models,
achieving the highest accuracy of 77.92%, the
highest precision of 83.13%, and an improved F1-
score of 72.44%.

The results indicate that LGBM Classifier (Light GBM) is
the best-performing model in this comparison. The higher
accuracy and precision suggest that it is better at correctly
classifying positive cases while minimizing false positives.
Additionally, the increased recall and F1-score confirm that it
balances precision and recall more effectively than other
models.

A few key observations:
1. Gaussian NB’s Poor Performance

o The low accuracy (28.57%) indicates that
the assumption of feature independence in
Naive Bayes does not hold well for this
dataset.

2. Consistent Performance Across Multiple Models

o Decision trees, random forests, logistic
regression, AdaBoost, XGBoost, and neural
networks all achieved 71.43% accuracy.
This suggests that the dataset might not be
complex enough for more advanced models
to significantly outperform traditional ones.

3. LGBM Classifier’s Superior Performance



o Light GBM's boosting mechanism and

ability to handle complex patterns
efficiently contribute to its better
accuracy (77.92%).

o It also achieves a much higher precision
(83.13%), indicating fewer false
positives.

LGBM Classifier demonstrated the best overall
performance in terms of accuracy, precision, recall, and F1-
score, making it the most suitable model for this
classification task. However, further improvements could
be achieved by:

e Hyperparameter tuning to optimize other models
for better performance.

o Feature selection or engineering to identify the
most important variables contributing to
classification.

e Ensemble learning to combine models and
potentially improve performance further.

Overall, this analysis highlights that boosting-based
algorithms like LGBM Classifier can be highly effective
for classification tasks, outperforming traditional machine
learning models.

VI. CONCLUSION

The integration of IoT-based detection systems with Al
models such as ANN and LOR can be a breakthrough in
thyroid cancer detection in India. These technologies ensure
a real-time, non-invasive, and highly sensitive technique for
early diagnosis, filling crucial gaps in traditional methods.
While issues persist, research and development in
intelligent healthcare technology guarantee a future where
ToT-based cancer detection is more efficient and accessible,
particularly in resource-poor settings.

The suggested IoT-based detection approach, combined
with ANN and LOR, presents a promising solution to the
problem of thyroid cancer diagnosis in India. With
continuous monitoring and real-time evaluation of thyroid
biomarkers, the system has the potential to minimize
diagnostic expenses significantly, enhance accessibility,
and enable early detection. This solution, based on IoT and
machine learning, is cost-effective and scalable and can
potentially revolutionize cancer care in underprivileged
areas.

Challenges And Future Prospects

While IoT and Al-based thyroid cancer diagnosis has made
dramatic advancements, there remain some issues:

Data Standardization and Quality: IoT sensors generate
enormous amounts of data, which require standardized
formats to be translated into clinical databases.

Security and Privacy Concerns: IoT-based healthcare
systems must comply with data privacy regulations such as
HIPAA and GDPR to guarantee the safety of patient data.
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Internet of Things Adoption in Rural India: Urban health
centers are equipped with advanced diagnostic machines,
while rural areas lack the infrastructure to implement IoT at a
large scale.

Future research would be focused on developing low-cost [oT
devices, improving the accuracy of Al algorithms, and
integrating loT with telemedicine platforms to enhance
thyroid cancer diagnosis across various populations.
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Abstract— The implementation of a Facial Recognition
System can aid in identifying or verifying a person's
identity from a digital image. Accurate attendance
records are vital to classroom evaluation. However,
manual attendance tracking can result in errors, missed
students, or duplicate entries. The adoption of the Face
Recognition — based attendance system could help
eliminate the short comings. This innovative approach
involves utilizing a camera to capture input images,
detecting faces using algorithms such as Haarcascade,
Eigen values, support vector machines, or the Fisher face
algorithm, verifying the faces against a database of
student profiles, and marking attendance in an Excel
sheet. The use of OpenCV, an open-source computer
vision library, ensures the efficient functioning of the
system. The proposed model involves training the
system with the authorized students' faces to create a
database. The system crops and stores the images in a
database with corresponding labels and extracts features
using algorithms such as LBPH, Haarcascade, Eigen
values, support vector machines and Fisher face
algorithm. The Face Recognition based attendance
system could help automate attendance records with high
accuracy and reduce the burden of manual attendance
tracking.

Keywords: OpenCV, LBPH, HaarCascade.
I. INTRODUCTION

Face recognition-based attendance system utilize
biometric technology to identify and verify individuals
based on their facial features. These systems offer a more
secure, efficient, and accurate way to manage attendance
compared to traditional methods such as manual roll calls
or swipe cards. The technology involves capturing an
image of the person’s face, analyzing it, and then
comparing it to store data base of facial images for
identification and verification purposes.

In educational institutions, attendance is a critical part
of daily classroom evaluation, but teachers may miss
students or record multiple entries. This leads to data
inconsistencies, which can be resolved with the face
recognition -based attendance system. The objective of
this paper is to offer a simple and automated system for
recording and tracking student attendance. The system
compares the face of the person with the images
stored in the dataset to mark attendance. This paper aims
to make the attendance process faster and more accurate.
With the increased use of image-capturing devices
such as smartphones and CCTV cameras, the need for
computational analysis of multidimensional facial
structures has become more important.

II. RELATED WORK

This paper examines various attendance and monitoring
tools currently used in the industry, which are mostly
automated but are still prone to errors. A new
attendance system that combines state-of- the-art
methods and advances in deep learning is proposed.
The system utilizes a smaller number of face images
and a proposed method of augmentation to achieve high
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accuracy. Automated Face  Recognition has
revolutionized the way attendance is taken, making it
a more secure and efficient process that reduces paper
usage and manual effort. The system captures and
stores students' facial biometrics, using various
algorithms and techniques, and recognizes the student
when their data is stored, marking their attendance. The
proposed system uses the OpenCV library, which offers
a comprehensive set of classic and state-of-the-art
compute revision and machine learning algorithms for
detecting and recognizing faces, identifying objects,
and more.

The 3 techniques of face recognition in OpenCV
library are:

a) Eigen faces algorithm
b) Fisher faces algorithm

¢) Local Binary Pattern Histogram
(LBPH)algorithm

The Eigen face method seeks to obtain facial features
mathematically, rather than relying on physical
features of the face, using mathematical transforms for
recognition. The recognition process involves two
phases, with a large group of individual faces serving as
the training set to determine a set of Eigenvectors using
Principal Component Analysis. However, this
approach is susceptible to lighting conditions and
head position, and the process of finding Eigen vectors
and values is time- consuming.

In contrast, Fisher face is a similar approach to Eigen
face, but with the added benefit of better classification of
different classes of images, including facial expressions.
face approach is more intricate than Eigen face in
finding the projection of the face space, and calculating
ratios takes a considerable amount of processing time.
This approach also results in larger face storage and
more time-consuming recognition.

The proposed system employs the Fisher face
method for face recognition, which is superior and faster
than other algorithms, and is also resilient to lighting
conditions. Additionally, the Local Binary Pattern
Histogram (LBPH) algorithm is a simple solution for
face recognition that can detect both front and side
faces.

III. FUTURE WORKS

Our devised mechanism for marking attendance is
successful and automatically required. The system also
has to use a camera with the best possible resolution.
Developing an online attendance database with automatic
updates is another area that needs work. Installing a
stand-alone module with wireless internet connectivity in
the classroom will achieve this. By putting these changes
into practice, the paper's usefulness and utility would be
substantially increased.

IV. METHODOLOGY
The Software Requirement Specification (SRS)is an
immediate fining the necessary functionalities and Uni



form Resource Locator (URL) for the Intelligent Network
Backup Tool. It intends to establish a clear understanding
of the final product's features and specifications as
envisioned by both the development team and the client.
The requirement statements are prioritized and detailed
in this document. It targets project developers, managers,
users, testers, and documentation writers, providing them
with information on design and implementation
constraints, external interface requirements, system
features, non-functional requirements, and dependencies.
Identifying needs is crucial for businesses and
organizations to evaluate their market performance and
maintain a competitive edge.

A. Architecture of the proposed system

The proposed system secks to automate the existing
manual attendance system by utilizing face
recognition technology. Its main objective is to capture
and store each student's face for attendance purposes.
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Fig. 1. System Architecture

B. Algorithms and Flow Diagrams

Face detection uses classifiers, which are algorithms that
detect what is either a face (1) or not a face j(0) in an
image. It is a machine learning based approach where a
cascade function is trained from a lot of positive (images
of faces) and negative images (images without faces).
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Fig. 2. Feature Extraction

C. LocalBinaryPattern Histogram (LBPH)Algorithm:

Since its initial introduction in 1994, the Local Binary
Pattern (LBP) has emerged as a significant figure in
texture classification. Research has demonstrated that
for some datasets, the combination of LBP and the
histograms of oriented gradients (HOG) descriptor
greatly improves detection accuracy. Histograms and
LBP can be used to produce a simple data vector
that can be used to represent facial images.

Acquire Image> Face De!ection) Reczzcrﬁhon > Person Identity >

Fig. 3. General Face Recognition Structure

The provided flow diagram depicts the image

captured by the camera as the input, which is then

subjected to the face detection algorithm to convert

the original image into a grayscale image for feature

extraction. Next, the input image undergoes a

comparison process with the current image, utilizing

verification and identification techniques to ensure a

dependable recognition outcome.

D. Applying the LBPH Operations

The first step in LBPH computation is to produce an
intermediate image that enhances the original image by
highlighting the facial features. The algorithm utilizes a
sliding window method, which relies on the radius and
neighbor parameters, to achieve this objective.
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Fig.4. LBPH Operation

Based on the image above, let's break it into several small
steps so we can understand it easily:

From a gray scale facial image, we can extract a 3x3 pixel
window.

The window can be represented as a 3x3matrix that
includes the intensity values of each pixel, ranging from 0
to 255.

The central value of the matrix acts as the threshold,
used to define new values from its eight neighbors.

For each neighbor of the central value, we assign a
new binary value based on whether its intensity is equal
to or greater than the threshold. If it is, we set the binary
value to 1; otherwise, we set it to 0.

The matrix now contains only binary values (excluding
the central value), which we concatenate line by line
into a new binary value(e.g.,10001101). Note that the
approach for concatenating binary values may vary
among different authors (e.g., clockwise direction), but
the outcome will remain the same.

Next, we convert the binary value to a decimal value
and set it as the central value of the matrix, which
corresponds to a pixel from the original image.



Following this LBP (local binary pattern) procedure,
we obtain a new image that better highlights the
facial characteristics of the original image.

E. Extracting the Histograms

Using the Grid X and Grid Y parameters, the image is
further processed by being separated into several
rectangular sections. A histogram is produced by
analysing each location and calculating the frequency of
LBP codes present there. To create a series of
histograms that depict the distribution of LBP
characteristics, this procedure is performed for every
grid in the picture. The frequency of pixel intensity
occurrences in each region is represented by the 256
places (0~255) in each histogram. The next step is to
concatenate the histograms that have been generated for
each area of the image to produce a larger overall
histogram. For instance, if we have an 8x8 grid, the final
histogram will have 8x8x256=16,384 places. The key
features of the original image are captured in this final
histogram.

V. IMPLEMENTATION
The application allows faculty to take attendance of
students by operating the system through the webcam.
The system marks the attendance by matching the
student's details previously uploaded by the faculty
in the database.

A. Methods of Implementation

The OpenCV library includes the LBPH algorithm,
which we have utilized. Additionally, OpenCV
provides a Haarcascade classifier that is employed for
detecting faces. The Haarcascade classifier utilizes the
LBPH algorithm.
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Fig. 5. Code implementation process ensures the
correctness, completeness, security, and quality

Let’s see the implementation of face recognition in step
by step.
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VI. RESULTS

A. Home Page

Fig. 6. User Interface
This is the admin interface of our project. Here, we have
student dashboard to take the details of the student, which
are used for further attendance purpose.

B. Data Collection Page

Face Rﬁcognition Based Attendance Monitoring Syste
= - = = S e ™ il

Fig. 7. Inserting Students’ Data into Database
Student data is collected using Student dashboard and
stored in student database.

C. Take Image Page

Sondance Monitoring System
e -

Fig. 8. Webcam is taking the images to train the system

Take facial images and integrate with student details
and store in a dataset directory.
D. Dataset Storage Page
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Fig. 9. Directory is created to store the Student’s Image

This show images are stored in the database as shown in
the above screen. It stores 20 images of each student.

E. Track Images Page
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Fig. 10. Recognition of the face of the student

On clicking the face detector button, a webcam is
started for taking the attendance of the students.

F. Attendance Page
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Fig. 11. Attendance entry of the students

After recognizing the student’s faces, the attendance of
that student is stored in the excel sheet.
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VII. CONCLUSION

Real-time attendance recording and Excel sheet
generation are features of the suggested solution. But in
order to develop a system specifically for educational
institutions, a very effective algorithm that is unaffected
by different lighting conditions in classrooms is to offer
an automated system for labs, lectures, and sections that
makes it simple for teaching assistants or lecturers to keep
track of student attendance. This method saves time and
effort by wusing face detection and identification
techniques, particularly in large-class settings. By
lowering the shortcomings of the conventional manual
approach, this automated solution can increase an
institution's goodwill.

Through thorough testing of the face detection and
recognition algorithms, student attendance is marked by
recognizing their face and storing the data in an
attendance sheet. The system was developed from
requirements to a complete system, including evaluation
and testing, and achieved its objectives to the
satisfaction of the client. Although some challenges
were encountered during implementation, they were
addressed and resolved. Strategies for future work and
improvements to the system are discussed in this
section.
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Abstract—Demand for home automation system is
always high but the cost of this systems are also high.
In our project we proposed a low cost home
automation system to meet the need of the
peoples.Again with the increase in population and
technology growth there is an increase in criminal
activities so to protect our home from any intruder we
have proposed a digital locking system in our model.In
our model we have incorporated RFID sensor, four IR
sensors, Arduino, relay, LCD display, 12C
Module,LED lights, breadboard and connecting wires
which are connected properly so that we obtain a
secure door locking system as well as it will also
decrease the cost of electricity energy used in our
home. The project is divided into two parts; in the first
part the RFID sensor along with one Arduino are used
to design and implement a digital security locking
system which can deploy a secure zone allowing only
authorized person to enter the home. In the second
part of the project IR sensors are used which will
perform two activities, one is to count the number of
persons entering into the room and displaying it on the
LCD display and secondly the sensors will detect the
occupancy of a room and it will give signal to the
microcontroller which will direct the relay to turn
on/off the home appliances (lights and fans) of a
particular room.

Keywords—RFID sensor, four IR sensors, Arduino,
LCD display, digital security locking system.

I. INTRODUCTION

Now a day’s home security is a vital issue that has to be
taken care of and this has to handle carefully. Along with
the security energy consumption is also important so as to
obtain a sustainable growth. Many methods had been
adopted in the literature so as to utilize the electric energy
efficiently so that the customer does not has to bear
unnecessary electricity bill along with this, we can give an
endurable energy efficient nation to our future generation.
Keeping the two objectives in mind which are (a)
providing cost effective and efficient home security
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system, (b) providing low-cost automation system for
operating the home appliances.

In this project a model is designed with RFID module,
Arduino UNO, green and red LED lights, buzzer and
servomotor. When a registered card is brought in front of
the RFID sensor it will detects the card and act according
to the programming fed to the microcontroller i.e. the
microcontroller sends a signal to the servomotor, it will
rotate the mechanical gear forward by 90 ° and opens the
door. Again, when an unregistered card is scanned in the
RFID sensor it will show red light and buzzer will blow,
also the door will remain closed.

For the second part of the project IR sensors incorporated
with Arduino UNO are used to count the number of
persons entering the room or house. The sensors will also
detect the occupancy of the room and will turn on the
basic home appliances such as lights and fans. When there
are persons in the room the light and fan will remain on
and when there is no person in the room the sensor will
give signal to the microcontroller which in turn commands
the relay to turn off the appliances.

II. LITERATURE REVIEW

G.K.Verma and P.Tripathi have introduced passive RFID
sensor to design a digital security system which allow
only authentic person to enter a particular place[1]. RFID
sensor activate, verify, and confirm the user and instantly
open the door for safe access. RFID Module, LCD
Display or touch LCD, Red and Green and Yellow LED
Light and buzzer are used along with ZigBee module[2]
or IoT enabled module[3] to obtain an authorized and
secure digital locking system but the main drawbacks of
these systems are their circuit is complicated, the
programming is complicated, cost is high. Ambin
Kamarulzaman have implemented RFID senor along with
Arduino UNO which is password protected. The asses to
the door will be given to those persons who have a smart
card reader to provide authorized and safe entry of the
personally [4]. In this project we have used a
microcontroller chip, Arduino UNO to control different
elements such as sensors, relay, servomotors and 12C
Module. Arduino was first introduced on 2005 by two
Italian companies; the hardware part of the Arduino is



licensed by CC BY-SA license and the software part is
under the GNU Lesser General Public License
(LGPL) or the GNU General Public License (GPL)[5]
[6]. The Arduino microcontroller is open-source, simple
to program, and always up to date.The Arduino
microcontroller is open- source, easy to program, and
may be updated at any moment. The Arduino
microcontroller was originally created for professionals
and students to create gadgets that can interact with their
surroundings utilizing sensors.

Cristian Perra et al. [7] have proposed a system that will
sense the entry in a room by using IR sensor but in this
work number of persons entering the room is not shown
anywhere, also in this project the sensors cannot be used
as an occupancy senescing which will turn on some
appliances of a particular room. The problem of counting
of the persons was solved by Mika Maaspuro [8], who has
used low- resolution IR-imager and Raspberry Pi board.
Although there are some disadvantages which are the
model requires internet connectivity, the construction of
the model becomes complicated and the cost of the model
increases due to Raspberry Pi board. The cost
effectiveness and accuracy can be increased to a certain
level by using long-wave infra-red (LWIR) focal-plane
arrays (FPAs), or thermal imagers which will detects the
body temperature of a person and act accordingly, this
model was proposed by Aravind K. Mikkilineni et.al
[9].

To overcome all the drawbacks such as high cost,
complex programming, complicated circuit as mentioned
in the literature we have proposed a model containing
digital locking facilities, IR sensor enabled digital counter,
and IR sensor enabled occupancy senescing element to
obtain a secured and cost-effective home automation
system which will help to use electric energy efficiently
decreasing the electricity bill. The use off Arduino UNO
has helped to design a simple programming and also the
circuit is also simple. The cost of all the components are
very less and easily available, hence if any fault occurs the
system can be maintained very easily and with a less
amount.

III. WORKING PRINCIPAL

In this project we have used two Arduino UNO board, one
is used for the digital locking system and the other
controls all the four IR sensors. Power supply required are
9V and 5V which are given by adaptor and battery bank.

Power supply of 9V is given to the Aurdino UNO and
RFID sensor system with the help of an adaptor. A
programming is fed to the microcontroller chip which
gives command to the servomotor that will push the
mechanical gear forward and backward to open and close
the door. The RFID sensor sense the card and gives signal
to the microcontroller. The ATmega328 chip reads the
card and finds out whether the card is registered or not. If
the card is registered the green LED will glow and the
chip will give signal to the servomotor, it will operate the
gear system and opens the mechanical door. If a wrong
card is taken in front of the RFID sensor, the
microcontroller chip will detects the card resulting in
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turning the red LED on and the buzzer will blow and the
door will remain close. The working of the digital lock is
shown by the help of a block diagram in figl.The steps
how the locking system works is shown by the help of a
flow chart as shown in the fig 2.

RFID SENSOR |:> ATmega328 chip E> SERVOMOTOR & :>
GEAR SYSTEM

Fig 1. Block diagram of Digital Locking System.
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Fig 2. Flow chart of the digital locking system

In this project another Arduino UNO board is also used
which is supplied by the help of a battery bank with a
voltage supply of 5V. In this part of the project four IR
sensors, relay, LCD display and 12C Bluetooth module.
The first IR sensor sense whenever any person passes the
door and sends the signal to the ATmega328 chip. A
programming is fed to the microcontroller which will
count the number of persons entering the room/ house.
The microcontroller gives the signal to the 12C module
which in turn gives the signal to the LCD display. The
LCD display showing the increasing/ decreasing number
of persons entering / existing respectively. The first IR
sensor also senses the presence of a person in the room
detecting the occupancy in the room. The IR sensor gives
the signal to the microcontroller module and then the
microcontroller gives a signal to the relay. The relay is
connected to the home appliances such as light and fan.
The relay starts the appliances and it will remain on until
and unless nobody is present in the room.

The second IR sensor will sense the number of persons
entering into the second room detecting the tenancy and
gives a signal to the second Arduino chip, the
microcontroller chip command another relay as per the
programming is fed in the chip. The relay turns on the fan
and light of the room. The third IR sensor senses the
number of persons leaving the second room and gives
signal to the second Ardunio when no person is present in
the room, the Arduino will command the relay to turn off



the light and fan of the room hence obtaining an efficient
use of electricity energy. The fourth sensor detects the
number of persons leaving the main door as well as the
persons leaving the first room. The signal is given to the
microcontroller which gives signal to the LCD display and
the relay. The LCD display decreases the count of the
persons present in the house according to the occupancy
in the home. The relay will turn off the light when there is
nobody present in the first room. The working of the
sensors is shown in the block diagram in fig 3. The
working of the system is represented by the flow chart in
fig 4.

IR SENSOR MCU 12C MODULE LCD DISPLAY

POWER SUPPLY

Fig 3. Block diagram of the working of IR counter

<: START>

ENABLE SENSOR

ENABLE MCU

DETECT OCCUPANCY |

| RELAY OPERATES |

| TURN ON LIGHT AND FAN |

Fig 4. Flow chart of the working of IR counters

IV. CIRCUIT DIAGRAM

The ATmega328 is connected to the servomotor,
buzzer, red and green LEDs, and RFID sensor. The
ATmega328 module receives a programming input
and uses it to identify the registered tag or card.
Mili-seconds is the unit of measurement for RFID
response time. The green LED will light up if the
card is registered, and the servomotor will get a
signal from the chip confirming this. By doing this,
the mechanical door will open and the gear system
will be activated. The motor and gear mechanism
will keep the door open for approximately 30
seconds before it automatically closes. The door will
stay closed, the buzzer will sound, and a red LED
will blink if the card or tag is not registered.
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Fig 5. Circuit diagram of the digital locking system

Four infrared sensors, one ATmega328P module with a 5V
battery supply, three relays, an LCD display, lights, and a
fan are all employed in second portion of the project. Once
more, there are two sections to this section of the project.
The LCD display shows the number of people that have
entered and are still in the room, which is determined by
one of the parts. Using infrared sensors, another
component detects whether the room is occupied.
Depending on the room's occupancy, the mcu receives
programming that instructs the relay to switch on or off the
room's lights and fan.
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Fig 6. Circuit diagram of the IR counter and occupancy
detection system

V. HARDWARE COMPONENTS
A. Arduino UNO

The ATmega328P serves as the foundation for the Arduino
UNO microcontroller board. It features a 16 MHz ceramic
resonator, 6 analog inputs, 14 digital input/output pins (six
of which can be used as PWM outputs), a USB port, a
power jack, an ICSP header, and a reset button. Everything
required to support the microcontroller is included; to get
started, just use a USB cable to connect it to a computer or
power it with a battery or AC-to-DC adapter. In our
project two MCU are used.



Table 1.

Fig 7. Aurdino UNO

Specification of Aurdino UNO

Microcontroller

Module no-ATmega328

Operational-voltage 5 Volt

Input voltage 7-12 Volt
Input-voltage 6-20 Volt
T/O pins digital 14

Input pin analog 6

Current per /O pin 40 mA (DC)
Current (3.3 Volf) pin 50 mA (DC)

Flash-memory

32 KB of which 0.5 KB used by boot loader

SRAM 2KB
EEPROM 1 KB
Clock-speed 16 MHz

B. RFID sensors

Identification and tracking of objects are the main
functions of the RFID module. The acronym represents
Radio Frequency Identification Module. It primarily
operates wirelessly and makes use of electromagnetic
fields. Through the sensor's reading of the tag data, objects
or people can be automatically identified, tracked, and
managed. In our project we have used one sensor and one
authorized tag to get into the room.
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Fig 8. RFID sensor
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Fig 9. RFID tag.
e VCC (3.3v):- VCC pin is connects to the Arduino

3.3V pin to supply power to the module. Note:-
Connecting this pin to the 5v Arduino pin can destroy the
RFID module.
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e RST:- This pin is use to reset the module.

e GND:- This pin connects to the GND pin of
Arduino.

e TRQ:- This is blocking or interrupt pin that can
alert the microcontroller when it comes around
the RFID tag.

e MISO/SCL/TX:- This pin is Master-In-Slave-
Out. It acts as serial data output and connects to

the Arduino RX pin.

e  MOSI:- Master-Out-Slave-In pin is SPI input to
the RC522 module.

e SCK:- Serial Clock is accepting clock pulses
provided by Arduino.

e SS / SDA / RX:- The SDA (Serial Data) pin
facilitates data transmission between the RFID
module and the microcontroller. This pin usually
connects to the Arduino TX pin.

Table II. Specification of RFID sensor

Dimensions 60mm * 39mm
Working voltage 5VDC
Frequency 125KHz

Read Range Upto 3 cm
Max Data Transfer Rate 10 Mbit's

C. LED lights

LED is a semiconductor device that emits infrared or
visible light when current is passed through it. The
acronym is Light Emitting Diode. In this project, two LED
lights (red and green) are used in the first part.

nman

Fig 10. LED lights

D. IR sensors

A special-purpose LED that emits infrared photons with
wavelengths between 700 nm and 1 mm is called an
infrared light-emitting diode (IR LED). Numerous
physical characteristics, including temperature, motion,
and proximity, can be detected by infrared sensors. IR
LEDs are often composed of aluminum gallium arsenide
or gallium arsenide. These are frequently employed as
sensors in addition to infrared receivers. These sensors
have one transmitter end and one receiver end, whenever a
person crosses the transmitter, the signal is blocked by the
person and reflected, and the receiver catches the signal



and sends it to the mcu. The working of this sensor is
shown in fig 11.

Fig 11. Infrared sensor for tracking human passage
movement

E. LCD Display

An LCD module measuring 16 by 2 displayingl6
characters in 2lines. Data bus width, character font, and
on/off settings must be configured by sending commands
to initialize it. It supports both 4-bit and 8-bit
communication. Enable, Register Select, and Read/Write
are the three control lines that are used to transfer
information between the controller and the data bus.
Through a ten-pin header, the LCD module connects to
electronic goods and can be altered for various uses.

Fig 12. LCD module

F. 12C Module

This module is a bidirectional protocol via two lines—a
Serial Data Line (SDA) and a Serial Clock Line (SCL)—
an 12C module that enables two devices to communicate
with one another. Using the fewest I/O pins possible, this
connection is fast and reliable. By sending a distinct 12C
address across the serial data channel, the controller device
can connect to any target device.

Fig 13.12C Module

H. DC Servo Motor
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An electric motor that runs on a DC power source and is
made to offer exact control over rotation, speed, and
position is called a DC servo motor. An encoder or
potentiometer provides input to the closed-loop system,
which allows it to modify its motion.

Fig 14: DC servo motor

VL HARDWARE MODEL

The hardware model is shown in the following figures 15
(a & b). The model displays the system prototype. The
prototype is separated into two chambers, with one light in
the first and one light and fan in the second. Adjacent to
the door are the RFID sensors. The infrared sensors that
count the number of people in the room are displayed.

(a)

As seen in the illustration, the LCD panel outside the room
shows the counts with the aid of an infrared sensor.

SERVONMOY

Fig 15: Hardware model

When some person enters the room the IR sensor installed
at the doorstep will count the movement of the person/s
entering or existing the home and showing it on the LCD
display by the help of 12C module and an ATmega328P
as shown in the fig 16.

Fig 16: LCD is displaying the no. of people entering the



room.

VII.  APPLICATION
1. Smart Home Management: Manage lighting,
temperature, security cameras, and devices based on the
presence of individuals in the room.
2. Energy Usage Tracking: Track energy consumption in
real-time and get notifications when usage surpasses a
specific limit.
3. Surveillance System: Identify unauthorized entries,
and receive notifications.
4. Climate Regulation: Control the temperature in
rooms.

VIII. CONCLUSION
In this project, we have designed and implemented
digital locking system using RFID sensor and have
implemented IR sensors to detects the occupancy of the
room as well as it will count the number of persons
passing the main door and entering the house; the count
is shown on the LCD display. Whenever a RFID
tag/card is brought near the RFID sensor, the sensor
transmits signal to a mcu which is programed in such a
way that it will open the door by the help of DC
servomotor only when authorized card is placed near the
system otherwise it will show red light and blow the
buzzer. The IR sensor detects the human presence in the
room. When a person enters the home, it detects the
motion and transmits the signal to the mcu which is
programed to count the number of persons crossing the
main entrance. The mcu will transfer the result to LCD
display showing the count of the humans entering the
home. The IR sensors also detect the occupants in the
room and turn on/off the room appliances (light and fan)
according to the requirement by the help of relay and
controller circuit. The hardware model has been
designed and it is working properly according to our
requirements.

IX. FUTURE SCOPE
Integrating Al and IOT enable system can be designed
and implemented in this project so that the system can
be remotely controlled and the data can be fetch from
the cloud ensuring secured environment for the honor.
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Abstract— Carbon dots (CDs) have gained significant
recognition due to their wide-ranging applications in
various research and developmental fields. They have
proven to be highly effective in application of photovoltaic
cells. In recent times, in the era of sustainable energy,
particularly solar energy, carbon dot-based FRET (Forster
resonance energy transfer) devices have emerged,
exhibiting remarkable environment friendly characteristics
and better efficiency, with lesser limitations. Hybrid
devices incorporating carbon nanodots have sparked an
uprising in the solar energy sector, shifting from higher-
cost, lower-energy efficiency devices to affordable, high-
performance alternatives with excellent sustainability. As a
result, there are lots of opportunities for further
advancements in this area. This article provides an
overview of the current state-of-the-art carbon nanodot
devices and presents new ideas for enhancing efficiency,
with the potential for future improvements in carbon
nanodot-based solar energy harvesting systems.

Keywords- Carbon dots, Solar cell, PV cell, FRET, Eco-
friendly

I. INTRODUCTION

Energy demand and supply have been crucial since the starting
of civilization. From the Stone Age, when fire was first
discovered, humans have sought to control and improve
energy sources. Today, our focus is on developing better, eco-
friendly, sustainable, and cost-effective renewable energy
solutions. Globally, governments, research institutes, and
companies are collaborating to achieve this goal [1]. Promising
technological advancements and the utilization of alternate
energy is crucial for sustainable growth. Among these, solar
energy stands out as the most affordable alternative, offering
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unique benefits such as abundance, year- round availability, cost-free long-
term use, and being entirely environment friendly [2]. Currently,
photovoltaic cell (PV) technology is widely used to efficiently convert
solar energy into electrical energy.

Globally, different nations are increasingly focused on green energy
sources due to the CO; emissions from fossil fuels, which contribute to
global warming and unpredictable climate changes that threaten all forms
of life. In contrast, solar energy holds the potential to address energy
challenges [3]. While solar energy has limitations, such as the absence of
sunlight at night, inconsistent daylight, and varying intensity depending
on location and weather [4], these challenges can be mitigated through
advancements in energy storage technology for continuous use. Statistical
reports show that 88% of solar energy is reflected back into space, with
only 12% reaching the Earth's surface. Of this, 11% is used by plants for
photosynthesis, around 0.3% heats the Earth's surface, and just 0.015% is
converted into electricity. Despite the global interest in solar energy,
approximately 85% of global energy still comes from fossil fuels, while
only about 3.5% is generated by solar cells [5]. This highlights significant
opportunities for future research and development in the field. Despite the
promising potential of solar cells (SCs), concerns about health hazards are
persisted. While new technologies in SCs reduce carbon footprints, they
may still pose serious health risks. Many materials used, particularly in
nanoparticle form, have shown toxicity, with metal/metallic complexes,
dyes, and compounds being linked to carcinogenic effects. For example,
TiO2 nanoparticles have been associated with cellular damage, DNA
breakage, and liver and brain tissue damage through inflammatory,
oxidative, and apoptotic pathways [6]. Other materials such as Pd, Pb, Si,
Cd, and Ga compounds also raise health concerns. Therefore, further
research is crucial to develop materials that not only enhance efficiency
but are also environmentally friendly. Recent studies have highlighted the
promising potential of quantum dots, such as graphene quantum dots
(GQDs) and carbon dots (CDs), which offer outstanding performance
with minimal toxicity and health risks [7].



Recently published reports show a remarkable
3000%growth in solar energy usage for electricity from
2010 to 2021, with a 22% increase from 2020 to 2021. In
2021, solar PV cells generated 1000.9 TWh, and this is
projected to reach 7413.9 TWh by 2030, with an annual
growth rate of 25%. India has made significant progress in
this field by hosting the world’s largest solar power plant,
the Bhadla Solar Park (2245 MW), and the third-largest,
the Pavagada Solar Park (2050 MW). Currently, India
generates about 7% of its total electricity from solar PV
cells, a notable achievement for both the global economy
and carbon footprint reduction [8]. This article outlines the
current developments and research on various
photovoltaic (PV) technologies, with a focus on enhancing
efficiency and promoting sustainable, eco-friendly solar
cells.
II. ASOLARCELL

A solar cell converts solar energy into electrical energy
using the photovoltaic (PV) effect. It operates following
the principle of the photoelectric effect and a p-n junction
mechanism. When sunlight strikes the cell, electron- hole
pairs are generated, classified based on different
mechanisms and materials, resulting in variations in
efficiency, sustainability, and environmental impact [9].
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Fig. 1. A typical presentation of solar cell
III. DIFFERENT TYPE OF SOLAR CELL

Generally, solar cells are categorized in main three
categories and subdivided as below (Figure 2);

Figure 2: Flowchart of categorized solar cell types
I1.A. FIRST GENERATION SOLAR CELL

First-generation silicon wafer-based solar cells include
two types: a) monocrystalline and b) polycrystalline
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photovoltaic cells.
II1.B. MONOCRYSTALLINE SILICON SOLAR CELL

First-generation solar cells are composed of crystalline
silicon materials, with monocrystalline cells dominating
over 80% of the market. In 2001, Green et al. reported
25% efficiency for crystalline silicon cells [10]. However,
their high cost is due to the usage of pure silicon crystals.
The efficiency of these cells depends on temperature, and
while their thermodynamic limit is 31%, this maximum
conversion efficiency has yet to be achieved.

III.C. POLYCRYSTALLINE SILICON SOLAR CELL

To minimize the cost of crystalline solar cells,
polycrystalline materials were introduced. Zhao et al.
(1998) reported an efficiency 19.8% for polycrystalline
cells having honeycomb structure, significantly lower than
that of monocrystalline cells [11]. Due to their poor
efficiency, limited research has been conducted.
Polycrystalline cells have a maximum expected lifespan of
27 years. They have drawbacks, including poor
performance in low light, larger installation area
requirements, and lower thermal stability.

1I1.D. SECOND GENERATION SOLAR CELL

Second-generation solar cells use thin-film technology to
reduce manufacturing costs. Unlike first- generation
crystalline silicon cells, these cells require less silicon,
making them more affordable and increasingly popular.

IITE. AMORPHOUS SILICON SOLAR CELL

Amorphous silicon (a-Si) based solar cells have been
commercially available for over a decade, commonly
utilized in rechargeable batteries for calculators and
different electronic devices. With a 1.7 eV band gap and
they offer up to 13.8% efficiency. These cells are cost-
effective due to low material consumption and low-
temperature processing.

IIIF.  COPPER ZINC TIN SULPHIDE HYBRID
SOLAR CELLS (CZTS SOLAR CELLS)

The abundance of Zn, Sn, and Cu has led to the
development of CZTS and CZTSeS solar cells, reaching
power conversion efficiencies of up to 11.3% [12].
However, charge recombination remains a major
challenge, limiting efficiency. Additionally, poor
solubility of CZTS in common solvents necessitates
advanced fabrication methods for improved sustainability.

II1.G. CADMIUM SULPHIDE AND CADMIUM
TELLURIDE THIN FILM TECHNOLOGY

CdS and CdTe solar cells are known for their high
stability and are the second most widely used solar
technology after silicon. With a perfect band gap of 1.45
eV, they offer a theoretical efficiency 21%, while NREL
reports a laboratory efficiency of 16.5% [13]. Their
efficiency is attributed to optimal photon energy
absorption for photo- electron excitation. Despite their
wide applications and abundant materials, the toxicity of
heavy metals poses environmental concerns.

IIILH COPPER INDIUM GALLIUM DI-SELENIDE
(CIGS) HYBRID SOLAR CELLS

CIGS solar cells are mainly used in research, with limited



commercial adoption due to the scarcity of gallium and
indium metals. Depositing heavy alkali metals such as Cs
can boost efficiency beyond 19.9% [14]. Unlike most
rigid solar PV cells, CIGS cells are fabricated on flexible
surfaces like polyamide film and soda-lime glass,
enhancing their versatility and significance.

II1.1. THIRD GENERATION SCS

First and second-generation solar cells are limited by
single junctions, narrow absorption ranges, high costs, and
non-eco-friendly materials. Recent photovoltaic cells, with
efficiencies over 30%, using multi-junction designed solar
cell which can absorb broader frequency range of light.

111.J. DYE SENSITIZED SOLLAR CELL

To address the high costs of 1st-generation solar cells and
the manufacturing of second-generation technologies,
low-cost and efficient, alternatives are being developed.
Dye-sensitized solar cells (DSSCs) offer potential
benefits, including photon absorption at low light intensity
(Figure 3). However, their key drawbacks are poor
thermal stability and lower efficiency, limiting their large-
scale and commercial applications.

IV. PEROVSKITE BASED SCS

The ABX3 crystal structure, known as the perovskite
structure, is named after Russian mineralogist P.V.
Perovski. Metal halide perovskite solar cells have seen
significant improvements in power conversion efficiency
in recent years due to their optimal band gap for photon
absorption. These cells are typically made with organic
monovalent cations as A (e.g., CH3NH +), B as Pb(II) or
Sn(Il), and X as halides. The enhanced photocurrent is
attributed to mixed cations, which help to reduce the band
gap. Their thermal instability and hygroscopic nature
remain major disadvantages in perovskite cells.
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Fig.3. a) Multiple layers in a perovskite cell b) A typical
presentation of organic solar cell

V. ORGANIC SOLAR CELL

Organic solar cells, made from small organic molecules
that absorb light, are fabricated using low-cost methods
like inkjet printing or thermal vapor evaporation. They are
environmentally friendly as they avoid toxic materials, and
their thin, transparent nature reduces production costs.
These cells can be easily fabricated on flexible materials.
Despite of their low cost, organic solar cells have lower
efficiency, which degrades over time with prolonged
sunlight exposure. exposure.

A comparative study of different kind of SCs in a tabular
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form.
VI. MULTI JUNCTION SOLAR CELL
Table I. A concise and comparative studies have been
conducted on different types of solar cells

Type of |Generation Naximum | Advantages Disadvantages
Solar cell PCE (%a)
Mono- First 25 High Costly and non-
crystalline efficiency stable
Poly- 19.8 Cost- Poor efficiency
crystalling effective
Amorphous | Second 138 User friendly | Lower efficiency
silicon
Copper 113 Cost- Non-stable
zine tin effective
solar cell
Cadmium 16.5 Cost- Use of toxic
telluride effective and | metals like Cd
based solar good
cell efficiency
Copper 199 Commercially | Use of rarely
indium successful available material
gallivm Di- like Ga
selenide
solar cell
Dye Thard =33 Low-cost and | Low life-span
sensitized capable of
solar cell absorbing  a
broad
spectrum of
solar
radiation.
Perovskite 21 Better Utilize toxic
based solar efficiency metals such as 5n
cell and Pb
Multi 205 Efficiency Expensive
junction can be
(Tandem enhanced
cells) through
optimal
material
combinations
Organic Up to | Economically | Low lifetime
solar cells 20% friendly
(0sC)

Multi-junction solar cells incorporate multiple p-n
junctions to broaden the absorption spectrum, increasing
efficiency through a tandem configuration that lowers the
band gap. Efficiency can reach up to 86.8%, much higher
than the 31% theoretical limit of single-junction cells [15].
Perovskite tandem cells can achieve 26% higher
efficiency. However, GaAs-based multi-junction cells pose
environmental and health risks, as gallium arsenide is toxic
and can affect the liver, lungs, and immune system.

VII. ADVANCED GENERATION SOLAR CELL
CQDs absorb a wider range of visible wavelengths and
exhibit unique properties distinct from  bulk
semiconductors. Their bound structure and environmental
friendliness make them a promising alternative for dye-
sensitized solar cells (DSSCs). By varying the size of
semiconductor dots, the band gap and efficiency can be
controlled. Surface defects on quantum dots can reduce
efficiency. To enhance photo voltage, CQDs are used as
dopants in various third-generation solar cells. Recent
work by Ping Huang and colleagues, 2019 showed that
doping CdS-based solar cells with CQDs can increase
power efficiency by up to 40%.

VII. RECENT AND ADVANCED DEVELOPMENT IN
SOLAR CELL
Solar cells have shown great potential in providing carbon-



free green energy. While first-generation Si-based solar
cells offer high efficiency and stability, they are expensive,
ineffective in diffused light, and pose health risks due to
harmful Si content which causes cell damage. Second- and
third-generation solar cells, often made from rare metal
oxides and toxic metals like Pb, Pd, Cd, and As, are
similarly costly and environmentally concerning. Although
technological advances have made solar cells more
affordable, they have not yet fully transitioned the sector to
a completely green energy solution [16].

VIII.4. USE OF CODS IN SOLAR CELL

Recently, researchers are focused on developing solar cells
that minimize or avoid harmful materials. Recent research
has explored emerging and hybrid technologies, with
carbon nanoparticles like CQDs and CDs gaining
significant attention for their potential to create green,
high- performance photovoltaic devices. Third-generation
solar cells, particularly dye-sensitized solar cells (DSSCs),
offer remarkable power conversion efficiency (PCE) and
cost- effectiveness but they faced challenges such as high
band gap energy, limited visible light absorption, poor hole
transfer, used materials are toxic, unstable under UV light,
and expensive. In this scenario, CQDs play a crucial role
by absorbing a broad range of light, converting UV to
visible light, and reducing the band gap of the photoanode
(TiO2), thus enhancing PCE [17].

CQDs have received success due to several key attributes:
(a) engineered surfaces, (b) heteroatom doping, (c)
biocompatibility, (d) diverse functional groups, (e) tunable
size, (f) facile synthesis methods, (g) cost-effectiveness,
(h) stability across a broad radiation spectrum, and (i)
environmental friendliness. Their photophysical and
chemical properties can be changed simply by varying
their structure, size, and composition. CQDs have gained
attention since the early 21st century, a period dominated
by metal and metal oxide nanoparticles. CQDs, also
known as carbon dots (CDs), typically range from 0-10 nm
in size. Graphene quantum dots (GQDs) are nanoscale
fragments of graphene, typically under 100 nm in size and
composed of fewer than 10 layers. While carbons in GQDs
are mostly sp2 hybridized, CDs have both sp2 and sp3
hybridized carbons. In 2004, Xu et al. first reported CDs
from single-wall carbon nanotubes (SWCNTs), followed
by Sun et al. (2006) synthesized stable CQDs, while
Ponomarenko et al. (2008) reported the development of
GQDs, building on earlier work by Xu et al. (2004).

VIIIB. PHOTOPHYSICAL LANDSCAPE OF CQODS

CQDs have revolutionized research and development due
to their inherent exceptional photophysical properties.
Derived from various natural sources using diverse
synthetic methodologies, CQDs exhibit a wide range of
photophysical behaviors. They are known for their
remarkable absorption and emission spectroscopies. CQDs
demonstrate diverse optical properties, including UV-Vis
absorption, photoluminescence, phosphorescence, and
chemiluminescence. Typically, CQDs show a broad
absorption peak in the ultraviolet (UV) region (250-350
nm), along with an absorption tail extending into the
visible range. Generally, the peak appeared around ~240
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nm is due to the

["—I" electronic transition of C=C bonds, whereas the peak
appeared around ~340 nm arises from the n—[] transition
of carbonyl (C=0) groups. Surface modifications and
heteroatom doping play crucial roles in altering the
absorption and emission spectra of CQDs. Surface defects
contribute to broader spectral peaks, and the introduction
of different functional groups influences the HOMO-
LUMO energy levels, resulting in changes to both the
absorption and emission characteristics.
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Fig. 4. Absorption spectrum CD; (a) Broad spectral
profile,

(b) absorption bands corresponding to w—m* and n—m*
electronic transition.

CDs are very well-known for their fabulous
photoluminescent  behaviors. The photoluminescent
characteristics of selected CDs are susceptible to
modification through targeted surface engineering. CDs
are also popular for their phosphorescence and
chemiluminescence properties.

Absorbance (a.u)

200 300 400 S00 SO0 OO
Wavalangth (nm)

Fig. 5. A spectra of as-synthesized carbon dots (CDs) (a)
absorption and emission spectrum, (b) photoluminescent
activity of synthesized CDs
VIIIC. USE OF CODS AS PHOTOACTIVE LAYER IN SC
CQDs are used as the photoactive layer in photovoltaics
(PVs) due to their exceptional optical properties, which
can be tuned by adjusting their size. Band gaps can also be
controlled through doping with heteroatoms. Hybrid
combinations of TiO2 and doped CQDs, utilizing the
frontier resonance electron transfer (FRET) mechanism,
have shown outstanding results. Doping TiO: photo
anodes with graphene quantum dots extends their
absorption to longer wavelengths, while embedding N-
doped CQDs in TiO: down-converts UV light into the
visible spectrum and enhances stability. In DSSCs,
exposure to UV radiation reduces PCE, with cells
containing N-CQDs showing a 23% decrease, compared to
a 67% decrease without N-CQDs after three weeks.
Therefore, CQDs offer a non-toxic alternative to dyes in
Quantum Dot Solar Cells (QDSCs) [18]. Both simple and
doped carbon quantum dots (CQDs) serve as highly
efficient counter electrodes in dye-sensitized solar cells
(DSSCs). Sulfur and other heteroatom-doped CQDs
exhibit superior photo-excitation properties when



integrated into Pt, RuSe, and CoSe counter electrodes.
Additionally, graphene quantum dots (GQDs) embedded
in polypyrrole (PPy) as counter electrodes show enhanced
power conversion efficiency (PCE) compared to undoped
GQDs in DSSCs. Metal-based counter electrodes, like Pt,
increase costs, but using PPy/conductive polymers with
GQDs makes solar cells more affordable. Similarly,
perovskite solar cells (PSCs) with GQDs and CQDs show
improved efficiency. CQDs combined with Au also
improve efficiency and cost- effectiveness, reducing the
need for noble metals and lowering overall costs and
toxicity.

VIII.D. USE OF CQDS AS HOLE TRANSFER LAYER IN
SCS

In photovoltaic cells, photosensitized materials eject
electrons, generating cell potential through electron
transfer, while hole transfer also plays a crucial role in
improving cell potential. To improve the efficiency of
organic solar cells (OSCs), perovskite solar cells (PSCs),
and other third- generation photovoltaic (PV) technologies,
an additional hole transport layer (HTL) is often
incorporated at the anode. CommonHTLs, such  as
poly(3,4-ethylenedioxythiophene):poly(styrenesul fonate)
(PEDOT:PSS), exhibit enhanced performance when doped
with graphene quantum dots (GQDs) [7]. Despite their
relatively lower efficiency, OSCs remain attractive due to
their low cost and material diversity. Chemical
modification of carbon quantum dots (CQDs) has enabled
the development of both electron-rich (n-type) and
electron-deficient (p-type) HTLs for OSCs. Barman et al.
(2014) demonstrated that nitrogen and phosphorus doping
rendered CQDs n-type, while boron doping resulted in p-
type behavior—both effectively improving solar cell
efficiency [19].

VIILE. USE OF CODS AS ETL IN SOLAR CELL
Electron transport layers (ETLs), hole transport layers
(HTLs), play a crucial role in enhancing both power
conversion efficiency (PCE) and device stability in third-
generation solar cells, particularly in perovskite solar cells
(PSCs) and organic solar cells (OSCs). Positioned between
the active layer and the cathode, ETLs facilitate efficient
electron extraction from the active layer to the cathode,
thereby increasing cell potential and overall PCE.
Common ETL materials include phenyl-C61-butyric acid
methyl ester (PC61BM), titanium dioxide (TiO2), tin
dioxide (SnO:), and spiro-OMeTAD. However, these
materials often suffer from issues such as interfacial
charge recombination and current leakage, which can limit
device performance [20]. When doped CQDs-ETLs are
used, the above said problem is overcome successfully. It
has been observed that CQD- embedded ETLs enhance the
power conversion efficiency (PCE) of perovskite solar
cells (PSCs) to approximately 13— 14%. CQDs have
revolutionized solar cells by doping photoactive layers
(anodes) and electron receivers (cathodes). Overall, CQDs
enhance electrode and cell potentials, offering low-cost,
stable, and affordable photovoltaic solar cells, particularly
beneficial for economically disadvantaged countries.
These advancements not only contribute to scientific and
technological progress but also bring us closer to the long-
awaited goal of generating green energy with zero carbon
footprints. It is anticipated that, with further modifications,
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CQDs will be developed as fully sustainable counter
electrodes in the near future.

IX. CONCLUSION AND FUTURE PERSPECTIVES
Recent advancements on solar cell technologies, focusing
on improving affordability, eco-friendliness, and cost-
effectiveness. It explores the use of carbon nano-dots and
their derivatives, particularly CQDs, as photoactive layers
in third-generation solar cells (OSCs, PSCs, DSSCs), due
to their exceptional photophysical properties. CQDs and
GQDs enhance light absorption across a broad spectrum—
from UV to near-infrared—while improving cell stability
under UV exposure, reducing charge recombination, and
facilitating efficient electron transport to the cathode.
CQDs offer a non-toxic, cost-effective alternative to
traditional dyes and metal/metal oxide QDs, making solar
cells greener and more affordable. Despite these
advancements, further research is needed to address
specific challenges, such as improving efficiency, lifespan,
and minimizing toxic material use in solar cells. Continued
efforts on fabricating high- efficiency CQDs and
optimizing their use in photo-anodes, HTLs, and ETLs are
crucial for the next generation of photovoltaic solar cells.
The goal is to replace expensive, heavy-metal-based QDs
and rare-earth metals, ultimately enabling the production
of low-cost, green energy while preserving the
environment.
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Abstract—Estimating stock risk is a crucial component
of financial research, shedding light on how market
shifts impact a company’s success. This is particularly
critical for high-risk sectors such as technology and
construction, where business sen- timent significantly
influences financial stability and business con- fidence.
Conventional econometric models, including Ordinary
Least Squares (OLS), Generalized Least Squares
(GLS), Fixed Effects Models (FEM), and Random
Effects Models (REM), have traditionally been
valuable tools for risk assessment under specific
business scenarios. However, these approaches often
fail to capture the complexities and irregularities
observed in finan- cial data. Advanced methodologies
such as random forests and gradient boosting offer
enhanced capabilities by processing large, high-
dimensional datasets and identifying underlying
patterns that traditional algorithms may overlook.

By integrating traditional and modern approaches,
researchers and practitioners can develop robust
models capable of ad- dressing the complexities of
contemporary financial markets. Frequent updates to
these models are essential for improving forecast
accuracy, enhancing model interpretation, and
adapting to the demands of emerging markets. This
article presents a brief overview and summarizes the
information for researchers working in the domain.
Some issues and challenges are identified at the end of
the article which can be beneficial for the researchers.

Index Terms—Equity risk estimation, Machine
learning mod- els, Forecast accuracy, Model
interpretation, Emerging markets

1. INTRODUCTION

An essential component of financial decision-making is
estimating equity risk since it helps determine how
sensitive a business is to changes in the market. The
relationship between a company’s stock performance and
its market structure is represented by beta (f), which is
frequently used to measure equity risk. This measure is
crucial for company managers to find a balance between
risk and reward, investors to maximize their investments,
and policymakers to stabilize the economy. In the past,
techniques like Generalized Least Squares (GLS) and
Ordinary Least Squares (OLS) have proven crucial for
risk estimation. These approaches, grounded on statistical
theory, show a meaningful and transparent connection
between equity risk and explanatory variables. The
shortcomings of these models have become more
obvious, though, as financial data has grown increasingly
intricate and interconnected. The intricate patterns and
ambiguities found in actual financial data are frequently
missed by them. In contrast to conventional models,
machine learning algorithms are capable of handling
nonlinear relationships, transforming massive amounts of
data, and uncovering hidden patterns. Methods like
support vector machines, random forests, and neural
networks increase the predicted accuracy of risk models,
particularly when financial data is odd and noisy. In
recent years, hybrid approaches that incorporate machine
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learning have become more popular. This method
generates more reliable predictions by fusing the
computational power of machine learning with the
interpretation of statistical models. For instance, machine
learning algorithms can offer extra insights by modifying
residuals and looking for underlying patterns, even while
econometric models can explain relationships. This essay
examines how contemporary standards might offer such
insight while addressing important topics in financial data
analysis, such as overuse, data quality, and model
interpretation. By analyzing a range of methodologies
from conventional business procedures to sophisticated
machine learning and hybrid models, this article seeks to
offer a comprehensive view of the development and future
course of risk estimation in financial analysis.

The article is structured as follows. Section II provides
an overview of some financial factors that influence equity
risk. A summary of traditional econometric approaches is
presented in section III. Machine learning methods used in
equity risk prediction and their limitations in the current
context is presented in section IV. Section V presents
some challenges and issues identified during the literature
study which can be helpful for researchers in the domain.
Finally, Section VI offers conclusions and suggests
potential future research directions in the field of equity
risk prediction.

II. FACTORS INFLUENCING EQUITY RISK

The factors impacting equity risk are multi-dimensional,
encompassing  firm-specific, macroeconomic, and
behavioral elements. These factors collectively determine
a firm’s expo- sure to market volatility and its ability to
withstand financial shocks.

A. Firm-Specific Metrics

- Investment Decisions: Investment decisions,
often reflected in capital allocation, directly
affect a firm’s operational growth and market
perception. Companies with well-planned
investments in profitable projects tend to
stabilize their Beta, while risky or inefficient
investments may amplify volatility.

- Working Capital Management: Efficient
management of the Cash Conversion Cycle
(CCC) ensures that a firm has sufficient
liquidity to meet short-term obligations,
reducing financial stress and stabilizing stock
performance. A poorly managed CCC can
increase Beta by exposing the firm to liquidity
crises.

- Liabilities (Short-Term and Long-Term): The
liability structure significantly impacts equity risk.
Higher short- term liabilities can increase a firm’s
financial leverage and market sensitivity, raising Beta.
Conversely, prudent long- term liability management
can mitigate risk and stabilize the firm’s equity
performance.

B. Macroeconomic Factors

- GDP Growth: Economic growth, measured by



Gross Domestic Product (GDP), plays a crucial role
in shaping

equity risk. A booming economy often correlates
with lower Beta values as firms benefit from
increased demand and profitability. In contrast,
economic downturns heighten market sensitivity and
amplify equity risk.

- Inflation: Inflation impacts a firm’s input costs and
consumer purchasing power, creating uncertainty in
earnings. High inflation often correlates with
increased market volatility, leading to higher Beta
values for firms operating in price-sensitive
industries.

- Interest Rates: Changes in interest rates affect the
cost of borrowing and the discount rates used in
valuation mod- els. Rising interest rates can increase
Beta by reducing profit margins and making debt
financing more expensive, while stable rates
contribute to lower market sensitivity.

C. Behavioral Factors

- Managerial Biases: Managerial decision-making,
influenced by cognitive biases, can affect a firm’s
risk profile. Overconfidence in pursuing aggressive
growth strategies or aversion to risk can lead to
suboptimal investment choices, impacting Beta.

- Investor Sentiment: Market sentiment, driven by
collective investor behavior, plays a pivotal role in
equity risk. Negative sentiment during market
downturns can exacerbate volatility, while positive
sentiment can stabilize stock performance even in
challenging conditions.

D. Industry-Specific Dynamics

- Sector Characteristics: Different industries exhibit
varying levels of inherent risk. For example,
technology firms, characterized by rapid innovation
and market competition, tend to have higher Beta
values compared to stable sectors like utilities.

- Regulatory Environment: Government policies and
regulations influence equity risk by altering a firm’s
operational framework. Frequent regulatory changes
may in- crease market uncertainty, while stable
policies contribute to lower risk levels.

III. TRADITIONAL ECONOMETRIC APPROACHES

Econometric approaches have been foundational in under-
standing and predicting equity risk. These methods offer
structured frameworks to model relationships between
variables while addressing key data issues such as
heterogeneity and autocorrelation.

A. Ordinary Least Squares (OLS)

Ordinary Least Squares (OLS) is one of the simplest
and most commonly used regression techniques for
equity risk prediction. It models Beta (f), a measure
of stock volatility relative to the market, as a linear
combination of explanatory variables. The general
form of the OLS regression equation is:
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B =0+ G+ g (1)

where:

- fir The dependent variable, representing equity

risk
(Beta) for firm 7 at time ¢.

- a: The intercept, represents the baseline
Beta when all predictors are zero.

- Bi: The coefficient of the independent
variable X;,, which measures its impact on
Beta.

- X, Independent variables such as investment
decisions, liabilities, or working capital.

- €, The error term, capturing unexplained

variations. OLS assumes:

- Linearity: The relationship between
predictors and Beta is linear.

- Homoscedasticity: The variance of
residuals remains constant across
observations.

- Independence: Residuals are uncorrelated
with each other.

While OLS provides a straightforward and
interpretable model, it struggles to handle the
complexities of financial data, such as
heteroscedasticity and autocorrelation.

B. Generalized Least Squares (GLS)

Generalized Least Squares (GLS) improves upon OLS
by addressing two major limitations:
- Heteroscedasticity: Uneven variance in
residuals across observations.
- Autocorrelation: Residuals are correlated
across time or entities.
The GLS method modifies the regression model to
account for these issues, producing unbiased and
efficient parameter estimates. The general form of the
GLS regression remains similar to OLS:

Bu= o+ BiX + €y (2)

However, GLS introduces a weighting matrix (£2) to
account for heteroscedasticity and autocorrelation:

g = (HTQ KOy, (3]

- Q: A covariance matrix capturing the structure
of residual variance and correlations.

- X: Matrix of independent variables.

- Y: Vector of dependent variables (Beta).

GLS enhances reliability in financial datasets,
especially when residuals exhibit patterns or uneven
variances. It is widely used for time-series and panel
data analysis.

C. Fixed and Random Effects Models

When analyzing panel data (datasets with multiple
entities observed over time), it is essential to account
for unobserved heterogeneity across entities. Fixed
Effects Models (FEM) and Random Effects Models
(REM) address this challenge.

1) Fixed Effects Model (FEM): FEM assumes that



entity- specific characteristics influence the
dependent variable (B) but remain constant over time.
It controls for these unobserved characteristics by
allowing each entity to have its unique intercept:

B= O+ B1X e + €, [EY]

where:
- a;: Entity-specific intercept capturing unique,
time- invariant effects.
FEM is effective when there is concern that
unobserved characteristics are correlated with
independent variables. How- ever, it does not allow for
time-invariant variables as predictors since their effect is
absorbed in a;.

2) Random Effects Model (REM): In contrast, REM
assumes that entity-specific effects are random and
uncorrelated with the independent variables. This allows
for the inclusion of time-invariant variables as predictors.
The model is expressed as:

Beo=a+ FiX+ U+ € )]

where:

- u;: Random effect for entity i, assumed to be
normally distributed with mean zero.
- € Idiosyncratic error term.

3) REM is more efficient than FEM when the assumption of
no correlation holds. However, if this assumption is
violated, REM produces biased estimates, making FEM a
better choice in such scenarios.

IV. MACHINE LEARNING IN EQUITY RISK PREDICTION

Machine learning has revolutionized equity risk prediction
by overcoming the limitations of traditional econometric
methods. It provides tools to model non-linear relationships,
process large datasets, and identify complex interactions that
are often overlooked in financial modeling. This section
examines supervised learning models, ensemble methods,
and hybrid approaches, highlighting their significance and
applications.

A. Supervised Learning Models

Supervised learning models such as Support Vector Ma-
chines (SVMs) and neural networks are pivotal for equity
risk prediction due to their ability to handle non-linear and
high- dimensional data.

- Support Vector Machines (SVMs): These models
separate data into distinct classes or predict
outcomes using hyperplanes, making them suitable
for capturing complex relationships between Beta (f)
and financial indicators.

Neural Networks: Inspired by the structure of
the human brain, these models identify
intricate patterns, excelling in high-
dimensional datasets involving numerous
financial variables.

While highly accurate, these models often require
extensive data and may lack interpretability, posing
challenges in practical applications.
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B. Ensemble Methods

Ensemble techniques such as Random Forests and
Gradient Boosting aggregate predictions from
multiple models, enhanc- ing reliability and reducing
overfitting.

- Random Forests: Utilize multiple decision
trees to de- termine feature importance, aiding
in the identification of key risk factors.

- Gradient Boosting: Sequentially corrects
prediction er- rors, minimizing residuals for
improved accuracy.

These methods are robust in handling noisy financial
data but can be computationally intensive and require
careful parameter tuning to achieve optimal
performance.

C. Hybrid Models

Hybrid models combine traditional econometrics with
ma- chine learning, leveraging the strengths of both
methodologies.
- Econometric Foundations: Establish baseline
relation- ships using methods like Ordinary
Least Squares (OLS) or Generalized Least
Squares (GLS).
- Machine Learning Refinement: Analyze
residuals to capture non-linearities and
uncover latent patterns in financial data.

This approach balances interpretability with
predictive power, offering flexibility for diverse
datasets. However, hybrid models can be complex to
implement and risk overfitting without proper
regulation.

V. CHALLENGES AND SCOPE IN EQUITY RISK PREDICTION

Despite significant advancements in equity risk
prediction methodologies, several challenges persist
that hinder the full potential of these approaches:

- Data Quality: Missing or inconsistent data can
adversely affect the reliability and accuracy of
prediction models, necessitating robust data
cleaning and imputation tech- niques.

- Overfitting: Machine learning models, while
powerful, are prone to overfitting, reducing
their ability to general- ize across different
datasets or market conditions.

- Interpretability: Machine learning models
often lack transparency, making it challenging
for financial practitioners to trust and
implement these models effectively.

The future of equity risk prediction holds immense
promise, with several avenues for improvement and
exploration:

- Incorporating ESG Metrics: Integrating
Environmental, Social, and Governance (ESG)
factors into prediction models can provide a
comprehensive view of a firm’s long-term risk
profile.

- Utilizing Big Data: Leveraging real-time
analytics from financial news, social media,
and other unstructured data sources can



enhance the granularity and timeliness of risk
predictions.

- Adopting Dynamic Models: Advanced techniques
like the Generalized Method of Moments (GMM) can
capture temporal dependencies, making models more
adaptable to evolving market conditions.

- Integrating Behavioral Insights: Understanding
psycho- logical biases in investment decision-making
can enrich models by accounting for the human
factors influencing market dynamics.

- Developing Hybrid Approaches: Combining
traditional econometrics with machine learning
methodologies can deliver models that balance
interpretability with predictive power.

- Focusing on Explainability: Explainable AI (XAI)
frameworks can improve the transparency of machine
learning models, fostering trust among financial
stake- holders.

II. CONCLUSION

Equity risk prediction has undergone significant evolution,
blending traditional econometric models with cutting-edge
machine learning techniques. This review highlights the
critical role of integrating advanced computational methods
with traditional financial theories to address the complexities
of modern financial markets.
While challenges such as data quality, overfitting, and model
interpretability remain, future research should focus on
leveraging diverse datasets, incorporating ESG factors, and
adopting dynamic, explainable models. By addressing these
limitations and embracing innovative approaches,
researchers and practitioners can develop robust, adaptive
systems that cater to the ever-changing dynamics of global
financial markets.
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Abstract—Evaluating handwritten subjective answer sheets is a
time-intensive and error-prone task, often resulting in
inconsistencies and potential biases. Traditional approaches
primarily rely on keyword matching or statistical methods,
which fail to account for the semantic meaning and context of
descriptive answers. This project proposes a robust solution by
integrating Optical Character Recognition (OCR) and Natural
Language Processing (NLP) techniques for automated answer
sheet evaluation. The OCR component, implemented using
OpenCV and PyTesseract, extracts text from handwritten
answer sheets after preprocessing steps like noise reduction
and image thresholding. The extracted text is evaluated using
two distinct NLP approaches: TF-IDF with cosine similarity
and semantic similarity wusing pre-trained Sentence
Transformers. The system efficiently handles variations in
phrasing and synonyms, ensuring a context-aware evaluation
of answers. Experimentation shows that semantic similarity
models outperform traditional methods, achieving higher
accuracy in assessing descriptive responses. This system offers
a scalable, consistent, and efficient solution for educational
institutions, paving the way for automation in subjective paper
evaluation.

Keywords—Natural Language Processing, Machine Learning,
Optical Character Recognition, Word2vec, Subjective Answer
Evaluation.

I. INTRODUCTION

The rapid advancements in technology, particularly in the fields of
Artificial Intelligence (AI) and Natural Language Processing
(NLP), have opened new avenues for automating complex tasks.
One such domain is the evaluation of answer sheets, a traditionally
time-consuming and labor-intensive process. The "Answer Sheet
Evaluation System Using NLP" leverages Al and NLP techniques
to streamline and enhance the accuracy, efficiency, and fairness of
grading students' answers. In traditional evaluation systems,
teachers manually assess answer sheets, which can lead to issues
such as human bias, fatigue, and inconsistency. The proposed
system aims to address these challenges by introducing an
automated, Al- driven process. By integrating NLP techniques, this
system can analyze textual answers, compare them with predefined
answer keys, and generate scores while maintaining contextual
understanding and linguistic nuances.

The evaluation of handwritten subjective answers is a crucial yet
time-consuming task in the education sector. Subjective questions
enable a comprehensive assessment of a student’s understanding
and critical thinking by allowing open-ended responses. However,
this flexibility comes with significant challenges. Unlike objective
questions, subjective answers often vary in length, structure,
vocabulary, and phrasing. Evaluating such responses requires
evaluators to understand the context, check for accuracy, and
maintain consistency, which can lead to potential biases and
fatigue.

In recent years, automated evaluation of answers has gained
attention. While automated grading of objective questions is
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straightforward due to predefined answers, subjective answers pose
unique difficulties. Natural language, being inherently ambiguous,
requires advanced techniques to analyse and compare answers
effectively. Traditional methods, such as keyword matching and word
counts, fail to capture the semantic meaning of text, limiting their
applicability for evaluating descriptive answers. Furthermore, the lack of
high-quality datasets for subjective answers compounds this problem.
This project proposes an Answer Sheet Evaluation System that integrates
Optical Character Recognition (OCR) and Natural Language Processing
(NLP) techniques to automate the evaluation of handwritten subjective
answers. The system employs OpenCV and PyTesseract to extract text
from handwritten answer sheets and preprocesses the extracted text using
NLP techniques like tokenization, stopword removal, and lemmatization.
The evaluation is performed using two approaches:

TF-IDF with cosine similarity, which measures textual similarity based
on word importance and frequency.

Semantic similarity using pre-trained Sentence Transformers, which
compares the contextual meaning of sentences.

The system ensures a context-aware evaluation by handling synonyms,
variations in phrasing, and sentence structures. For example, answers
like “The Eiffel Tower is located in Paris” and “Paris is home to the
Eiffel Tower” are recognized as semantically similar, despite differences
in word order. The use of semantic models overcomes the limitations of
traditional approaches, providing more accurate and reliable grading.

II. LITERATURE REVIEW

To find commonalities between various legal papers, a researcher used
the word2vec technique in conjunction with a corpus of legal texts. The
similarity between several text vectors was measured using cosine
similarity. Consequently, word2vec boosted accuracy by 0.2 when
compared to the Bag of Words method, and this improvement may be
further enhanced by 0.05 0.10 when the word2vec model was trained on
legal documents [1]. A multi-criteria decision- making approach was
proposed by a researcher in another work to determine the similarities
between legal texts. In order to determine the similarity value
between various papers, the work involved the use of artificial
intelligence and aggregation techniques like ordered weighted average
(OWA). The dataset was sourced from case rulings by the Indian
Supreme Court between 1950 and 1993. Recall and Flscore evaluation
metrics were employed. With an F1-score of up to 0.8, a concept-based
similarity approach—Iike the one suggested in the work—performed
better than other methods, like TF IDF [2].

Using various word embedding models, clustering algorithms, and
weighting techniques to determine the context of sentences, a
study examined a number of parameters influencing phrase
similarity and paraphrasing detection. AraVec and FastTex, two pre-
trained embeddings, were both Arabic-language trained. There were
around 77,600,000 tweets in the Arabic training

dataset. Consequently, pre-trained embedding using expert-labeled data
yielded improved recall and precision of 0.87 and 0.782 for
agglomerative clustering and K-means, respectively [3]. A team of
researchers suggested using Latent Semantic Indexing to evaluate
online subjective questions. They created a k-dimensional LSI space
matrix using subjective ontologies and Chinese automatic segmentation
algorithms. Following the presentation of the responses in TF-IDF
embedding matrices, the term-document matrix was subjected to
Singular Value Decomposition (SVD), creating a semantic space of
vectors. The role of LSI was to lessen polysemy and synonym issues [4].
Finally, cosine similarity was used to determine how similar the



responses were. The dataset, which included 850 teacher-marked
occurrences and 35 classes, revealed a 5% discrepancy between
teacher- graded assignments and the suggested system.

The idea of employing Word Mover's Distance (WMD) to
determine the differences between two texts was introduced by a
team of researchers. The system loosened the vector space
boundaries using a relaxed WMD technique and did not employ any
hyper-parameters. Eight real-world datasets were used, such as
BBC sports articles and sentiment data from Twitter [5]. Two more
bespoke models were trained in addition to the Word2vec model
from Google News. The testing data was categorized using the
KNN classification approach. Consequently, loosened WMD
resulted in 2-5 times faster classification and lower error rates. Due
to its strong performance with the morphologically complicated
Korean language, a method for grading short descriptive answers
using the lexicosemantic pattern (LSP) was presented in a paper
[6]. To better comprehend the user's intentions, LSP might organize
the answer's semantics. To help the terms fit different answer
styles, a list of synonyms was also used. 88 students' datasets were
converted to LSP and then compared to the solution LSP in order to
assign a score. Consequently, the system outperformed the current
system by 0.137 [7].

A pair-wise similarity measure was devised by another set of
researchers to determine how similar two documents are based on
the keywords that exist in at least one of the documents. A
modified version of the preferred properties technique, the paper
suggested a new similarity measure called PDSM (pair-wise
document similarity measure). The suggested similarity metric was
used in text mining applications like K-means clustering,
documents identification, and k Nearest Neighbors (kNN) for
single-

label classification [8]. The PDSM technique outperformed other
metrics, such as the Jaccard coefficient, by 0.08 recall, according to
an evaluation measure of accuracy. A cosine similarity metric was
employed by another researcher to assess the similarity of
sentences after representing words on a fixed-sized vector space
model using the word2vec technique [9]. The sentence vector was
produced by averaging the words in the sentence using Google's
Word2vec tool. If the score above a predetermined cutoff point for
similarity results, which ranged from 0 to 1, it was acceptable.
Using recall and accuracy as evaluation metrics, the system's
performance was 50.9% with and 48.7% without the probability of
sense distribution.

Another study used formal concept analysis (FCA) to provide a
new method for detecting plagiarism. Starting with two sets of
items that had some qualities that connected the element to its set
in some way, the study demonstrated formal context in FCA [10].
In FCA, the documents and their common keywords created a
group set with values that are normally, but not always, between 0
and 1. The method made use of a context with several values. A
novel idea of similarity that makes use of both attribute purpose
and object extent was also presented in the work. The method,
which ranks similar documents based on their similar object and
attribute intents, is not typically employed in similarity analysis.
With 94% accuracy, the suggested approach identified plagiarism
in documents [11]. Another study used idea graphs to provide a
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new method for evaluating subjective questions. Concept graphs were
made for the response and the solution, and several graph similarity
techniques were used to assess the score. One group described several
methods for finding similarities between concept trees and how to extract
information from them [12].

II. METHODOLOGY
The proposed system for the Answer Sheet Evaluation System using NLP
integrates OCR and NLP to automate the evaluation of handwritten
subjective answers. The methodology is divided into several key steps:
Input Acquisition: Handwritten answer sheets are submitted in the form
of scanned PDFs or images. These inputs are pre-processed to improve
text extraction accuracy.
Optical Character Recognition (OCR): The OCR component uses
OpenCV and PyTesseract for text extraction from handwritten answer
sheets.
Image Preprocessing: Noise reduction is applied to enhance image clarity
using techniques like Gaussian blur. Thresholding converts images to
binary format for better OCR performance. Resizing and normalization
ensure uniformity across inputs.
Text Extraction: PyTesseract processes the pre-processed images and
extracts text from handwritten content, converting it into a digital format
for further evaluation.
Text Preprocessing: The extracted text undergoes several preprocessing
steps to prepare it for evaluation:
Tokenization: Splits the text into individual words or tokens.
Stopword Removal: Eliminates common words like "is", "the", and "and"
that do not contribute to meaning.
Lemmatization: Reduces words to their base forms (e.g., "running" —
"run") to ensure uniformity.
Text Similarity Evaluation: To evaluate the relevance and accuracy of the
extracted text, two NLP-based approaches are employed:
Traditional Method (TF-IDF with Cosine Similarity):
TF-IDF: Represents the text as numerical vectors based on the
importance of words in the document (Term Frequency) and their rarity
across documents (Inverse Document Frequency).
Cosine Similarity: Measures the similarity between the TF-IDF vectors of
the student's answer and the model answer.
Output: A similarity score between 0 and 1, scaled to a percentage for
grading.
Semantic Similarity (Pre-trained Sentence Transformers):
Sentence Transformers: A pre-trained model (paraphrase- MiniLM-L6-
v2) generates dense embeddings for the student's and model answers.
Cosine Similarity: Compares the embeddings to determine the semantic
similarity between the two answers.
Output: A similarity score that captures contextual meaning, even for
paraphrased answers.
Scoring and Grading: Both similarity scores (TF-IDF and semantic) are
scaled to a percentage between 0 and 100.
Example: Student Answer: "Gravity is the force that pulls objects toward
Earth." Model Answer: "Gravity pulls objects toward the Earth." TF-IDF
Score: 67%. Semantic Score: 95%.
Result Visualization: The system visualizes the evaluation results using
bar graphs: Average scores from both approaches (TF-IDF and semantic
similarity) are compared. This visualization highlights the performance
difference between traditional and semantic methods.
Output Storage: The final results, including similarity scores and grades,
are stored in a CSV file for easy access and further analysis.
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Fig. 1. Word2Vec embedding example

Word2vec is a method for learning word connections from a big
dataset using a neural network model. It may be taught for high
dimensions, like 300, which preserves the semantic sense of the
words. A word2vec model can identify synonyms or recommend
additional words depending on the sentence once training is
finished. Google News' 300- dimension word2vec model, which
has about 100 billion words, is an example of a pre-trained
word2vec model. Following the conversion of the text into
numerical form, or vectors, it is time to compare the vectors and
determine how similar or distinct they are. Word Mover's Distance,
Cosine Similarity, and Jacquard Similarity are a few of the most
used techniques for this task. Figure 1 shows the embedding of
Word2Vec.
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Fig. 2. Final Score Prediction Flow Chart

Final score prediction is shown in Figure 2. The machine learning
module provides input, and the class derived from the ML module
is used to validate the overall score. Let's say the score and the
class match. The score is regarded as final. Depending on whether
the model-suggested score is higher or lower than the Similarity
equivalent score, half the number of values in that range are added
or subtracted if the class does not meet the score. If the machine
learning model has been extensively trained, the adjusted score
after the model suggestion is deemed final, accepting some
inaccuracy from both the Score Prediction and the Machine
Learning Module. Alternatively, it is assumed that the machine
learning model is not sufficiently trained and the score is true.

IV.RESULT
The results obtained from the "Answer Sheet Evaluation System
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Using NLP" highlight its effectiveness in automating the grading process
and improving the overall evaluation experience. The discussion focuses
on various aspects, such as accuracy, efficiency, scalability, and the
challenges encountered during the implementation and testing phases.
The system's performance was evaluated by comparing its grading results
with those of experienced human evaluators. Key observations include:
The NLP algorithms demonstrated a strong ability to identify the
semantic similarity between students' answers and the model solutions,
ensuring that answers with different wordings but the same meaning were
correctly evaluated.

The system showed high precision in detecting correct points and logical
content, with recall rates indicating its ability to identify most relevant
aspects of the answers. The system effectively handled linguistic
variations, such as synonyms, rephrased sentences, and passive voice,
ensuring fair grading across diverse answers.

The system significantly reduced the time required for grading,
evaluating hundreds of answer sheets in a fraction of the time compared
to manual evaluation. Teachers and educators reported reduced workload
and faster turnaround times for delivering results to students. The
automation of feedback generation savesd additional time by providing
students with instant, constructive insights. By eliminating human biases
and inconsistencies, the system ensured that all answer sheets were
evaluated using the same criteria. Students with unconventional phrasing
or different writing styles received fair scores as long as their answers
were semantically correct. The system was able to handle large datasets
efficiently, making it suitable for institutions and organizations with high
volumes of answer sheets. Cloud- based deployment further enhanced its
scalability, allowing access to remote evaluation for online examinations.

Avorage Similarty Scores Arross Dataset

Fig. 3. Actual vs Predicted Values for LSTM

The results are as follows: in Figure 3 Bar Graph - Average Similarity
Scores Across Dataset: This bar graph compares the average similarity
scores obtained using different evaluation methods: Traditional (TF-IDF
based), Semantic (BERT-based or Word Embeddings), and Model
Answer. The Traditional method (Blue bar) shows a lower average
similarity score (~67), indicating that simple lexical matching (TF-IDF)
does not capture deep semantic meaning. The Semantic method (Green
bar) has a significantly higher score (~93), as it considers context and
meaning rather than just word matching. The Model Answer (Red bar)
represents the perfect reference score, i.e., 100, against which student
answers are compared.
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Figure 4 shows the Terminal Output - Execution Results: This
shows the execution of the evaluation script (main.py) within a
virtual environment (venv). It downloads necessary NLP resources
like punkt, stopwords, and wordnet from nltk data. The evaluation
completes, saving results to results.csv. The Average TF-IDF
Score: 67.3312, which aligns with the Traditional method's score in
the bar graph. The Average Semantic Score: 93.7994, which aligns
with the Semantic method's score, confirming that the semantic-
based approach provides a more accurate evaluation compared to
traditional TF-IDF-based scoring.

While the system achieved impressive results, several challenges
were identified: For highly subjective or open- ended answers, the
system struggled to perfectly capture the intent or depth of the
response, occasionally leading to discrepancies with human
evaluation. While the system could tolerate minor grammatical
issues, excessive spelling or grammatical errors sometimes
impacted evaluation accuracy. In certain technical or highly
specialized subjects, the NLP models required extensive training to
accurately evaluate answers. The accuracy of the system depended
heavily on the quality of the predefined answer key or model
solutions. Ambiguous or incomplete answer keys led to
inconsistent results. Teachers appreciated the system's ability to
provide consistent and unbiased results, though they emphasized
the need for manual oversight in subjective cases. Learners
benefited from detailed feedback and quicker access to their results,
which improved their understanding and helped them identify
areas of improvement.

V. CONCLUSION

The Answer Sheet Evaluation System using Natural Language
Processing successfully automates the assessment of handwritten
subjective answers by integrating OCR and NLP techniques. The
system effectively extracts handwritten text using OpenCV and
PyTesseract, preprocesses it, and evaluates its similarity with
model answers using two approaches: TF-IDF with cosine
similarity and semantic similarity using Sentence Transformers.

The results demonstrate that semantic similarity models
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outperform traditional TF-IDF- based approaches by capturing
contextual meaning and handling paraphrased responses more
effectively. The system provides efficient, scalable, and consistent
evaluation, reducing manual effort and minimizing human bias in
grading. This work lays the foundation for automated grading in
educational institutions, enhancing efficiency and accuracy. Future
enhancements may include multilingual OCR support, advanced deep-
learning models for text evaluation, and real-time answer sheet
processing to further improve its effectiveness. The proposed system
represents a significant step towards modernizing subjective answer
evaluation and has the potential to be integrated into digital learning
platforms and examination systems for large-scale adoption.
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Abstract— In the current research, convolutional neural
networks (CNNs) and MobileNetV2 are used to provide a deep
learning-based method to detect diseases in the leaves of rice
and wheat plants. To improve performance, the model
utilization of data augmentation and transfer learning
techniques. For testing, validation, and training, a data set of
pictures of wheat and rice leaf is utilized. 90.6% test accuracy
was obtained by the suggested model, indicating its potential as
a trustworthy instrument for agricultural early disease
diagnosis. This strategy provides a scalable, economical, and
effective way to reduce crop losses and raise agricultural
output.

Keywords— Crop disease, MobilenetV2, CNN, Data
Augmentation, early stopping, Image Classification, Transfer
Learning

I. INTRODUCTION

The backbone of global food security is agricultural productivity,
as basic crops like wheat and rice provide nutrition for billions of
people worldwide. But these vital crops are frequently afflicted by
a number of diseases, leading to large yield losses that jeopardize
economies and livelihoods. The conventional disease detection
techniques, which mostly depend on agricultural specialists'
manual inspection, are not only subjective but also time-
consuming. Farmers in isolated and neglected regions are also
frequently unable to use these techniques, which leaves them open
to disastrous crop failures. This demonstrates the pressing need for
a more effective, precise, and easily accessible method of
preserving crop health.

In this paper, we introduce a framework for automated disease
identification that uses Convolutional Neural Networks (CNNs) to
overcome these obstacles. As the foundation of the world's food
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systems, diseases affecting the leaves of rice and wheat are the
main concern. The suggested framework 1is based on
MobileNetV2, a modern, lightweight deep learning architecture
that is optimized for speed and efficiency. Because of its well-
designed architecture, MobileNetV2 may offer excellent precision
and computational efficiency, which makes it appropriate for use
even in settings with limited resources, such rural farms. Through
the incorporation of cutting-edge technology into farming
methods, this framework might affect the way illness is managed.
In addition, is that discovery technologically innovative, but it also
has wider implications for sustainable agriculture, which makes it
significant. Reduced crop losses and better-quality yields can
result from farmers being empowered to act promptly by an
automated system for early disease identification. Also, by
connecting cutting-edge technology with actual events agricultural
uses, this paradigm emphasizes how innovation may help solve the
world's food security issues. This kind of solution is essential for
providing a resilient and secure food supply for future generations
as the globe encounters the twin challenges of population increase
and climate change.

II. METHODOLOGY

This paper uses deep learning that is much more complex and
efficient to deploy for a disease infecting rice and wheat leaves. Our
approach will be using the architecture of MobileNetV2, since it has
achieved a great degree of accuracy for image classification and has
been lightweight as well. It is indeed a very critical feature while
deploying on the devices having limited processing power, and our
model will examine the input in real-time on the very devices.

We had our dataset, containing more than 2000 images of chosen
both healthy and diseased leaf samples, for approximate numbers of
1000 for each crop. These sets were acquired from multiple high-
quality online repositories across a representation of disease type



and imaging conditions as possible within a single set. Using the
strategy of data augmentation helps in making a robust effort
toward enhancing and decreasing biases present in the dataset.
This included the standard transformations of images, like flips,
rotations, and crops, but also more subtle variations in brightness,
contrast, and color saturation that simulate real- world variations
in lighting and environments. With augmentation, our dataset size
had improved enough to nearly reach the number of [Indicated
increased number of images augmentations], greatly increasing
our model's ability to generalize and resist noisy inputs.

Image preprocessing was a significant optimization step in the
performance of the model. The picture was resized to 224x224
pixels, a dimension that was found experimentally to be
computationally efficient and preserve more important visual
features. Min-max scaling was used as the normalization technique.
This means pixel intensities were standardized so that numerical
stability for the model is achieved while variability in lighting
conditions across images is reduced. We started from a pre-trained
MobileNetV2 on the ImageNet dataset [ImageNet paper]. As we
were saving the earlier layers of convolution, we fine-tuned the top
layers of the network so that the model could inherit features
learned from that huge dataset while fine-tuning for specific
nuances that are part of our classification task in rice and wheat leaf
diseases. This type of transfer learning greatly reduced the training
time and maximized the usage efficiency in terms of model training
using fewer computational resources. For the optimizer, the model
used Adam Optimizer [Cite Adam Optimizer]; learning rate of
[Specify Learning Rate] with a batch size of [Specify Batch Size];
this helped prevent overfitting as early stopping was applied if no
improvement was found for [Specify the number of epochs] epochs.
In brief, this approach guaranteed high performance of the model
even over unforeseen data.

(lassification Report:
precision  recall fl-score  support

Bacterial Leaf Blight 0.07 .10 0.8 4

Brown Spot a.a7 0.04 8.8 53
Healthy 0.4  0.03 0.5 155
Healthy Rice Leaf 0.06 0.4 0.89 i

Leaf Blast .04 g.82 B.82 62

Leaf scald 0.04 0.04 B.04 45

Loose Smut 0.7 087 0.de 9

Narrow Brown Leaf Spot g.61 0.03 8.0z 33
Rice Hispa 8.85 0.a7 8.86 43

Septoria 0.0 0.8 0.0 3

Sheath Blight 0.08 0.05 0.6 58

Yellow rust 0.20 0.28 8.3 140

accuracy 8,89
macro avg 0.0 08 0.
welghted avg 0.6  0.89  0.89
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II. RESULT AND ANALYSIS

The results of experiments performed in this paper outline a
great potential of suggested deep learning model in very
accurate and timely disease-detection in rice and wheat crops.
Testing with 90.6% accuracy, our model outperforms several
state-of-the art techniques and makes a good case for our
integrated approach, which brings in the efficiency of
MobileNetV2 along with the resilience offered by transfer
learning and data augmentation. Such accuracy will open
many avenues for improving agricultural practices much
before the diseases are known to occur in farms. The
robustness of the model is further supported by its consistent
performance  across  multiple disease  categories,
demonstrating its ability to distinguish between different types
of diseases.

However, there are some limitations that need to be addressed
in the future. Confusion matrix analysis reveals it could not
tell diseases that were visually similar and so indicated areas
for improvement. Although the overall high accuracy is



promising, cases of misclassification show a more extensive
and diverse dataset is needed. More images should include
subtle variations of disease including different geographical
regions, growth stages of the plants, and severity of the
disease. Furthermore, since MobileNetV2 was already
delivering an extremely good trade-off between efficiency and
accuracy, it would be interesting to benchmark our results
against other leading architectures such as ResNet50 and
InceptionV3 [Cite ResNet and Inception Papers]. More
advanced techniques such as the integration of attention
mechanisms or ensemble learning could improve the model's
performance even further, helping to overcome the existing
weaknesses. The misclassifications were mainly because of
the similarity of the disease symptoms, hence pointing out the
need for feature extraction and possibly further data types,
such as spectral information, to be able to differentiate classes
better.

Fig. 3. Different samples for experiment

IV. FUTURE DIRECTION

This work opens avenues for further research in the pursuit of
further improving the accuracy, robustness, and accessibility of
plant disease detection systems. Some promising avenues of
further research include:
Dataset Augmentation and Enrichment: The dataset is large but
can be significantly expanded. Images from other geographical
locations will enhance the generalization and robustness of the
model due to a wider range of environmental conditions and
varying severities of diseases. Images from different growth stages
of the plants will add more accuracy to the model. Annotations
should be thoroughly validated and enhanced to minimize
inconsistencies and labeling errors.
Multimodal data integration: A greater variety of modalities,
such as hyperspectral imaging or thermal imaging,
V.PARAMETER ANALYSIS
This table summarizes some of the important parameters for a
machine learning pipeline, highlighting the value, architectural
impact, and optimization benefits. Input processing will ensure
optimal feature extraction and stabilized training through
standardized 1image sizes and normalization. The data
augmentation techniques such as rotation, shift and zooming

87|Page

enhance spatial and scale invariance, hence improving robustness.
Training configuration balances speed and convergence with
optimized batch sizes and learning rates. The architecture is
efficient, having a compact model size (14MB, low computational
complexity (>300M FLOPs, and fast can complementarily offer
useful information in making it easier to differentiate diseases
whose symptoms visually look the same. It could be highly
impactful to the accuracy of diagnosis and, hence, a good
approach toward rectifying the problem of basing diagnosis on
visual information.

Advanced Deep Learning Techniques: Feature extraction and
classification will become more efficient using deep learning
architectures such as transformers or graph neural networks. Even
more, ensemble learning may bring enhanced performance by
combining various models into one. What's more, with an existing
attention mechanism in this developed model, the model will be
able to give its focus to the features that it believes are of primary
importance for a precise diagnostic.

Real-Time Deployment with User Interfaces: Developing such
an application, mobile or web based, that integrates the model in
real time would allow diseases detected in actual fields. And this
would help farmers in using the systems directly by empowering
them with all rights information at exactly the right time for some
proactive disease management. The application designed could go
on to offer clear concise and maybe even recommendations along
with treatment course.

Model Explainability and Interpretability: Improving the
interpretability of what the model decides is really important for
fostering trust. Visualization methods are important and will be
ways to make explicit how the decision-making in the model leads
to making decisions. Perhaps saliency maps or visualization of
attention is going to create a new window into decisions,
explaining each diagnosis through the system.

Comprehensive comparison with other models: Our method
must be compared extensively with more current deep learning
models available in the literature for the classification of plant
diseases to prove its competitiveness with others. Hence, a strict
evaluation should be carried out using standardized benchmarks
and datasets in setting up a fair comparison across various
architectures.

The follow-up research directions shall develop and perfect the
capability of automated plant disease detection systems, and
hence, an excellent contribution shall be made toward sustainable
and efficient agricultural practices.

inference times (25ms. It supports most available GPUs with
>2GB  for training, and<500MB for
inference and is mobile friendly.  Finally, the  model
yields competitive performance-Top-1 and Top- 5 accuracy of
71.8%/90.6% respectively on ImageNet benchmarks, as well
as to be robust and production ready.



TABLE I PARAMETER ANALYSIS
. Architecture Lo
Category Parameter Value Impact Optimization Notes
Input Processing
Matches : -
Tmage Size DANIMNI | 150,528 pixels architecture’s | gapfm*’l df"r feature extraction
expected input - Balanced memory usage
. o s Improves gradient | - Stabilizes training
[l L% (=)
Nermalization 1235 [0.1] range flow - Reduces intemal covariate shift
Data Augmentation
. s . Compatible with - Preserves feature locality
Rotation v Varizble conv lavers - Maintains spatial relstionships
- } ) Enhances spatial - Improves robusmess
i 4
Width/Height Shift 02 =20% Invariance - Matches receptive field
. Supports multi-seale | - Scale-mvariant leaming
4 g
Zoom 02 =10% features - Matches conv layer hierarchy
Training Configuration
. - 9 . Optimized for GPU | - Balances convergence and speed
Batch Size 128 24NEB [ batch memory  Suitable for most GPUs
' . Works with - Compatikle with optimizer
Leaming Rate 0.001 Adaptive architectura depth | - Prevents vanishing sradients
Architecture Efficiency
. _ Compressed - Mobile-optimized
Idodel Size ~ 1400E 3.4M params architecture - Reduced redundancy
N . Efficient - Real-time capable
FLOPs ~ 3000 Per inference computation _ Enerey efficient
. - On standard . - Fast encugh for real-time
— % x .
Inference Time 25ms GPU Production-ready - Balanced accuracy
Memory Management
iy ) - . . - Includes gradients
Traming Memory ~2GB Peak usage Fits most GPUs - Batch opfimization
_ . . ) - Includes feature maps
Inference Memory - 500N Faumtime Mobile-deployable | Buffer optimization
Performance Metrics
i 7 Competitive - Benchmark performance
Top-1 Accuracy 11.8% ImageNet accuracy - Qualify baseline
Top-5 Accuracy 90.6% hnageNet | production standard | - LoDt Predictions
p-2 £ 4 e a8 P - Confidence metrics

V. MODEL COMPARISON

This table provides a comparison between different architectures
against their parameters, strengths, weaknesses, and suitability
for research. VGGLl6 is simple but computationally
expensive and therefore very inappropriate for resource-
constrained environments. ResNet50 and InceptionV3 have proven
accuracy but are resource-intensive and more complex than
MobileNetV2. ShuffleNet was optimized for mobile devices with
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low computational costs but sacrifice accuracy. EfficientNet is
highly scalable and efficient, balancing accuracy and parameter
usage but is complex to implement. MobileNetV1 is lightweight
and fast but less accurate than other architectures. MobileNetV2
improves on it with higher accuracy, better efficiency, and
suitability for resource-constrained scenarios, making it a
preferred choice for mobile and edge applications.



TAELE II MODEL COMPARISON

Parameters
Architecture (Order of Strengths Weaknesses Suitability for Research
Magnitude)
Belatively simple Very -::Dm_plmatmna:lly Peoor; too computationally
WVGGELa Milhons architecture, good mﬁ:;’s [gf;ﬁ_ mitensive for resowrce constramed
baszline performance par inferenre environments
]:;I;ilélﬁet: ]:?;-dlc:; Sﬁuﬁg&ﬁ? i:ﬁ:mﬂ_ Moderate; could be suitable
ElesMat30 Tens of Millions deeper networks "< than dependmg on computztional
effectively (resiuzl paranmeters resources
mE;;ﬁonsj MobileNefi2
. . Can be complex to Moderate; offers 2 balance
High accuracy, . S :
L as - =  Ae - implement, less mbutive between accuracy and
InceptionV3 | Tens of Millions cumputanm:lall}- %ﬂmt erchiter-ture than computational cost. but
Campared o VEA- MobileNefV2 MobileNetV2 is more efficient
: : Moderate; very efficient but might
- Designed for mobile S o
Millions (can be = Ry Accuracy can be lower COmpromise on
Sbutest much lower) ciiﬁx:;ﬁlls:s t than other architechures accuracy compared to
MobileNetV2
o Sc_alable mh““—":m Can be more complexto | Moderate to High; highly efficient
Varies widely high accuracy with p i ’
Effcrolliet | poR7) efficient use of implement than and accurate, but
parameters MobileMNetV2 MobileMNetV2 is simpler
. . . Moderzate; similar to ShuffleMet, 2
Lightweight, designed for : :
. . .y =S Aceuracy can be lowwer good compromize
MobilsNetV1 Millions mnbllj;}i;;ﬁ& fast than other architechures but MobileMNetV2 improves on
this
Lightweight, hizh Aceouracy may slightly High; best balance of accuracy,
- ; e accuracy for its size, lowver than larger efficiency, and simplicity for
MobileNet'V2 Millions improved efficiency architectures like Tesource-consiraned
(mverted residual blocks) EfficientNet-B7 environments

VI. ARCHITECHTURE ANALYSIS

This table describes the architecture of a deep learning
model, along with its key layers, output shapes, parameters,
and consideration. For standard resolution, the Input Layer
accepts RGB images of size 224 x 224x 3. The Initial
Conv2D Layer was built with 32 filters that extract basic
features. Meanwhile, it helps downsample the input with a
stride of 2 and uses 864 parameters. The Conv2D Layer
greatly expands features with 1,280 filters and 409,600

parameters to be at the center of feature extraction. The
Global Average Pooling (AvgPool) layer pools all features,
compressing spatial dimensions down to 1x1x1280 for
simplicity and efficiency. Finally, the Dense Layer has an
output of size num_ classes for predictions, and with
1,280*classes parameters, it acts as the classification head
that makes the final prediction. It provides efficiency,
scalability, and an effective extraction of features.

TABLE Il ARCHITECHTURE ANAL YSIS
Layer Tvpe Output Shape Parameters Key Considerations
- RGE input channels
Input Layer A4 I - Standard mput resohition
- Memory efficient size
- Initial feature extraction
Initial Conv2D 12X 112X 32 fad - Stride=2 for down sampling
- 32 filters for baze features
Comv2D 7X7 X 1280 409,600 - Final feature expansion
-1 %1 convolrtion
. - - Feamire aggregation
Global Sxekacl 1X1X1380 - Spatial dimension reduction
Dense o, clasees 1280 * classes - Final classification layer
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VII. ARCHITECTURE COMPARISON
MobileNetV2 is crafted with a compact model size
(~14MB) and fewer parameters (~3.4M), thus being
much faster in inference than ResNet50 (~98MB) and
InceptionV3 (~92MB). This is essential for real-time
deployment on resource-scarce devices like mobile

phones and embedded systems in agricultural
applications. MobileNetV2 only (~92.1%) and
InceptionV3  (~93.7%) but with much less

computational complexity. EfficientNet provides high

InceptionV3 need ~3.8B and ~5B FLOPs, respectively.
This makes MobileNetV2 significantly more efficient
for edge computing to enable disease detection on
mobile devices with minimal hardware. The experiment
attained 90.6% accuracy using MobileNetV2, similar to
deeper models such as ResNet50 and InceptionV3,
which are suitable for high-end GPUs. It ensures that
the model can be used by researchers and farmers
through mobile apps in real-time for detecting diseases
on the farm. The network has high accuracy with low

accuracy (~92.5%) but with a more involved power Consumpti,on’ thereby highly Sl,litabl,e .for
implementation, making MobileNetV2 easier to deploy. practical . apﬁ)llcatlgﬁs on the farm with limited
MobileNetV2 employs the inverted residual blocks, computational capability.
thus highly optimized for edge applications compared to
needs ~300M FLOPs, whereas ResNet50 and
TABLE IV ARCHITECTURE COMPARISION
Architecture Parameters }'é'].fed anmpmut?::l;;; Accuracy Strengths Weakmesses
Lightweight, fast
. ™ | o inference, optimized for | Slizhtly lower accuracy
MobileNetV2 ~34M ~14E ~300M ~50.6% mobile devices. efficient | than desper architecture
feature extraction
High accuracy, deep . .
= Lt High computational cost,
ResNetS0 256M | ~omuB 348 o219 | vetworkwithresidual | " S ired for edee
connections for pradient devi
. gvices
flow
G d[e[pdtﬁrﬁﬁ-:g:iﬁ-m Complax architecture,
g b ~r3 o ! P ?Q—b - LB 1
InceptionV'3 230 AINEB B ~83.7% mults scale feature }J.Ehe!resnmce
extraction i
20MB Optimized scaling, high More complex
EfficientNet ~33M e ~400M ~82 5% arcuracy for a amall implementation, slightly
model larger then MobileMetV2
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TABLE WV PERFOEMAMNCE ANALYSIS ( EDWGE DEVICES )

Device Performance U=sability Challenges

Fast (~25ms per

Smartphone . . High usability with mobile Fequires conversion to
CAndroid/ iOS with mfg:;fs%iﬁsﬁéed apps for real-time dizease TFLite format potential
TensorFlow Lite) TensorFlow L ite detection precizion loss
Slower than smartphones

Moderate (~100-
300ms per inference
depending on BLAND)

Can be deploved with
TensorFlow Lite or OpenCW
for real-time field analysis

due to limited processing
power, model
guantization needed

Faspberry Pi 4
(2GB/MAGESGE FLAM)

TTeable but not recommended I

for _time processine: Extramely slow inferencs,

Faspberry P1 Zero Slow (~1-2 seconds per requires aggressive model

S12ME BAN inference better surted for todic - Al
€ D 3 batch pcrocessi?:lrs pruning and quantization
MNWIDLA Jetzon MNangal Fast (~30-50ms Ideal for real-time fisld Feguires TensorBET
{468 P.AMN, 128-core '”E - 3 per applications, can process optimization for peak
GPLT) multiple images per second performance

Cannot run a full
MobileMNetWV2 model; needs
cloud processing

ESP32-CANM (Low-
power IoT device)

Memoery and computation

Mot feasible limitations

TABLE VI PERFORMANCE COMPARISON (BASET TNES )
Model Accuracy Inference Time Computational Cost Suitability for Edge Devices
- . Excellent (Smartphones,
I | ri "'|{_ — >
MokileMNetV2 90.6% 25-300ms High (~300M FLOPs) Tetson Nano, Raspberry Pi 4)
Support Vector = gso R High (Scales poorly with Poor (Slow inference on
Machine 13-85% 500-2000ms large datasets) edge devices)
Very High (Memory & -
K-Nearest Neighbors 70-80% 1000-5000ms computation zrow with Mot feasible for real-
datnsed) time edge applications
Good for small-zcale
Diecizion Tres 63-T3% =1 0mz Low edee applications but
less accurate
R - Uzable but not ideal for
Fandom Forest T3-85% 30-300ms Moderate realtime classification

VIII. CONCLUSIONS early and better identification of diseases thus ensuring security of

This work is a milestone in the development of autonomous plant
disease detection. The approach of applied data augmentation
along with transfer learning methodologies into MobileNetV2 has
resulted in a highly accurate and computationally efficient model
to identify the diseased leaf in rice as well as wheat. Therefore,
this work portrays the actual deep ability of deep-learning
technologies toward revolution in agricultural operations through
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foods. This model, with such excellent accuracy and efficiency, is
a great candidate for practical application, especially in resource-
limited environments where traditional diagnosis methods are
being challenged.

The rapid and accurate identification of diseases by this model
helps farmers respond to them quickly, thereby reducing crop loss
and promoting sustainable farming practices.
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Abstract: Load balancing is essential in fog computing, a
concept that brings cloud-based computing capabilities to
the network's edge. This shift enables services to be
delivered in closer proximity to end-users and devices,
reducing latency and improving responsiveness. However,
due to the decentralized and resource-constrained nature of
fog networks, effective load balancing becomes a
significant challenge. The primary goal of load balancing
in fog computing is to ensure the efficient allocation of
incoming tasks or requests across available nodes. By
evenly distributing the workload, it prevents some nodes
from becoming overloaded while others remain
underutilized. Implementing efficient load balancing
strategies improves overall network performance and
optimizes resource utilization. This ensures that all fog
nodes contribute effectively to handling tasks, leading to
better system reliability and lower response times.
Additionally, balanced workloads help enhance energy
efficiency and extend the lifespan of fog devices, which
often have limited power and computational resources.
Therefore, load balancing is crucial for keeping the
scalability, performance, and stability of fog computing
environments.

This research paper explores various aspects related to
load balancing algorithms and presents a proposed
resource allocation technique aimed at achieving efficient
load balancing within fog-edge networks. The unique
characteristics of fog-edge environments, such as
proximity to end-users, resource heterogeneity, and
dynamic workloads, necessitate the development of
effective load balancing mechanisms to ensure optimal
system performance.

Keywords: Cloud-Fog computing, Edge Computing, Load
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Balancing, Resource Mgmt, IoT, Fog Load
I. Introduction

CISCO has presented its fog computing concept, which
allows applications to run directly at the network edge on
many of connected devices in the lot users rely on Cisco's
networked device architecture, which includes hardened
routers, switches, and IP video cameras, to design,
operate,and run software applications. According to [1],
fog computing has emerged as an intriguing model for
managing data-intensive applications at the network's
edge. It enables data processing and storage to take place
closer to the end- users, thereby reducing the latency and
improving the overall performance. However, the
resource-constrained nature of fog devices and their
heterogeneity pose several challenges, including load
balancing. Cloud computing faces limitations in loT, such
as high latency, network congestion, lack of mobility, and
heavy server loads. Fog computing addresses these issues
by bringing computation and storage closer to edge
devices, reducing latency, improving performance, and
enabling real-time data processing, filtering, and analysis
for critical applications like smart cities and healthcare. It
offers advantages like lower latency, improved bandwidth,
reduced transmission costs, enhanced privacy, and local
data processing. Invented by Cisco, fog computing allows
IoT devices to process and store data locally, reducing
reliance on the cloud, while still enabling access to cloud-
like services for improved efficiency.[2][3].
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relate closer to each

Simply the reason Fog over Cloud Computing:

v' Managing private data centers for clients
dealing with batch processing, web
applications, storage resources, and network
communication costs.

v The existing cloud computing architecture
rarely meets the needs for mobility assistance,
location awareness, and low latency.

v' Existing data protection mechanisms, such as
encryption, fail to protect data from attackers

effectively.

v It is not confirmed whether the user is authorized or
not.

v' The security of cloud computing does not
prioritize protecting data from

unauthorized access.

II. Efficient Load Balancing Algorithms:
Literature survey

This section delves into various load balancing algorithms
proposed by researchers for achieving load balancing in
fog computing. The focus here is specifically on
algorithms  associated with  experimental setups,
highlighting their performance advantages and limitations.
Below is a summarized review from the research paper,
followed by a detailed analysis of its findings.

Alsokhiry et al. [4] propose a cloud-fog computing
framework to enhance smart grid efficiency by managing
big data with low latency and position awareness. The
study introduces a hybrid gray wolf differential evolution
algorithm (HGWDE) for optimized resource allocation,
which outperforms traditional methods in simulations
while maintaining comparable efficiency to gray wolf
optimization.

Alsadie et al. [5] survey advancements in Fog Computing
(FC), emphasizing its role in addressing IoT latency
challenges through edge processing. The study examines
resource management, task scheduling, load balancing,
and Al integration, providing critical evaluations and
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comparative analyses. Future directions include advanced
Al techniques, novel architectures, and enhanced security
for FC deployments.

Liu et al. [6] review fog computing resource-scheduling
strategies, highlighting optimization methods such as
hybrid PSO, MFO, and ABC algorithms. They emphasize
addressing latency and energy consumption challenges
and propose a modified PGABC algorithm for enhanced
scheduling efficiency in loT environments.

Atiq et al.[7] discuss resource allocation challenges in loT
transportation, emphasizing dynamic user demands,
battery- powered devices, and latency-sensitive
applications. They propose a fog computing-based
strategy for efficient resource management, demonstrating
reduced latency and energy consumption compared to
existing methods.

Jamil et al. [8] explore resource allocation and task
scheduling in fog computing and IoE, focusing on
applications like smart agriculture and cities. They present
a comparative study of scheduling algorithms, identify
optimization metrics, and discuss future research
directions for improving scheduling in these
environments.

Kaur et al. [9] emphasize fog computing's role in meeting
IoT application demands, with a focus on resource
management and energy efficiency. They propose the
EcoFogload architecture and EEWO algorithm,
validated via iFogSim, demonstrating improved energy
efficiency, reduced Ilatency, and future research
opportunities in fog-cloud environments. Anusha, K., et al.
[10] introduce the MAO algorithm, a bio- inspired
metaheuristic for efficient task scheduling in Cloud- Fog
Computing. It improves resource allocation, reduces
latency, and enhances performance metrics, achieving a
28% reduction in makespan, a 36% reduction in response
time, and a 31% increase in success rate.

Chebaane et al. [11] emphasize fog computing's role in
supporting time-sensitive applications and highlight
challenges in resource management and reservation. They
propose a cost-effective, predictive resource reservation
method validated with real-world data, reducing costs and
ensuring availability for latency-critical tasks.

Chen et al. [12] introduce FogEye, a performance
telemetry system for fog networks that addresses the
limitations of current techniques. Using a Hierholzer-
based algorithm, Fog Eye reduces probing packets by 20%,
improving cost-efficient monitoring and management for
IoT applications.

Chauhan et al. [13] explore the application of genetic
algorithms (GAs) in task scheduling for fog computing.
The study demonstrates how GAs optimize task
completion, efficiently manage task priorities, and



enhance resource utilization, offering significant benefits
for IoT applications. The paper suggests future research
avenues, including the integration of GAs with other
optimization methods to further improve scheduling
efficiency.

Alsemmeari et al. [14] propose two techniques, priority-
based service allocation (PSA) and sort-based service
allocation (SSA), to optimize resource utilization in fog
computing. These methods lead to a 96% improvement in
service distribution to fog devices, while minimizing
resource  wastage and reducing network data
communication by 88%.

Singh et al. [15] present a resource allocation
technique for SDN-enabled fog computing that
employs Collaborative Machine Learning to improve
resource management. The approach leads to
significant reductions in processing time (19.35%),
response time (18.14%), and energy consumption
(7%), optimizing the utilization of fog resources.

Dwivedi et al. [16] propose a two-sided auction
method to optimize fog resource utilization in fog-
based Radio Access Networks (RAN). By leasing
third-party fog access points, telecom network
operators can improve service delivery, reduce
latency, and maximize social welfare for both users
and fog nodes.

Choudhury et al. [17] propose an energy-efficient fog-
level resource management scheme that optimizes the
utilization of fog resources in software-defined cities.
The scheme enhances performance and reduces
energy consumption through effective resource
allocation and management strategies tailored to
urban environments.

Ahlawat, Chanchal, and Rajalakshmi Krishnamurthi
[18] propose the Q-learning with Function
Approximator for Clustering-based Optimal Resource
Allocation (QL(FA)- CORA) model. This model
enhances fog resource efficiency by optimizing real-
time resource allocation using reinforcement learning
and clustering, addressing challenges posed by
heterogeneous resource constraints.

Santos et al. [19] address efficient resource allocation

in Fog Computing by proposing a network-aware
framework called Diktyo. This framework optimizes
container-based service chains by considering factors
such as latency and bandwidth, leading to a 22%
increase in throughput and a 45% reduction in
latency.

Talaat & Fatma M. [20] propose EPRAM, a
framework that optimizes the utilization of fog
resources by utilizing real-time resource allocation
and prediction algorithms. Through its Resource
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Allocation Module (RAM) and Effective Prediction
Module (EPM), EPRAM improves Average Resource
Utilization (ARU) and Load Balancing Level (LBL),
particularly in healthcare applications.
Jawed, Md Saquib, and Mohammad Sajid [21] present
an enhanced bio-inspired algorithm model for
resource management in fog computing, with an
emphasis on load balancing, task scheduling, and
resource allocation. This model improves resource
utilization, reduces energy consumption, and
minimizes  latency, with its  effectiveness
demonstrated through simulation results.
Kadhim, Abrar Saad, and Mehdi Ebady Manaa [22]
proposes a hybrid load balancing algorithm for
efficient resource allocation in fog computing,
addressing challenges like bottlenecks and delays. It
optimally distributes network load, achieving
significant improvements in latency, response time,
and packet loss rates.
Chandra et al. [23] introduce a new resource-
provisioning framework for fog nodes that focuses on
optimizing both cost and energy consumption, while
also accounting for latency sensitivity and reliability.
Their approach results in improvements of 35% in
cost and 37% in energy efficiency when compared to
non-optimized frameworks.

III1. Proposed Methodology & Discussion

II1.A Introduction:

Numerous load-balancing techniques have been
introduced in the context of fog computing, each aiming to
enhance resource allocation and management to address
the dynamic requirements of modern networks. Among
these, one approach involves an algorithm specifically
designed to minimize the time taken for processing and
communication at each edge-fog node. This study
emphasizes the critical role of load balancers in achieving
energy efficiency within fog-edge networks by optimizing
resource utilization and load distribution.

The proposed Resource Management Technique utilizes
an intermediate load balancer, strategically positioned
between the edge and fog layers. This placement ensures
effective handling of workloads generated by edge
devices, which are often characterized by fluctuating
demands. The load balancer is responsible for monitoring
resource availability and usage, dynamically distributing
tasks among fog nodes to prevent overloading and
underutilization of resources. By intelligently allocating
tasks and optimizing resource distribution, this technique
minimizes energy consumption while maintaining
consistent network performance.

The functionality of this approach is discussed in



subsequent sections, which detail how the intermediate
load balancer ensures efficient communication between
edge devices and fog nodes, balances computational
workloads, and reduces latency. The advantages of this
technique include improved resource utilization, enhanced
energy efficiency, and reduced response times—factors
critical for supporting real-time applications. Furthermore,
the implementation methodology of the load balancer is
explored, show casing its practical applicability in modern
fog computing environments.

Similarly, Alankar et al. [24] examined the concept of
deploying an intermediate load balancer within virtual
cloud environments. Their research highlights the
significant potential of such systems to optimize resource
distribution by leveraging real-time monitoring and task
allocation. This foundational work underscores the
importance of load- balancing mechanisms in achieving
efficient and scalable resource management, making it a
valuable reference for advancements in fog computing
research.

IIL.B Proposed Methodology for Resource Allocation
in Fog Networks

This section outlines the proposed methodology for
efficient resource allocation in fog computing, focusing on
energy efficiency, load distribution, and resource
utilization across edge and fog layers. The approach
incorporates a systematic sorting and allocation
mechanism to dynamically allocate resources while
meeting performance and energy efficiency objectives.

Haw = i -
= T ooy @ g m

g | - T v [ — W Loy =

Figure 3.1: Proposed Load balancer

» Step-1: Data Sorting and Prioritization :
The first step is to sort the incoming data
based on key metrics such as energy levels,
capacity, or task priority. Sorting the data in
descending order allows high- priority tasks
or high-capacity resources to be prioritized,
which reduces latency and optimizes
performance at each edge-fog node.

e Action: Sort data based on the chosen
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priority metric.
e Output: A sorted dataset that prioritizes
critical tasks or resources.
> Step-2: Special Node Detection: Next, we
identify ~ whether the topmost row
corresponds to a special node with unique
capabilities. Special nodes require different
handling compared to standard nodes in
resource allocation.
Action: Check if the topmost node is a
special node.
Output: Flag to indicate whether the node
is special or not.
> Step-3: Resource Allocation Based on
Thresholds: For non-special nodes, we
assess whether their energy level and
capacity exceed predefined thresholds.
Resources meeting these criteria are
allocated to the task, while others are
discarded.
Action: Evaluate whether the resource
meets the energy and capacity thresholds.
Output: Allocated resource (if thresholds
are met) or discarded.
» Step-4: Handling Special Nodes: If the
node is special, we move to the next row
and repeat the evaluation process. Special
nodes are handled separately to ensure they
are appropriately processed.
Action: Skip special nodes and check
subsequent rows.
Output: Allocated resource or
continuation to the next row.
> Step-5: Dynamic Resource Allocation and
Load Balancing: In this final step,
resources are allocated to fog nodes
dynamically, balancing the load across the
network and ensuring energy optimization.
The allocation process adapts to real-time
conditions to meet task demands while
maintaining network performance.
e Action: Allocate resources and balance
load across the fog network.

e Output: Optimally allocated resources that
improve energy efficiency and performance.

I11.C Key Features of the Proposed Methodology:

a. Efficiency: Prioritizing resources based on key
metrics ensures efficient resource utilization and
reduces unnecessary processing.

b. Energy Optimization: The approach minimizes
energy consumption by allocating resources
dynamically.



c. Dynamic Allocation: Real-time resource allocation
adapts to changing network demands.

d. Scalability: Suitable for large-scale fog networks
with growing numbers of edge and fog nodes.

e. Load Balancing: Efficient load distribution prevents
bottlenecks, ensuring consistent performance.

This resource allocation methodology provides a
novel, energy-efficient solution for managing fog and
edge resources. Through sorting, special node
handling, and dynamic allocation, the approach
optimizes resource utilization and supports real-time
applications. The methodology paves the way for
further research into advanced resource management
techniques in fog computing environments.

LD Implementation:

The proposed algorithm is implemented to achieve
efficient resource allocation and management in fog-
edge computing networks. Its primary goals are to
reduce energy consumption, minimize latency, and
improve system performance by dynamically
balancing workloads across fog nodes. An
intermediate load balancer, positioned between edge
and fog layers, monitors resources and distributes
tasks effectively. Upon receiving data, the algorithm
prioritizes tasks by sorting them in descending order.
It evaluates each task's energy and capacity against
predefined thresholds, assigning eligible tasks to fog
nodes while skipping others. Special nodes are
handled separately to ensure optimal load distribution.
The methodology ensures balanced resource
utilization by  preventing overloading and
underutilization. The load balancer adapts task
assignments in real time to match dynamic network
conditions. Simulation results validate the algorithm’s
ability to enhance energy efficiency, resource
utilization, and task processing, proving its
effectiveness for fog-edge networks.
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Figure 3.2: Architecture of the Proposed Method

IV. Result & Discussion
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IV.A Implementation

The proposed resource allocation methodology addresses
the challenges of dynamic task management and energy-
efficient load balancing in fog computing. With the
increasing demand from IoT applications, fog networks
must efficiently handle fluctuating workloads while
optimizing resource utilization. The method employs an
intermediate load balancer between edge and fog layers to
streamline task allocation. By incorporating data sorting,
energy-capacity checks, and iterative task distribution, it
ensures optimal fog node utilization, reduces latency, and
conserves energy.This section outlines the implementation
framework, detailing steps for task prioritization, resource
evaluation, and dynamic load distribution to enhance system
performance across diverse fog environments.

IV.B: Input & Output Parameter

Given the input parameters: Number of Fog Nodes = 500,
Energy Threshold = 10, Energy Level Decreased per Task =
10, Total Bits = 1000, Load Per Bit = 10.

Here is a step-by-step process to interpret the scenario and
how these values would be used in a fog computing
environment: Step 1: Initialize Fog Nodes: Each of the 500
fog nodes will have an initial energy level (e.g., randomly
initialized or pre- configured based on the network setup).
The energy threshold of 10 ensures that nodes with energy
levels below this value will not be allocated tasks to avoid
failure or inefficiency.

Step 2: Task Generation: Total bits = 1000 represent the
workload generated by edge devices. Each bit corresponds
to a load of 10 units, so the total workload in this case is:
Total Workload= Total Bits *Load Per Bit= 1000*10 =
10,000

Step 3: Task Allocation Process:

* Sort Nodes by Energy Level (Descending Order): Nodes
are sorted in descending order of energy level. This ensures
the highest energy node is prioritized for allocation.

* Allocate Tasks to Eligible Nodes: For each node, check if
its energy level is above the energy threshold (10). If yes,
allocate the workload bit by bit until the node reaches the
energy threshold or the workload is fully allocated. For
every task allocated, decrease the node's energy level by

**Energy Level Decreased = 10.



* Move to the Next Node: If a node’s energy level falls
below the threshold, skip to the next node in the sorted list.
Repeat the process until the entire workload is allocated or
all eligible nodes are exhausted.

Step 4: Check for Remaining Workload: If the workload
is not completely allocated due to insufficient node energy,
notify the system or log the unallocated workload for later
re- distribution.

Step 5: Performance Metrics: Calculate the following to
evaluate the allocation efficiency:

1. Energy Utilization: Total energy consumed by nodes
during task allocation.

2. Latency Reduction: Time taken to allocate tasks across
the network.

3. Load Balance: Evaluate the load distribution across nodes
to avoid overloading specific nodes.

This process ensures efficient resource utilization while
respecting energy constraints and preventing network
failures. If needed, additional logic for load rebalancing or
task migration can be incorporated.

IV. C: Result Analysis:

LI Time vs Packet sent status: To analyze time vs. packet
sent status for the given method, we can evaluate how
packets (representing workload tasks) are distributed over
time across the fog nodes. Below is a breakdown of how
this relationship is handled in the proposed method:

* Factors Affecting Time and Packet Transmission:

Number of Fog Nodes: 500 fog nodes influence the
parallelism in packet transmission.

Energy Threshold: Nodes below the energy threshold
(10) are skipped, reducing active participation.

Energy Level Decrease (10 units per task): Limits the
number of packets each node can process before dropping
below the threshold.

Total Packets: Each "bit" corresponds to a task. The total
workload is 1000 packets, with a load of 10 units per bit.

Time Per Packet Transmission: The time required to transmit
each packet depends on network and computational
efficiency.
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* Key Relationships:

Time Taken Per Packet (T): T = T computation +
T transmission, where: T computation: Time for a node to
process a packet. T transmission: Time to transmit the
packet to/from the node.

Packets Sent Over Time: At each time step, packets are
allocated to nodes based on their available energy and

capacity.
* Graphical Representation:

The relationship between time (x-axis) and cumulative
packets sent (y-axis) is illustrated in Figure 4.1, where the
slope decreases over time due to diminishing energy levels
and node availability.

Figure 4.1: Time vs Packet sent status

Initially, the curve has a steep slope as all nodes are
active. Over time, the slope flattens as nodes drop below
the energy threshold and fewer packets are sent.

M Time vs. Energy Diagram: The graph typically
represents the relationship between time on the x-axis
and energy consumption or remaining energy on the
y-axis. Energy consumption can vary based on
factors such as node availability, load distribution,
and task execution.

o Initial Energy Level: At time t=0, the system
starts with a predefined energy level (e.g.,
energy threshold of 100% or initial value).

e Energy Decreases Over Time: As the tasks
are processed and the load is balanced across
fog nodes, the energy consumption increases.
For each task assigned, energy is expended
(according to the load per bit and the resource
allocation performed).

e Fluctuations: The energy level may
fluctuate depending on the load balancing
and resource management. For instance,
when a node reaches its energy threshold
and tasks are offloaded to other nodes,



there will be small dips or reductions in
energy usage, as energy-intensive tasks
will be redistributed across the system.
Energy Stabilization: After some time,
the energy levels may stabilize if the
system continues to balance the load and
redistribute  tasks efficiently across
available nodes. This could happen if the
resource allocation system optimizes
energy usage by dynamically reassigning
tasks.

Figure 4.2:

Time vs Energy Level Diagram

M Packet Sent Status: The packet sent status for
the proposed resource allocation methodology
can be analyzed by observing how packets are
distributed across the fog network during task
execution. The following outlines the expected
behavior:
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Energy  Constraints and  Node
Availability: As the fog nodes' energy
levels decrease over time, their ability to
handle and forward packets diminishes,
resulting in reduced packet transmission
rates.

Load Distribution Adjustments: The
system dynamically reallocates tasks
based on the energy availability of nodes,
ensuring  efficient load balancing.
However, as the load balancer adapts to
these changes, packet distribution may
become less efficient.

Diminishing Energy & Packet Delivery
Efficiency: Over time, as energy
depletion and task redistribution occur,
packet delivery efficiency declines. While
the system ensures effective task
execution in the initial stages, energy
constraints and load balancing
adjustments lead to a gradual reduction in
the rate of packet transmission.

1w reot sorvl sbeibus bar charrt

Figure 4.3: Packet sent vs not sent Status

This behavior reflects the resource optimization and energy-
efficient scheduling inherent in the methodology. Initially,
the system facilitates high-efficiency task execution and
packet delivery; however, as energy levels decline, the
packet sending rate slows down due to these operational
adjustments.

V. Conclusion & Future Scope
V.A: Conclusion:

This paper presents an energy-efficient resource allocation
approach for fog computing networks, aimed at optimizing
dynamic task allocation and load balancing across fog
nodes. The methodology uses an intermediate load balancer
between the edge and fog layers to enhance resource
utilization and reduce energy consumption. By
implementing real-time data sorting, energy-capacity
evaluations, and iterative task distribution, the approach
effectively addresses challenges like workload fluctuations
and node availability. Simulation results confirm its ability
to manage load distribution efficiently while maintaining
system performance and minimizing energy usage. Future
work can refine this approach, integrating predictive
techniques and improving adaptability for dynamic fog
environments.

V. B: Future Scope:

The future scope of the proposed methodology lies in
further enhancing its adaptability and scalability for more
complex fog computing environments. Integrating machine
learning techniques for predictive resource management
could improve load balancing and energy optimization.
Additionally, exploring hybrid approaches that combine
edge, fog, and cloud resources could provide better support
for highly dynamic and diverse IoT applications. Future
work could also focus on improving real-time decision-



making processes,
resource allocation in

reducing latency,
large-scale networks.

and optimizing
Further

validation in varied deployment scenarios will be essential
for ensuring robustness and efficiency in real- world
applications.
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Abstract—  Global terrorism is a far-reaching millions around the world. Contemporary terrorism affects a

phenomenon that requires extremely powerful analytical
frameworks for understanding trends and predicting
threats. In our study, a rich dataset of global terrorism
incidents is analyzed to uncover temporal, spatial, and
categorical trends by employing Exploratory Data
Analysis. Significant insights are drawn concerning the
attack type, target population, and geographic hotspots,
which are visualized using Python's Matplotlib, Seaborn,
Plotly, and Folium libraries. Predictive models in the form
of Random Forest, Logistic Regression, and Gradient
Boosting are subsequently developed and fine-tuned
considering accuracy and interpretability criteria. The
processes of computation frameworks, such as Dask, to
parallelize processing ensure scalability on large datasets.
This synergistic combination of statistical analysis, machine
learning, and data visualization makes it possible for
policymakers, security agencies, and researchers to make
sound decisions. It can affirm the effectiveness of counter-
terrorism strategies by identifying high-risk regions and
behavioral patterns linked with terrorist activities.

Keywords— Global Terrorism, Exploratory Data Analysis,
Terrorism Patterns, Data Analytics, Machine Learning,
Random Forest, Logistic Regression, Gradient Boosting.

I. INTRODUCTION

Terrorism is one of the greatest challenges that our time has
faced, affecting global stability, governance, and daily life for
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larger geographic area and operates on a fundamentally new
scale. There is an unprecedented threat to peace, security, and
development. No country can claim to be immune from
terrorism. The size and scale of terrorist attacks have increased
over the last decade with the destruction of entire societies,
wreaking havoc in parts of the world. [1]. More than 1,90,000
terrorist attacks have been recorded from 1970 to 2017(excluding
the year 1993 due to lack of data). The world has seen that most
of them were successful over the past decade, according to
statistics from the GTD. Thus, the

threat posed by terrorism is real and severe, sadly, it will remain
so in the future. [2]. The unpredictability of terrorist activities
coupled with the change in tactics and far-reaching effects
requires new approaches to understanding and countering this
threat. Traditional means of terrorism research have value but
lack the depth or precision that is often needed to respond
appropriately to dynamic complexities of modern terrorism. In
addition to research on the performance of ML classifiers in the
effects of features derived from summary narration, the new
model is highly applicable in predicting and classifying future
terrorist activities [3]. This will bring about an opportunity to
enhance our understanding and predictability in fighting
terrorism by tapping into the potential of Exploratory Data
Analysis (EDA) and advanced Machine Learning (ML) models.

This paper presents a new synergistic framework integrating
EDA techniques with state-of-the-art ML methodologies for
providing a comprehensive approach toward analyzing and
predicting global trends in terrorism. It relies on an
internationally accepted dataset of terrorism spanning a period



of many decades with numerous variables that span across
attack types, regions, categories of target, and statistics for
casualties. These will serve as the starting point for an extended
analysis of temporal patterns, trends, and outliers in terrorist
operations around the globe.

Phase 1: EDA (Exploratory Data Analysis)

This paper starts by extracting the data using the principles of
EDA to establish knowledge from the information. This step
includes very careful preprocessing, handling missing values,
normalization of variables, encoding of categorical data, and
feature engineering. Making use of advanced visualization tools,
such as heatmaps, scatter plots, regression lines, and word
clouds, the study presents correlations, patterns, and outliers
within data. For instance, a heatmap might highlight regions of
hot terrorist activity while temporal plots can display seasonality
in attacks.

Spatial and temporal analyses comprise the most important point
of the study related to the geography of distribution and
chronology of the evolution of terrorism. Choropleth maps and
geospatial clustering techniques portray hotspots and the
spatiotemporal diffusion of terrorist incidents over time, while
time-series analysis points out historical trends and seasonal or
periodic fluctuations. These would form important bases for
policy- and law enforcement agencies in their strategic allocation
of resources and predicting risky times and locations.

Phase 2: Machine Learning Models for Prediction

With the knowledge acquired in EDA, phase 2 of the study
focuses on using sophisticated machine learning algorithms to
predict the likelihood, nature, and characteristics of future
terrorist events. A strong preprocessing pipeline ensures that the
dataset is prepared for ML modeling, addressing imbalanced
classes, missing data, and redundant features.

The feature importance analysis determines that region, attack
type, weapon type, and target type would be critical predictor
variables for a terrorist incident. All the models - Logistic
Regression, Random Forest, Gradient Boosting Machines - are
built and validated in terms of how well each could predict.
Model performance is quantified in accuracy, precision, recall,
and F1 scores to ensure good predictions.

The predictive models classify the potential terrorist events but
provide probabilistic estimates as well. This probabilistic output
is very helpful in identifying areas of priority and supporting
informed decisions. For example, security agencies can use these
probabilities to make allocations of resources in riskier regions
or even prevent such incidents before they occur.

Phase 3: Interactive Insights and Anomaly Detection

The interpretability and applicability of the results are enhanced
with interactive dashboards and visualization tools. Predictions
can be explored, trends identified, and "what-if" analysis can be
conducted by stakeholders. Methods for anomaly detection, such
as hierarchical clustering and z-score analysis, are used to identify
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unusual patterns or deviations from established norms. For
example, a sudden increase in attacks within a quiet region may
indicate the start of a new threat.
The spatial and temporal components also contribute towards ML
models in such a way that their utility becomes more prominent.
Considering regional and time-based variations means that more
contextual predictions can be made that dig deeper into what
factors may drive terrorism.

II. PROBLEM DESCRIPTION
Global terrorism remains one of the constant threats to global
security and hence needs advanced methods to be studied in all
their complexity. This paper employs EDA and ML to analyze
past trends and forecast future attacks. The research aims to
analyze trends in the location, methods, and targets of attacks,
with the possible translation into actionable insights and reliable
forecasts to assist the policymaker and security agencies in
making proactive decisions. This integrated approach provides a
strong framework to effectively address the emerging challenges
posed by global terrorism.

III. LITERATURE SURVEY

Analysis of global terrorism data has been quite extensively
researched for its implications in society, politics, and security.
Various studies use the Global Terrorism Database (GTD) as a
source of data for analyzing trends, geographical distributions,
and impacts of terrorism worldwide. Earlier studies, such as
those by LaFree et al. (2015) [4], emphasized statistical
summaries and historical patterns of terrorist activities. More
recent studies employ machine learning and data-driven
methodologies to explore causality, predict future trends, and
identify high-risk regions.

Working with a robust preprocessing pipeline that addresses
missing values, encodes categorical variables, and handles data
redundancy. Preprocessing is essential in dealing with the
inherent incompleteness and heterogeneity of terrorism datasets.
Abrahms and Mierau (2017) for example point out data quality
challenges in research on terrorism and method descriptions on
imputation to handle missing information [5]. We are focusing
on encoding of categorical variables, filling in missing city
names with "Unknown," and transformation of numeric
variables.

Application of visual analytics is a key component in your
methodology. The visualizations highlight the temporal,
geographical, and thematic patterns that arise from these data
using Seaborn, Matplotlib, and Plotly. Other prior studies, for
instance, have established the strength of visualizations in
policy formulation through heatmaps, area plots, and choropleth
maps [6]. These include the word clouds, regression analysis,
and the observations on seasonality in the study.

Hierarchical clustering is performed to segment and identify
similarities across regions in terror activities resonates with
methodologies implemented unsupervised learning to provide
meaningful regional segmentation [7].

Aligning with modern standards in predictive modeling by
reducing our features to those with large importance scores and
evaluating model performance using metrics like accuracy,
precision, and recall [8].

The idea behind explaining machine learning outputs, as



something actionable, is also a focus area in applied research, and
one example would be explainable Al developed by Ribeiro et
al [9].

IV. PROPOSED APPROACH

i) Importing libraries and dataset

The research starts with importing all the required Python
libraries, which include Pandas for data manipulation, NumPy
for computation, Matplotlib, Seaborn, and Plotly for
visualization, and Scikit-learn for preprocessing and modeling.
The Global Terrorism Database is imported as a DataFrame
using ‘pd.read_csv' with encoding for special characters. The
structure of the dataset is inspected using

*head()’, ".info()’, and ".describe()" to get an idea of its shape,
columns, and data types.

ii) Data cleaning and preprocessing

Data cleaning and preprocessing are essential for ensuring that
datasets are consistent, accurate, and ready for analysis and
machine learning [10].

Handling missing values is a key step in this process, as
incomplete entries can compromise data quality. Numerical
fields are often imputed with the mean, median, or zero, and
categorical fields often use placeholders like "Unknown".
Advanced methods such as predictive imputation analyze
patterns in other variables to make approximations, preserving
data integrity and minimizing information loss [11].

Removing duplicates is another critical task because redundant
records can skew results and overemphasize certain
observations. By carefully inspecting and eliminating duplicate
rows, datasets become more efficient and unbiased, improving
both computational performance and analysis accuracy [12].
Data type conversion ensures the columns are rightly formatted
for a given purpose. For example, numeric data will be converted
to float from integers if the calculations are sensitive to decimal
points; otherwise, a date string must be transformed to a
datetime object if the operation requires time-series processing.
Correct misclassifications prevent inconsistency and processing
errors. [13]

Outlier detection and treatment help dampen the distortion in
results arising from extreme values. Techniques in terms of use
for outlier identification may include a method of employing z-
scores, box plots, or the IQR with a subsequent follow through of
treatment involving capping or removal for values deemed
necessary in the investigation [14].

Feature engineering is a process of developing or transforming
variables to uncover latent insights and to improve the
performance of the model. Examples include aggregating
metrics, extracting time-based features, or creating binary
indicators for specific events, which could uncover trends and
improve predictions [15].

Encoding categorical values transforms non-numeric data into
numerical formats that can be used by machine learning
algorithms. Techniques like label encoding assign integers to
categories, while one-hot encoding creates binary columns for
each category. This step ensures categorical information is
effectively utilized during training and prediction, enabling
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models to interpret and learn from the data accurately.

These processes combine and transform raw data into structured
format and provide sound, reliable base for meaningful insight
and robust model in machine learning.

iii) Exploratory Data Analysis

The EDA of the Global Terrorism Database was to find patterns
and trends in global terrorist activities. The dataset was
preprocessed by selecting relevant features, handling missing
values, and renaming columns for clarity. The most important
trends are visualized: temporal patterns of attacks, geographic
hotspots, and casualty distributions.

Since bar plots and maps showed the number of attacks
carried out, the rate of success, and casualties with a special
interest in regions like Pakistan, whose trend went up on the
fatality scale, key features were developed and incorporated into
Random Forest as well as Gradient Boosting machine learning
models. Gradient Boosting finally worked the best. The regional
differences were further explored, and the attacking strategies
through deeper insights using clustering and regression analysis.
This elaborate analysis throws open actionable insights about
terrorism patterns and can help make strategic decisions in
policy development.

iv) Insights
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v) Feature Selection

Feature selection: The given code uses a
RandomForestClassifier from scikit-learn to determine feature
importance for a dataset. It first trains the model on X train and
y_train, then extracts the feature importances assigned by the
classifier. The features are ranked based on their importance
scores, and only those with an importance greater than 0.01 are
selected. The dataset is then reduced to these selected features
for both X train and X test. The selected features—'Success',
'Target Type', 'Year', and 'Attack Type'—are considered the
most influential in predicting the target variable, meaning they
contribute the most to the model’s decision-making process.

vi) Model implementation

(a) Gradient Boosting

The Gradient Boosting model was implemented for terrorism
prediction through comprehensive data preprocessing, feature
selection, and machine learning techniques. Exploratory analysis
addressed missing values by imputing city names with
'Unknown' and replacing null casualties with zeros. Feature
selection, performed using a Random Forest Classifier, identified
key  variables—'Success',  'Target Type', 'Year, and
'Attack Type'—as most relevant. The dataset was split into
training and testing sets, and Gradient Boosting was trained
alongside Logistic Regression for comparison[17]. Model
performance was evaluated using accuracy, precision, recall, and
Fl-score, with Gradient Boosting outperforming Logistic
Regression due to its ability to capture complex interactions[18].
An interactive function was developed to predict potential
terrorist activities based on user-defined inputs. Performance
metrics, including mean squared error (MSE) and root mean
squared error (RMSE), validated the model's accuracy.
Visualization  techniques further highlighted key trends,
making the model highly effective for predictive analytics in
counter-terrorism strategies.

(b) Logistic regression

The logistic regression model was implemented for terrorism
prediction through structured data preprocessing, feature
selection, and model training. Key features—'Success',
'Target Type', 'Year', and 'Attack Type'—were selected based
on their predictive significance. Categorical variables were
encoded using LabelEncoder, and missing values were handled
using Simplelmputer to maintain data integrity. The dataset was
split into 80% training and 20% testing, ensuring effective model
validation. Feature importance was analyzed using a Random
Forest Classifier to enhance model efficiency[19]. Logistic
regression was chosen due to its binary classification capability,
with max_iter=1000 ensuring proper convergence. The model
was trained and evaluated using key metrics such as accuracy,
precision, recall, and F1 score. The results provided valuable
insights into factors influencing terrorism, helping stakeholders
and policymakers make data-driven decisions. This framework
enhances the predictability of terrorist incidents, facilitating
proactive security measures and strategic counter-terrorism
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planning[20].
(c¢) Random Forest Classifier

For using a Random Forest Classifier on GTD, implementation
steps include: structured steps followed for preprocessing,
exploratory data analysis, and building predictive models.
Preprocessing includes handling missing values, converting
categorical variables, and feature engineering into relevant
features to be used (like 'Success', 'Target Type', 'Year', and
'Attack Type'). Visualization through bar plots, heat maps, and
pie charts is achieved during EDA, which allows for the
derivation of terrorist activity trends [21]. This would essentially
identify the most influential factors affecting the success of
attacks, and the dataset will be used to train machine learning
models such as Logistic Regression and Gradient Boosting.
Then, comparison of models will be compared using Accuracy,
Precision, and F1 Score as metrics for reliability. The system also
has an interactive prediction tool where users input specific
details to predict the likelihood of a successful attack. Evaluation
techniques, such as feature importance plots and error analysis,
ensure robust performance [22]. This implementation not only
offers insights into terrorism patterns but also facilitates
informed decision-making for policymakers and researchers in
counter-terrorism strategies. It exemplifies how machine
learning can analyze complex datasets to derive actionable
intelligence.

V. PERFORMANCE EVALUATION PARAMETER

There are various performance evaluation parameters
which can be evaluated to analyse the performance of
the classifiers. Four basic notations, namely rue positive
(TP), true negative (TN), false positive (FP), false
negative (FN) are employed in these parameters which
are used to calculate the accuracy, F1-score, recall and
precision corresponding to each classifier to evaluate their
performance. Accuracy is defined as:

Accuracy = (TP+TN) * 100/ (TP + TN + FP + FN)

The completeness of a classifier is defined by recall, which is
measured as:

Recall=TP/ (TP + FN)

Precision refers to how accurate the classifiers are and is
calculated as:

Precision = TP / (TP+FP)

The Fl-score indicates how well the parameters, precision and
recall are balanced and is defined as:

F1-score =2 * precision * recall / (precision + recall)



Fig-3. The image is a flowchart that illustrates a data
pipeline process. It starts with importing libraries, followed
by data cleaning (handling missing values, removing
duplicates, and data type conversion), feature engineering,
exploratory data analysis, and model implementation using
Gradient Boost or Logistic Regression.

VI. RESULT AND DISCUSSION

This is an analytical study on global terrorism, using the Global
Terrorism Database (GTD), which applies Exploratory Data
Analysis (EDA) and Machine Learning (ML) to identify patterns,
trends, and predictive insights. Key findings point to temporal
and regional trends in terrorist activities peaking after 2010,
especially in South Asia and the Middle East, with Pakistan and
Iraq being hotspots. The most frequent attacks involved
bombings/explosions, against both civilians and government
entities. Top 10 types of targets were responsible for over 70% of
all attacks. Highest casualty rates occurred in South Asia and the
Middle East, which has been trending upwards in Pakistan.
Suicide attacks showed regional variations with differences in
the success rate between attack types. Clustering techniques
identified some different regional terrorist behaviors. ML
models like Logistic Regression, and Gradient Boosting, and
have indicated attack type, region, and weapon type as the
critical factors to determine the success of an attack. It can be
seen that Gradient Boosting has outperformed Logistic
Regression with F1 Score, Precision, and Recall.

The various performance evaluation parameters employed the
analysis of the machine learning classifiers in the current study
are summarized in the table given below

Machine

Study | jearning  ACCUraCY | pjscore | Precision | Recall AUC
model

Existing Logistic

solutions Regression =~ 078 0.82 0.78 0.92 0.58
Gradient
Boosting 0.85 0.88 0.86 0.90 0.72

Proposed Logistic

solutions Regression 0.89 0.94 0.89 0.99 0.69
Gradient
Boosting 0.92 0.96 0.93 0.98 0.87

106 |Page

Table-1. It presents a comparison table of Logistic
Regression and Gradient Boosting models with existing
and proposed solutions in terms of their performances.

Metrics included are Accuracy, F1 Score, Precision,
Recall, and AUC; the results have shown that proposed
solutions significantly improved, especially Gradient
Boosting.

These solutions greatly outperformed the base models in each
metric. Among them, for the proposed method, Gradient
Boosting achieves top accuracy of 0.92 and AUC of 0.87 as
compared to better prediction ability and for Logistic Regression
marked improvement at higher reliability.

Graphical representation is shown below

Comparison of Metrics for Logistic Regression and Gradient Boosting

Logistic Regression
10 Gradient Boosting

Accuracy Precision Recall F1 Score
Metrics

Fig- 4. The graph plots the performance of Logistic
Regression and Gradient Boosting side-by-side for five
metrics: Accuracy, F1 Score, Precision, Recall, and AUC.
There is an evident tendency for Gradient Boosting to
outperform Logistic Regression across all five metrics.

The graph shows the superiority of Gradient Boosting on all
metrics when compared to Logistic Regression. The Accuracy is
at 0.92 vs. 0.89, F1 Score 0.96 vs. 0.94, Precision

0.93 vs. 0.89, Recall 0.98 vs. 0.99, and AUC 0.87 vs. 0.69.
Gradient Boosting has stronger predictability and has a balanced
performance, especially with AUC.

Interactive Prediction Tool: An interactive tool using the
Gradient Boosting model will provide real-time predictions to
support security agencies and policymakers. Discussion: The
discussion calls for the combination of EDA and ML in order to
understand terrorism dynamics, uncover regional
vulnerabilities, and help take proactive steps toward counter-
terrorism. Despite biases in the GTD dataset, future
advancements like deep learning and real-time data integration
can improve predictive capabilities and aid in data-driven
decision-making for global security.

VII. VALIDATION WITH REAL-WORLD SECURITY
DATA
To assess model accuracy, predictions should be compared
with real-world security data from sources like GTD,



Europol, and intelligence reports. Cross-referencing with law
enforcement records and news articles helps identify false
positives and improve model reliability for counter-terrorism
applications.
VIIIL. BIASES AND ETHICAL CONCERNS IN
TERRORISM PREDICTION

Terrorism datasets may have biases, such as overrepresenting
certain regions due to inconsistent reporting. This can lead to
unfair risk assessments. Ethical concerns include privacy
violations and potential misuse of predictions for
discrimination. Fairness-aware modeling and bias mitigation
techniques should be implemented to ensure responsible use.

IX. COMPUTATIONAL COMPLEXITY OF ML

MODELS
€ Random Forest: O(n.m.logm) accurate but memory-
intensive.
€ Gradient Boosting: O(n.m.d) high accuracy but slow
training.

€ Logistic Regression: O(m.d) efficient but struggles with

complex patterns.

Choosing the right model depends on computational

resources and real-time processing needs.
Integrating real-time data enhances terrorism prediction by
making models more dynamic and responsive. News APIs like
GDELT and Google News provide real-time updates, while
social media monitoring (Twitter, OSINT) aids in early threat
detection. GIS and satellite data improve risk mapping,
identifying high-risk zones, while streaming frameworks like
Kafka and Spark enable continuous model adaptation. This
transformation shifts predictions from static historical analysis
to a proactive early-warning system, helping security agencies
take timely preventive actions.

X. CONCLUSION
Analyzing world terrorism trends and leveraging exploratory
data analysis and machine learning, this work identifies
important patterns in terms of attack type, region, and success
rate, focusing especially on high-risk zones such as South Asia
and the Middle East, based on advanced visualizations and
clustering techniques for actual strategic interventions in
counter terrorism efforts. Predictive models, such as Gradient
Boosting and Logistic Regression are used to maintain
accuracy, which explains that attack type and region are major
factors. Real-time threat assessment tools support strategic
planning by policymakers. Most importantly, this paper
focuses on the ethical use of data-driven methods in an effort to
make any academic insight practically actionable in enhancing
security globally.
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Abstrrol==1IMNS serves as the hackbone of todoy™s Inbernei.
However, nnderstanding IXNS resolver copabilities and policies
remains o challenge. ThE affecis system performumse, security,
and privacy. We present a mew ool that impl the L e
outlined in RFC 2606, Our toeol helps ddentify, examioe. anad
oomjpare DMNS resolver festures.

The implementwtion marks a significant wdvance in NS ine-
Irastruciure = li= Hular desigm bl il
discovery and analysis of resolver capahbilities. Built-in ermor
handling ensures relisble aperation across diverse networks. The
tool imtegrades with Sofivware-Defined MNetworking (SN nad
Metwork Fanction Virlualication (NFY) for dynamic moenilering.
It inchedes security 1o identily vulmeroubilities and verify
DNSSELC complinnoe.

Comprelensive logging and repecting  bhelp  administrotors
optimize DNS condigurations. The tool’s sdaptable archilecture
supporis hture developments in resctdver anidysis, These features
promobe @ more seoure and effcient NS ccosystem. By conmect-
ing slandards to practical use cases, our ool sdyvasces modern
DN management.

I. INTRODUCTION

The DDomain Mame Swstem (DMNS) performs a critical
fumction. It wranslates human-readable domain names i
computer-recognized IF addresses. DNS forms a core com-
ponent of Internet infrastruciure, enabling communication be-
TWEEn SySlEIE.

DMNS resolvers play a key role as imermediaries in this
process. However, clients often lack insight imo resolver
capabilities and configurations. This transparency gap can bead
o

= Performance bonlenecks

= Security vulnerabilities

= Pravacy conozrms

I June 2124, the Imermet Engineering Task Force (IETF)
released RFC 94k, This standard, titled "DMNS Resolver
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Information’, emables resolvers 1o publish their featares and
seitings. Resolvers can now advertise their capabilities through
NS resource records, particularly the RESINFO type. This
includes support for:

= DMNS Security Exiensions (DMSS5EC)

= Ouery Mame Minimization

= Dperational policies

Our paper presents a tool that
mechanisms. The tool:
Dueries resolvers for their published information
Analyzes and structures resolver capabilities
Compares festures across multiple resolvers
Geenerates both  homan-readable and machine-parsable
repons

These capahilities help improve DNS ransparenscy  and
empower users o make informed choiczs about resolver
selection.

implements RFEC 960

-
-
-
-

IT. BaCEGROUNI
A, VT Resolurfon Process

The Domain Mame System {DMNS) is the heart of the Intemet
that works to convert domain names into 1P addresses that
computers understand [2]. The process of translation, which
is DMNS resolution, imvolves several subcomponents that are
all interconnected. The Arst among these are DMNS resolvers,
which are intermediaries between clients and DIMNS servers.
ODnce a client sends a request 1o access a domain, the DNS
resolver receives the guery and procesds o the resolution
procedure. [t may check fis cache o find owt if it has the
IP address of the domain name in its cache, and thus improve
response time and minimize any unnecessary network traffic.
If the information is not cached, the resolver sends a request



o the root DMNS server, the top-level domain server, and the
authoritative name server o get the TP address. Durning this
process, resolvers wse caching echnigues 1o save responses
for further use in the pext guery made. Fuorthermore, they
use security measures, for example DNSSEC validation, for
the verification of DMNS responses and thus prevent cache
poizoning attacks [7], [8]. Caher policy restrictions, such as
the Query Marme (QMNAME) minimization, are also employed
a0 that only minimal guery dara is leaked o imermediate nodes
with the aim of improving privacy [9]).

B RFEC Q606 dheerniew

According 1o RPC 96, DNS mesolvers can advertise
information about their capacity and their approach o oper-
aticns 1o DNS clients, which will increase the awareness of
the resolver and enable clients 1o make appropriate choices
on which resolver w0 use [1]. This specification states that
resolvers communieabe their details wsing DMS TXT records
in the subdomain DNS reselverinfo. [ 16] These records in-
chede ISON data informastion that depicis the features of the
resolver. including securny standards, privacy policies, and
other operational preferences. The formar alse contains well-
defined fields for features that are likely to be present in most
implementations in order w0 facilitate comparability. In addi-
ton, it is intemsded o be extensible in order that the resolver
may provide supplementary, resalver-specific information that
is mot part of the basic profile. This extensibility kelps o adapt
1o future advancements and ather resolver-specific services.
thereby creating a more informative DNS environment [11].

MNOVELTY OF THE PAPER

The paper presents a new ool thar fulfills the specifications
of RFC 9404 for the identification of DNS resolvers. In this
work, theoretical standards are linked o praciical applications
through the presemtation of a real and eagily modifiable
aumtomated resolver discovery and analvsis wol. This ool
provides mwore visibility into the capabilities and policies of
DMNS resolvers and helps wsers with the information they can
act .

A major contribution of the paper is the adopion of the
RFC 96lb specifications. Although RFC 9606 provides the
copcepiual model for resolvers o advertise their features,
this stwdy shows how this can be doe. This paper presents
a Python-based modular approach e discover featwres of
resolvers amd thus enable network adminisirators o evaloate
attributes of resalvers incleding DMNSSEC validation, caching.
amd privacy policies [T]-

Iy the same way, the wol provides compatibility with con-
temporary network configurations including SDM. and NFW.
[L4]. [15] This imegration allows the real-time performance
af the resolver o be monitored while also anto-selecting
the appropriate resolver in a virwalised emvironment, which
allows the ool w be suited for dynamic networks. These
characteristics show how the tool can be applied effectively
in programmable and scalable nerwork enviromments [4].
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The concern for security and privacy therefore strengthens
the contribution of the article. The ool assesses DINS re-
solver capabilities for DMSSEC, and privacy-sensitive feamres,
including logs. and the wose of QNAME minimizastion. By
offering this much detail, the ool recommended actions that
wiould help w improve the security and privacy of DRNS
semings. [9].

Thus, the originality of this paper is in s scope of ken-
ufication and characterization of DMNE resolvers. It provides
the practical implementation of RFC 966, broadens s appli-
cability w advamsced network topologies, focuses on security
and privacy, and opens the door for integration with next-
generation nevworking approaches. All these contributions put
the wol az ome of the most important tools weday i DS
resolver analysis and modern netwark managenmient.

1. BvsTEM DESIGH
A, Archireciure verview

O imiplemsentatbon emplovs a modular design pattem that
separates concerns into distinct components o enhance miain-
tainability, scalability, and reusability. This approach aligns
with best practices in sofiware engineering and pronsotes the
development of complex systems by imegrating interchange-
able, imdependent modules [5].

A Query Engine

The Query Engine is the core component responsible for
dizpatching DNS gueries o target resolvers. It handles the in-
tricacies of network communication, ensunng that quertes ane
corpectly formaned and responses are accurately interpreted.
This separation allows for the independent evolution of guery
mechanisms without impacting other Sysiem Ccomponents.

B, Dara Parser

The Data Parser component is tasked with processing the
reaponsed received from DMNES resolvers. Extracts pestinent
information, such as resolver capabilities and policies. from
the data payloads. By isolating parsing logic, the system
can quickly adape o changes in data formats or incorporate
additional parsing rules as new standards emerge.

O Uger Imperface

The User Imerface (Ul module provides an accessible
means for nsers 1o imteract with the wol. It presents the parsed
resolver information coberently and user-friendly, facilitating
informed decision-making. The Ul component’s modularity
ensures that the wser experience enhancements can be im-
plemented independently of the underlying query and parsing
logic.
. Error Hamalling Modwle

The Error Handling Module is dedicated to managing
exceptions and anomalies that may arise during the wol’s
operation. It encompasses mechanisms o address DNS guery
Failures, network thmeowts, response parsing emors, invalid
resolver sddresses, and malformed resolver responses. This
modular approach 1o emor handling enhances the robustness
and reliability of the svstem [3].



E Covifiguranion Manager

The Configuration Manager oversees the customizable pa-
rameters of the wol, including timeour semings, resolver lisis,
and wser preferences. By encapsulating configuration manage-
ment within a distinct module, the system offers fexibility
and ease of customization, allowing users o tailor the wool’s
hehavior 1o their specific requirsments.

Thisz modular architeciure facilitates the isdependent de-
velopment and testing of cach component and supports the
acamless inegration of future enbancements. By adhering o
modular design principles, the implementation achiewves a high
degree of cohesion within components and loose coupling
between them, which are essential attnbutes for building
acalable and maintainable software aystems [4].
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B, Core Compuieenls

1 DNS Oeery Medile: The guery madule handles direct
ineeraction with DNS resolvers:

ALGORITHM: QUERY RESOLVER INFORMATION

The  algonthim  acocpls  Dwo  prmary  inpuks: & ne-
aolver_address paramseter comntaining the [P address of the DNS
resolver as a siring, amd & query_iype parameter specifying
the wvpe of DNS guery (defaulting o "TXT )L The algorithm
prodeces a DMNS answer object when spccessful, or returns
Moz in case of errors.

The process follows these steps:

1y Call Sewp Logging Configuration to obtain a logger

instance.

2 Initialize a DNS resolver object.

31 Set the eesolver's nameserver o the provided re-

solves_address.

4) Execute the guery process within a wy-catch block:

a} Perform a DMS guery for _dis resolvennfo using
the specified guery_type.
by Beturn the DMNS response object.

5) Handle DNS-specific exceptions by:

a) Logging the error with resolver address and mes-
Sage.
b} Returning Mone.

&) Handle genenc exceplions:
a) Log unexpected error type and description.
b} Record ervor context amd stack trace.
) Bewrn pull response indicatos.
21 Responge Parser: The parser module comverts DRMNES
reaponses ino sirectured data:
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ALGORITHM: DMNS RESPONSE PARSING
The response parsing algorithm akes a DMS pesolver me-
aponse object as input and prodeces a streciared dictionary
containing resolver capahilities,
The process consists of four main phases:
17 Besult Stucture Initialization
ap Create empty dictionary with default values.
b} Set base capability flags o false.
21 Responae Data Processing
ap For each record in response:
iy Extract TXT record content.
i) Decode UTF-B comtent.
i) Parse JS0OM structure.
3y Capability Extraction
ap Map DNSSEC support sfatus.
by Map ONAME minimization statas.
Map caching configuration,
dp Map filtening settings,
Extract privacy policy details.
Collect supporied feature list.
4y Emor Management
ap Catch parsing exceptions.
by Log error details,
o Return partial data if available.

. Feature Deteciion
Oy tool aystematically analyzes resolver capabalities in the
fallowing sequenos:
1y DMSSEC Support Amalysis
» Venfy DNSSEC implementaiion status
» Check validation enforcement level
« Test signature verification process
2y Privacy Feature Venfication
» Adsges QNAME minimization suppoit
« Check DNS-over-TLSHTTPS availability
» Ewvaluate query logging policies
31 Cache Management Review
» Measure cache retention periods
» Analyze cache size resirictions
« Test invalidation mechanisms

I Comparisen Engine
ALGORITHM: RESOLVER FEATURE COMPARISON

The comparizon algonthm accepis a resolver data dictionary
containing feature sets for multiple resolvers and produces a
formatted comparizson table showing feamre differences.

The algorithm executes in four phases:

Phase 1: Comparison Matrix Initialization

» Create header row with resolver identifiers

» Initialize empty feature et

Fhase 2: Feature Collection

» lterate theough each resolver in input data

« Extract all featre keys



» Mudd o master feature set
Phase 3: Table Construction
» Sort features alphabetically

« For each festure, create new row
« For each resolver:

— Extract feature value

— Format value appropriately (boolean o "Yes" M No™,
BLo. )

= Add formatted value 1o row

Phase 4: Output Formatting

« MApply grnid formatting
» Return formatted table

Erpor HANDLING AMND RELLABILITY
AL Error Hanedling Suaregy

The robustvess and reliability of any DNS resolver infor-
mation guery ool are critical for its effective deplovisent in
real-world network environments. To this emd, the proposed
implementation incorporates a comprehensive errof-handling
strategy aimed at mitigating commmon kssues encountered dur-
ing operation.

DMNE Query Failures: The wool proactively handles sitwations
where DMS gqueries fail due to unreachable resolvers, incorrect
query formats, or unsupported operations. Detailed error mes-
sages are logged. allowing adminisirators o guickly identify
and resolve the underlying issues [3].

Merwork Timeows: Given the reliance on real-time commua-
nication withh NS resolvers, the ool employs configurabhle
tpsecul mechanisms o detect and address scenarios where
resolvers are unresponsive. This ensures that the syvsem does
nod hang indefinitely and can continoe guerving alternative
resolvers as needed.

Response Parsing Errors: Parsing errors often arise from
malformed or unexpected resolver responses. The ool incor-
porates robust parsing logic, capable of detecting anomalies
and logging descriptive error messages 10 assist in debugging
and improving daa consistency.

Ivalid Resolver Addresses: The implementation includes
validation checks o ensure that resolver addresses conform
o the expected IP address or domain name formats. Invalid
addresses are Aagged early, preventing unnecessary guery
attempts and saving computational resources.

Malformed Resolver Responses: When resolvers return
responses that deviate from the expected structure or RFC
Gy specifications, the tool gracefully handles these cases
by defaulting o fallback behaviors or marking the resolver as
non-compliant. Such responses are logged for further analysis.

B Relighiliry Exfrone eaments

To ensure operational reliability, the ool integrates extensive
logging and monitoring capabilities. Logs are generated at
various levels of granularity, enabling network administrators
o trace guery paths, evaluate system performance, and ad-
dress recurring issues. Additionally, the ool supports modular
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upgrades, allowing new eror-hamdling mechanisms w be
integrated szamlessly as network environments evaolve.

This error-hamdling sirategy not only enhances the tool's mo-
bustness bat also provides a dependable foundation for broader
adoption in complex and dynamic network ecosystems.

E. Legping and Mondearing

The logging system implements a hierarchical approach to
operational visibility and system monitoring. The configura-
ton follows this structure:

ALGORITHM: LOGGING SYSTEM CONFIGURATION

The logging system configuration process consists of the
following steps:
1y Initialize logging framework
ay Setr global logging level 1o INFO
b Configure timestamp format with [S0-8601 stan-
dard
¢} Setup logging channels for different severity levels
2y Define log message format
aj Include timestamp with millisecond precizion
b Add componem identifier
¢} Include severity level indicator
dp Append detalled message content
3y Configure ourput destinanions
aj Set up consale output for immediate visibility
b Configure file output for permanent record
¢} Enable remote logging if specified
4) Initialize comporent logger
aj Create logger instance with component name
by Apply configured format and destinations
¢} Set component-specific logging threshald

IV, RESULTE anND DISCUSSION
AL DNE Resolver Query Tool

The DMNS Resolver Query Tool is an intuitive and inberactive
web application designed o make resolver information ac-
cessible 1o bath technical and won-techiical users. Developed
wsing Flask, this ool provides an efficient way o guery and
compare NS resolvers hased on their published capabilities
and policies, as specified by the RFC 960 framework_

The ool presents resolver data in a stuctured. hurman-
readable format, allowing wsers o visualize and compare
features such as security policies. performance metrics. and
supponed protocols. This facilitates transparency and emposw-
ers users o make informed decisions about resolver selection.
The user inmerface was designed with simplicity in mind.
enabling ease of wse while maintaining funcrionality.

The interface shown in Figure 2 features a clean, modern
web design with distinet sectbons for resolver input and
query configuration. The top panel comntains input fGelds for
multiple resslver addresaes, allowing simulianeous comparissn
of different DMNS services. Below this are dropdown menus for
selecting guery types and additional parameters. The interface
uses ivbuitive controls and clear labeling o guide wsers through

the query peocess.



DMNS Resolver Query Tool

Homs  DMSRIC Trece Validator

Revcbrer 1P Addreuies:
34 0 G 133

EEr R AR}

|Drmmrnininn:

meaTpis com

Cruery Typs
A AR, I SN )

Cartgat Focmat:

i L

Fig. 2. Figure af the DNE Resodver Query Tisod

B, Query Resulis Arvaivels

The tool's effectiveness s demonstrated through actual
query results obtained from testing against various DNS re-
solvers. Figure 3 shows a sample owgput from guerying mualti-
ple resolvers, highlighting the detailed feature comparison and
capability analysis that the ool provides. The resulis showease
the wol’s ability w extract and present resalver information in
a clear, structured formar thar facilitares quick comparison and
analysis.

The resulis display in Figure 3 presents a comprehensive
comparison matrix of resolver capabilities. The table shows
key features including DMNSSEC walidation stams, QNAME
minimization support, caching policies. and privacy features
for each tested resolver. Each cell containg either a boolean
indicator or specific configuration values, with color coding o
highlight impomnam differences. The comparison includes ma-
Jjor public resolvers like Cloudfare (1.1.1.1), Google (5858,
and Quad (9999, showcasing their varying implementation
levels of key DMS features.

O DNESEC Trace Vidlidator

The DMNSSEEC Trace Walidavor 15 a powerful ol for ver-
ifying the awhenticity and integrity of DMNS responses. By
leveraging DNSSEC mechanisms, this wood ensures thar DRNS
responses are protected against tampering and originate from
authenticated sowrces. It performs a detailed step-by-step val-
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DS Crsary Aessalne

Fig. 3. Sample M8 query resshs showang resolver copability cosnparison

idation trace. highlighting the trust chain and identifving any
potential weaknesses or errors in the process.

This walidator not only confirms the validity of DNE re-
sponses but also provides a clear viswalization of the validation
process. Such ransparency is crucial for diagnoging DMSSEC-
related isswes and promvoting trustworthiness in DNS interac-
tons. The detailed walidation reporns generated by this ool
are particularly useful for researchers. network adminisirators,
and other stakeholders seeking 1w improve the reliability of
DMNS infrastrecture.

The validation trace shown in Figure 4 illusirates the oom-
plete DNSSEC authentication chain from the queried domain
e the oot zone. The hierarchical display uses oolor-coded
indicators o show the wvalidation stamus at each level, with
green checkmarks indicating successful signature veriAcation
and red crosses highlighting any  validation failures. Each
node in the chain displays relevant crypiographic parameters
including kev types, algorthms, and expiration timestamps.
The interactive visualization allows administrators o expand
nodes for detailed examination of the validation process at
cach step.

L Pecforonmees Analysis
O evaluation of major DMNS resolvers revealed:
» DMNESEC Implementation
= All tested resalvers suppon DMNSSEC
= Clondflare and Quad?: Sirict validation
— Google DMNS: Configurable validation
« Privacy Features
— B7% support QNAME minimization
= Clondflare leads with zero logging
= Mlost offer DNS-over-TLS/HTTPES
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» Caching Performance

— TTL range: 300s o S6d{s
= Adaptive TTL in 75% of resolvers
— Google DNS: 98% cache hit rate

CONCLUSION

The implementation of the DNS resolver information guery
o] baged on RFC 96 represents a significant sdvameemeint
in OMS infrastructure management. offering an effective so-
Tation for auntomated discovery and analysis of DNS resolver
capahbilities. The maodular Python-based design. combined with
robust error-handling mechanisms, ensures reliability across
diverse mevwork environments, while its seamless integration
with advanced mevworking technologies such as SDN and
MFY enables dynamic monitoring and auwtomated selection
processes. The twool’s comprehensive security feamares help
idemtify vulverabilities and ensure compliance with DNSSEC
and privacy policies, while s emphasiz on logging and
reponing empowers administrators o make informed decisions
about their DNS configurations.
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Abstrmol=This paper presenis the (Miline Recipe and Diet
Munagement ((XEDM) ChatBot, o novel Arlifcial Intelligence
(ALY bused system for encouraging healthier couking behavicur
by recommending personaliced diets and increasing fooad tech-
nology weage engagement. Applying stte-ol=-the-arl deep learning
methods such as Notural Loanguage Processing amnd Newral Net-
works, (MRDM ChutBol tranduies user inpuis inte proper ouli-
nary guidance. To achieve this, the chatbel was developed with a
datubase of meals, nuiriticnal information, und user preferences,
which helped the bod generate meal recommendoations that metd a
user’s dictary requirements. The architectare of the chatbot has
elements of recurrent mearal networks that pay attemntion te the
dlussiBcation of the wser’s intend and context. An interfuce that
is casy o wee and convenical for the wsers has been developed.
To our knowhedyge, (3RDM ChatBaol has proven o help gaide
users in their meal planning, dflicient usage of ingredients, anad
encouraging the consumpiion of healthy foods. Case shsdies show
itx application in personal and organiational use, for instance,
im restourants bo ease meno design and improve service delivery.
Huowever, there is slill a problem with the weaderdanding of
specialieed oulinary terms and the isoue of the variely of regional
ouisines. The Tuture work pluns o improve the performonce of
the MNLF, increase the database o encompass more cuisines [rom
arvund the world, and increuse the system’™s learning ability.
ORM ChatBed, a oulinary artificial intelligence company, has
opened mew avenues for innovative food technology to sddress
ourrend issaes and revidutionize dictary strategies depemsding on
individual choice.

Index Termrs—Artificial Intelligence (Al Matora] Language
Processimg (WL Personalized Diel Recommendations, Chatbed
Development, Recarrent Newral MNetworks (ENN ) Culinary Data
Munagement
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L INTRODUCTION

The rapid sdvancemems in artificial intelligence and an-
tomation have opened up exciting possibilities for intreducing
new elements into the diverse realins of culinary aris, This
progress olds the promise of reshaping the processes involved
in food preparation ad consumption. The key 1o this transfor-
mation ligs in the evelution of chathots, which mow incos pofate
natural langeage processing and neural pevworks 1o guide users
in their dietary plans or w0 recommend diets and plans that
est swit their needs and peeferences | 1)) However, ereating
chatbots capable of understanding the nwances of culimary
contexts necessitated sirict adherence 10 methodologies in
data procurement, algorithm formulation, and wser expericnce
design [4]. This siwdy presents the propesed chatbot, an offline
chathot developed wo help educate people on culinary decisions
and personalized conversations. A few considerations are
wiorth discussing o understand bow several critical isaues
associated with using artificial intelligence in the ORDM Chat-
Bot have been addeessed in the context of food technology.
which s a challenging. highly diverse, and dynamic field.
The chatbot architecture learns from recent developments in
deep leaming technigues, such as bidirectional LSTM, that
help the culinary contexts and feelings from natural language
ingrats [ 5], [14]. It possesses a knowledge base that is compiled
from exiensive amounts of recipes. nutntonal values, and
people’s percepiions of cenmain kKinds of foods and tasies. This



data is interpretable with the help of highly developed neural
networks o give user recommmendations  that consikder the
extracted prefercnces and comstraiims. O of the elements is
the creation of dialegue Aows, which hald the user's sttention.
Since it invelves free-Aowing culinary dialogue. the system
uses contextual word embedding and intent mining [7], [E]
Functional and durability tests on the system. role play, and
mockups were done 1o improve Chabot"s conversational skills
of recommenders. Installing ORDM ChatBot also alloswed
us o deliberate on the scalability, privatization. and security
iggues concerning food technology solutions. The contribution
of this ORDM.

17 User amdies show ORDM CharBot's potential in Indian
meal planping, potritional decision-making, and user
CRPETICmCEE,

2y Further enhancements are needed o improve robusiness
across diverse culinary contexis.

31 Rescarch emphasizes the need for further user perspec-
tives on Al integration into food echoology,
43 The smedy has significamt irsplications for reshaping

culimary ans and food echnology through Al
5) The methodelogy involves comprehensive data collec-
tion, training algorithims, and user-cemric design.

I, BaCKGROUMI

Haopefully, this paper bas also given an wnderstanding of
how self-monitoring  through joumaling and logging resalis
in healthier behaviowr. Other challenges include waer burden
and guilt of the food joursaling apps. Identifying such chal-
lenges led the organization to intoduce a natural language
food logging svstem [2], [3]. Health interventions are finding
relevant interventions through conversational agents. Recent
studies carried out by Fadhil, Hazsan, Al-Barrak, Mapeed, and
Al-H Uyab { 2007), Fadhil, Hassan, amd Al-Barrak (20019, were
a concepiual study of Al-based platforms such as Coachal,
health coaching applications, and Gabriclli et alo C2008) initi-
ated an information pillow keown ag SLOWBot for promoting
healthy lifestyles. This paper also provides a substantial nowe
of peragasive systems design contributing o the causes of
physical activity. Bickmaore er al. {2011 introduced Flowie.
a virtwal coach for eldedy users, while Kramer et al. (2009}
proposed the strategy of evaluating a range of intervention
companents. The resulis of these works indicate thar working
with individuals o help with health technology is necessary.
MNew developrsents inclsde Chatbots such as SlimMe, which
specializes in weight boss solutions that incorporate empathy
into the interaction (Bahmati et al., 2022 More 50, Waliyuni
et al. (2022 and Lola et al. (2021 created chathots for diet
and fitnesa, showing mose possibilities for AL solwions. [2].
[3]. [3], [8]. [L1]

. METHODOLOGY

The recipe chathot™s development has folbowed an itera-
tivie approach. integrating natural language processing {MLP)L
machine leaming (ML), amd web technologies to create an
interactive platform.
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TABLE 1
PREVIOUS STUDIES RELATED TO CHATBOT CULINARY FRLACTHCES
Htady Tex hmologysTool Foows Area

T Cardeiro el al H15F | Pood josmaling apps | Hamiers  im s&ll-
[LLEE LRy )

| Fadhil et ol (2007) CoachAl | Personalized  Beahh
coaching

| Ciubrucll et al (2018} | SLOAWEGL | Lifiestyle assistance

Rahmann =t al | Shnsdde Chachon

(20223

" Lola et al (2020)

Weaght missagement

18R Watson chathm | Fainess man

IV, DaTa COLLBCTION AN PREPROCESSING

Stuctured and unstructured recipe data have been compiled
from sources like websites, cookbooks, and forums. Data have
bezen cleaned by standardizing formats and removing emoes
and imelevamt information. MLP techniques like wokenization
and lemmatization have been applied to extract key infonma-
tion like ingredients and instractions. [5)

W MODEL DEVELOPMENT

Deep neural networks like CMNM: and BEMNs bave been
tested for intent classification and  informiation  extraction.
Models have been trained on preprocessed data o wnderstand
user quaeries and map them o predefined intents, Llike searching
for recipes or asking abour ingredients. Model hyperpararse-
ters have been wned o optimize accuracy and Fl score.

T evaluate the performance of the trained maodels mineiely.
we uaed a held-owt training dataset and measured key metrics
like precision, recall, and Fl-Score. These resulis were cal-
culated over epechs and key metwics like "Model Accwracy.
“blodel Loss '
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Feg 1. Model Summary and e

The above figure shows the model performance and Preci-

sion, Recall, and Fl score, which are discussed below:

13 Model Accuracy: The plot shows the maodel™s accuracy
on the training dataset over raining epochs. Initially low
faround (L), accuracy stams increasing from epoch 80,
after which it jumps wp significantly, near abour 1.0



This rapid learning phase leads 1o a platean, suggesting
sirong leaming but also points out the potential risk of
overfiting.

2y Model Loss: The plot demonstrates the model’s hoss
over training epochs. Initially high Caroand 2.2, the boss
decreases and stabilizes for some tme. Around epoch
20, i deops rapidly and plaveavs after epoch 1200 at a
wery low wvalue, indicating effective error minimization
on the trainimg data.

3) Precision: In the bar plot it shows the precision score
of the model. The precision is close o 1, which means
that when the model predicts a positive outcome, it is
likely v be correct.

4y Recall: In the bar plot it shows the recall score of the

model. The recall is close to 1. which means that the

model can correctly identify nearly all of the actual
positive instances i the dataser.

F1-Score: This is a bar plon showing the Fl-Score of the

model. The Fl-Score is close wo 1, which indicates that

the model has a high degree of precision and recall.

5

i

VI API aND DATABASE DEVELOPMENT

EEST APL: have enabled cormmunication between the fron-
tend chatbot interface and the backemd services. A MNoSQL
database stores and retrieves recipes efficiemly based on user
queries and interactions.

WL

The chathad features a robust interface. incorporating el-
ements like chat history, search, amd wviswally clear recipe
cards. Responsive design ensures a seamless and consistent
experience across a range of devices. The Ul design was
rigorously  guided by established UX principles, priogitiz-
ing ease of navigation, clarity of information presentation,
ardd a visually appealing style 10 ensure a robust and wser-
friendly foundation for the chartbot. While formal usability
testing within the current project tmeline was ol feasible,
we recognize s impormance for ongoing refnement. Futwre
iterations of the chatbor will incorporate strociured usability
testing with representative users o proactively identify arcas
for even greater improvement and o further optimize the
user experience. This will involve condecting UX evalwations
amdior AVE testing of key interaction fows 1o ensure the
chathot continues wo meet and exceed user expectations [ 13].

USER INTERFACE DESIGN

I DraTa COLLECTION ANMD PREPROCESSING

Seraping food websites has compiled soroctured and un-
structured recipe data, The data wese then cleawed and pro-
cessed uging MNLP wechobguees like tokenization and entity
extraction o identify key information swch as ingredients, cook
timee. nuatrition, evc. [10]

IX. CHATBOT DEVELOPMENT

Conwersation Aows have been designed to hamdle domains
like recipe search, ingredient information, nuirition data, enc.
MNLF algorithms have enabled natural language understamding
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and intent identification. A document database has stored
recipe information retrieved via AFL calls. The chatbot has
been integrated with the darabase 1o retum relevant recipes Lo
users [ L4].

M. DEPLOYMENT ANl MAINTENANCE

The chatbot has been containerized vty microservices and
deployed on o clowd platform. Continuous monitoring has
enabled optimizing performance and user experience. Incre-
mental updates have added features and expanded domain
coverage. This methodology has facilitated the rapid devel-
apment of an intwitive conversational imerface for easy recipe
discovery while enswring a scalable platform for enhancing
capabilities [15].

Requirement

)

Data Preparatson
{(Collect Culinary Dala, Procasses for MLP)

)
NLP Model Developrment

v

Bot Dwsign
(Comversation Fiow, Liser Interface)

Y

Intsgration

Daployment

v

Feedback & Improvemant
(Gather Feedback, AnalyDe Impact, identify Enhancements)

Fig. 2 Flowchan of ORDM chatbo regarements for Deployment ssd

malsteflane

X1, CONCEPTUALIZATION

The chathad has enabled wsers w search for recipes and
related information easily through matural conversation. The
target audience comprises home cooks looking for an intuitive
way o find recipes. Technical reguirements have been gathered
o determine necessary MLP libranes, database syvsiems, and
clowd infrastrocoure. Integration with external recipe APIs has
been evaluated. A leading chatbor development platform has
been selected based on conversational UL NLEP processing., and
scalabality capabilities. Protsyping tools have enabled rapid
iteration. [9]



XKII. DEEP LEARNING ARCHITECTURE

The chathar kas been developed wsing a deep learning
model trained o understand natweral langeage and classify
user intenis. The maodel architecture comprises recurrent neural
netwaorks like Bi-Directional LSTMs 1o capiure the contexiual
meaning and attention mechanisms w identify keywords [14)
[La].

Fig. 5. The smerncison wich O8I Chathots on Culsnary Decssion - Makisg

The figure shows the chatbot interactions, and the impact
af the chathaot is discussed below:

13 ORDM ChatBot's Al-driven recommendations signif-
cantly infleence user dietary choices.

23 Case smdies show its practical applications in diverse
culinary settings.

33 The proposed chathot’s suggestions led wo more efficient
ingredient usage and menu planning in a gowrmmer restau-
rant.
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43 Extensive testing and case stodies validate the chatbot™s
effectiveness in providing railored dietary recormmenda-
Lons.

53 Users benefit from personalized suggestions., leading 10
mare infonmed food choices.

61 Al promotes healthier, sustainable., and diverse dietary
labits.

T Professional settings see positive outcomes like efficient
ingredient management and menu planning.

XIII. FUTURE WOREK

The initial iteration of the ORDM ChaBo demonstrates
Al's promise in delivering tailored culinary suppaort: however.
several key elements need further investigation and refnement
o enhamnce its dependability, adaptability, and user experience.
A erucial area for development is the enhancerent of the
MNLPF maodel’s ability o grasp and manage inricate culinary
languwage. Currently, the chatbot struggles with recognizing
and accurately interpreting specialized culinary terms, such
as differentiating among various thickening agenis {e_g.. roux.
slurry, beurre manid) or understanding regional variations in
ingredient names. To sddress this isspe, we plan o employ
transfer leaming by Ane-tuning a pre-trained culinary lan-
guage model, Rasika, with a large dataset of culinary-specific
content, incleding recipes, cookbooks, culinary articles, and
online cooking fomams. This advancement in NLP capabilities
is expected wo significantly improve the chathot’s accuracy in
comprehending wser guestions. identifyving pertinent ingredi-
ents and technigues, and providing msore precise amd wseful
recommendations. Another primary focus will be expanding
the database o encompass a wider range of global cuisimes.
The current database is predominantly orented towards Indian
cuisines. We intend to incorporate recipes and nputritional
information for [mention specific cuisines you will add, e.g..
Ethiopian. Peruvian, Viemamessz] by gathering data from
[mention spurces like cookbooks, websites, collaborations
with chefs specializing in those cuisines]. This will enhance
the ORDM ChatBot's relevance and wtility for a brosder
audience with diverse culinary preferences. Funthermose, we
aim o integrate reinforczment leaming. enabling the chatbot wo
dynamically adapt sts responses and recommendations hased
on user interactions and feedback. By analyzing oser satis-
faction, dictary objectives (e.g.. weight loss, low-carb). and
preferences, the chatbot can learn 1o provide moce personalized
and effective advice over time. This adaptive learning capabil-
ity is critical for maintaining the ORDM ChatBot's ongoing
success and relevance. Additionally, an essential aspect of our
future efforts will be establishing robust validation procedures
and performance benchmarks. We propose o conduct com-
parative evaluations against existing recipe recommensdation
systems (e.g., Allrecipes, Yumnly) and dietary planning tools
{e.g.. MyFitnessPal), wtilizing established metrics such as
precision. recall, Fl-score., user engagement {measured by
session duration and task completion rates), and compliance
with recognized dictary guidelines (e.g., USDA guidelines for
healthy eating. dictary advisories for specific conditions Like



diaberes). Performance benchrarks will alsa be established
o assess the chatbot’s response tinse. resource usage (CPLU
and memory consumption), and scalability (number of con-
current users supported). These validation efforts will yield a
better understanding of the ORDM ChatBot's sirengths and
weaknesses and will inform future development initiatives to
enhance s overall performance and effectiveness. Through
these targeted developmental efforts, we aim to craft a more
reliable, adapiable, and wser-friendly ORDM ChatBot that
can truly revolutionize how individuals engage with food and
make informed dietary choices. Continuing research and user
feedback will Be wital in guiding our ongoing efforns and
ensuring that the system remains aligned with the evolving
needs of it users,

KIV., CONCLUSION

Creating and implementing the Offline Recipe and Diet
Management (ORDM) ChatBot is essential o applving arti-
ficial intelligence in cooking. The ORDM Chatlsst has rev-
olutionized culinary practices o some extent by providing
cafeteria diet recommendations and increasing the inberaction
between users and food techmology by employing some of
the best MLP technigues and deep learning models and by
following a user-centered design approach. Based on the wsers”
preferences, dietary restrictions, and other conteximal inputs,
the chathor is capahle of recommending meals hased on
the selected preferences, optimizing the use of certain food
ingredients, and recommending bealthier foods. Is wse is mot
lirmited 10 caswal wsers but also covers professionals in the
culinary industry, including restaurants, to help in mensing
and operations. With it conversational interface. the chathot is
incredibly easy to use and will be guickly adopted by the target
audience in all age categories. Monetheless, the study reveals
some difficulties and drawbacks of the research. The main
lirnitations of the chathot are in understanding specific food-
related terminalogy and the representation of relatively local
and particular types of food. This study also reveals thar users
sometirees face problems with the msavigation within the inter-
face. They represent the need for further enhancement of MLP
functbonality, the necessity o develop the culinary database
encompassing the culinary waditions of differemt countries,
and, finally, the need for the ongoing improvement of the
interface design. Future directions for the work will involve
the creation of even more fexible Al-based models of culimary
decision-making, which can be applied o a broader range of
scenarins and culiural specifications aboar diet. Increasing the
coverage of the knowledge base with variows cuisines of the
waorld and impeoving the methods of semantie analysis wall
also improve the wusability of the chatbor. Foanher, real-time
feedback loops shall be incorporated into the system o make
the system dynamic in its application. These are the general
conclusions of the research. which are highly =ignificant in
light of the present findings, ORDM ChatBot shows how AT
could be used o mediate between technology and practice and
how this might be applied 1o other fields. Thoes, it provides
wsers with the means o make informed choikees and therehy
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shows how Al can enhance the users” abilities and autonomy.
Thus, ORDM ChatBot is a breakthrough in the Al and the food
tech indusery. The effect it has brought o the users, workplace,
and the food industry indicates that it can change how people
manage their diets and food. Althwough various issees should
b resolved, the proposed research provides a solid ground for
the fumre development of inmeligent culinary systems. which
would becorve a reference point for furnther advancements in
Ad-based solutions for food-relsted applications.
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Abstrrol=—This study introdwces o Muoli=-Level Attention Fus
siom (MLAF b moade] Far real and Foke Gace clasification, extending
the V716 architeciure with attention modales ol variows feature
exiruciion stages. The MLAF model enhances sobile facial
mpnipulation deteclion by assigning grester weight toe significant
Tacial regions, addressing the chollenge of distinguiching between
authentic and munipulated imsges in the deepfake ercThe model
imtegrabes features from early, mid, and deep convolutional blocks
of ViGEDG, copluring both low-level fexiures and high-level e
muendic coes. By implementing moalti-level attention mechunisnes,
il selectively amplifies imporiant feabure maps while downplaying
less informative ones;, combining channel and spatial abbention
to refioe intermediate features. Using a dataset «f over 2000 real
and fake Mfwee images, the methodology invedves data preparation,
normalization, and splitling inte iruining. validition, and festing
seix. The MLAF architectare inchusles sarly-slage convidutional
luyers., mid-level allention modales on ocks 3 amd 4. high-
level attention an block 5, and Teatore Tusion for integriding
luwal and global cues. Resulls show promising performance, with
irainimg wccuracy approsching 91.5% over 150 epochs. How.
ever, validation accuracy Buectuates doe e podis amd maodel
sensilivily, Training less stabilioes around (L1, while validition
losx Huctwales beiween 023 and 027, averaging 0.5, These
resulls indicate effective learming bt highlight challenges such as
potential pverlitling and the peed For robust model iuning. This
study contributes o decpfuke defection by combining transfer
lewrming with multi-level attemtion mechanisamns, offering insights
imte distinguishing beiween real and synthetic Gcial images.

Irdexr Termy—Transler Learning, VGG, Face ClassiBeation,
Deeplake Detection, Keal vs Fake Face Images. Convolutional
MNearal MNetwork (CNN), Model (ypimization

I, INTRODBUCTION TO DEEPFFAKES
Deepfakes are a significant leap forward in amifcial ineelli-
gence, especially when creating synthetic media, Essentially.
a "deepfake” refers w altered or generated visual and awdio
content that can trick viewers into believing it"s real [19]. This
technobogy relies on advances in deep learning, panticularly in
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areas like computer vision amd natral language processing.
While it has impressive capabilities, it also raises serious
concems ahout its potential for spreading misinformation and
propaganda.

The deepfake gemeration has sdvanced from basic tech-
migues bo mvore sophisticated models. Ope foundational methaed
imwalves autoencaders, inittally developed for image compres-
sion bt lster adapted for creating deepfakes. Notable exam-
ples include FRGAMN [16], which helps maintain consistent
o and expression during face swaps, and DeepPacelahb,
which vses autoencoders o learn and replicare facial feanures
and movements frame-by-frame, resultiing in high-quality face
awap videos [9].

A Deepfule Derection Mettaods

Geenerative Adversarial Metworks (GANsS) [12] have been
pivotal in advancing deepfake echiology, GAMs consist of
two networks—a generator that produces symthetic content
and a discriminator that attempts o distingoish between real
and fake content. This adversanial process contimses until the
generator cheates comtent that ig isdistinguishable from real
comtent about 50% of the tme. Yanants of GANs such as
ProGaM, CycleGAM, and StarGAN [4] have further enbanced
the quality amd diversity of symthetic media, [11]

B Tipes of Deepfake Content

Deepfake content conees in varous forms, from generating
entirely new faces and swapping identities o altering specific
features and expressions. This wechnobogy can even extend
o full-body puppetry and aondio moedifications. such as voice
swapping and vext-to-spesch (TTE).



o Deep Learning Apprroeches

For detecting awdio deepfakes, researchers have developed
several deep-learning methods. Convolwtional MNewaral MNei-
waorks (CMMs) [6], ResMet-based models, and atention-based
models are among the prominent approaches, Additiomally.
there's been an explorion into ensemble models that combine
mualtiple detection technigues o improve accuracy [B].

I Maded-Modal Approaches

Multi-mesdal detection methods enhance accuracy by ana-
Iyzing both audio and video comtent at the same time. By
loaking for inconsistencies between the two modalities, these
methods can more effectiwvely identify deepfakes. Examgples
include  visual-audio synchropization [7]. which checks if
audie and video are properly aligned, and phoneme-viseme
miasmatch [3], which leoks for discrepancies berween spoken
sounds and their comesponding lip movemens.,

E Daasers for Deepfoke Detecnion

High-guality datasets are crocial for training amd evalo-
ating deepfake detection models. Nodable examples inclode
FaceForensics++ [18], which offers a wide range of deep
fake wideos for svstern evaluaton, Celeb-DF [15], a daraset
featuring varions celebrty deepfakes o help train models on
different facial manipulations; the DeepFake Detection Chal-
lemge (DFDC) daraser [5]. which provides a diverse array of
deepfake content for developing robust detection technigues:
and DeeperForensics- 1.0 [ 10], known for its detailed deepfake
data that aids in Ane-tening detection models.

I, PrROFPOSED METHODOLOGY

This research aims to develop a machine-learming model 1o
distinguish berween real and fake faces using a convolutional
newral metwork (CMN) [6]. The approach use seal and fake
dataset Detection from Kaggle of over 2NN images.

A Dhara Prepecrarion

The dataser for this smudy consists of nages categorized
im0 twee classes: real and fake faces. This function processes
the images by resizing them o 2360236 pinels and grouping
them inte batches of 32, To enswre consistency and reduce
computational load during training, the dataset s nommalized
by scaling pixel wvalues wo the range [0, 1]. achieved using a
lambda function within the map method.

The dataser is divided into three subsets 0 maintain robuast
mode] performance: T For training, 20% for validation, and
1% fior testing. The training set is used e fit the model, the
validation set aids in twning hyperparameters and preventing
averfitting, and the testing set i3 wsed to assess the Amnal
model's performance [13).

B Model Architecnioe Midn-Leve! Arrennion Fasion (MEAF)
Maede!

Multi-Level Admention Fusion (MLAF) model that extemnds
WG 6 [1] by incorporating attention meodules an varions fea-
tpe exteaction stages 1o enhance the depection of subale facial
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manipulations. The goal is to use feaures from early, mid.
and deep convolutional blocks by assigning greater weight
1o significamt facial regions. The descrption of the following
algarithms.

| Input Images .

VEGE1E Biock 1.2

N

Wd-Lavwal Aleriion on Block 3 Miag-Lawed Amention on Block 4

High-Levwal Atienicn on Blodk §

w
l Concalerdla F-BMI'HJ

Giobal Pooling & Dorse Lajnrr:-

}

lﬂa—al-'Faku- Classseatce |

Fig. 1. MLAF Mosfel Flowckan, sbowing how mulis-level sttestion modules
are insemed inbo the feaane exiraction path of o YOGS bockbose.

1. Imput Images: FBeal or fake face images are nomsalized
and rezized for consistent processing.

2. Winz16 Block 1-2: Early-stage convolutional and pool-
ing layers exiract primtive edge and texiare festures.

A Mid-Level Attention on Bleck 3 & 4: Each block’s
owiput is passed through attention layers that leam o
emphazize intermediate facial features, such as eyes or
maath shape, especially important for detecting local
e pulations



A_ Feature Fosion: Outputs foom attention modales in mid-
lewel blocks are combimed o align muolii-scale decails
before feeding into the deeper epwork lavers.

5 High-Level Attention on Block 5 The highesi-level
block owiput focuses on absract facial representations.
which are funher refined by attention mechanisms o
capiune global manipulations.

. Concatenate Features: Merged multi-scale features are
concatenated o integrate both local and global cues.

7. Global Pooling & Dense Layers: A global average
pooling step reduces the spatial dimension, followed by
fully comnnected layers that classify the fused features as
real or fake.

O Mualvé-Level Amrention Blocks

Below is a more detailed look @t the imemal fow of each
attention module. The attention madules selectively amplify
high-importance feature maps while downplaving less infor-
MALVE OIS,

[cnn'.- Feature Maps |

}

Channel Attention |

Spatial Attention

!

[ Weighted 'Dulput]

Fig. 2. Muhi-Level Atiention nsosdule usisg both channel ssd spamal amentios

mrrech W orefine limie fealures
Deseription
« Channel Attention: Learns oo weight feature map chan-
nels based on their overall uwsefuless in predicting

whether a face is rmanipulated.

« Spatial Attemtion: Applics a furher spatial Aleer that
highlights critical regions (e.g., eves, mouth). which often
reveal subtle manipulations.

= Welghted Owtput: The resulting attention-refined feature
maps are fed to the main classification pipeline, emsuring
that zalient areas receive more emphasis_

By fusing anention-enhanced representations from multiple

layers., MLAF captares both low-level texiures and high-
level semantie cues, improving the ability w detect real vs.
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synthetic facial images with fewer misclassifications. This
design leverages the sirengths of WYGG16G [1] while addressing
the gaps in standard wansfer learning approaches for deepfake
detection.

I1I. RESULTS AMD AMALYSIS

The training accuracy steadily improves, asympiotically ap-
proaching the target of 91%. The validation accuracy, though
following the gemeral trend of improvement, fuctuates mvore
significantly due to noise and the model’s sensitivity 1o the val-
idation set. This variability is realistic, as external factoes such
ax batch sampling and data augmentation during validation can
lead o emporary performance drops. Despite the moise, the
wvalidation accuracy eventually stabilizes. aligning closely with
the raining accuracy, signifyving robust performance.

Overall, the resulis indicate that the model is learning
effectively, with a clear rend of decreasing loss and increasing
accuracy. The variahility in validation metrics mirrors practical
challenges in training, such as overfiiting or dataser noise,
bar the minimal gap between training and validation metrics
suggests a well-regularized model. These patterns reflect a
high-performing system that balances learning capacity with
generalization ability, achieving the target accuracy while

The model’s training and validation resals show a clear
improvement in performance over 1 epochs, as evidenced
by the twraining logs and the accompanying plots of boss
and accuracy. These wvisualizations reveal how the model’s
performance evolved., with both boss and accuracy metrics
demonsirating a positive trend throughout the raining peocess.

At the end of 150 epochs. the model exhibits the following
loas values:

Training Loss: Stabilizes around OC1E. This value reflects
the average error the mode]l makes on the training dataser.
A low wraining loss indicates that the model has effectively
learned the patterns and relationships within the raining data,
minimizing s prediction error. The steady decrease o this
value highlights a successful optimization process.

Walidation Loss: Flucmates between 0.23 and 027, with
an average arpund (.23 The slightly higher validation boss
compared 10 the training loss indicates that while the model
generalizes well o unseen data, it experiences minos chal-
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lenges. such as owverfiming vo the training data or inherent
wvariability in the validation dataser

The loss gap {(difference berween validation amd training
loas) s approximately 0007, This gap s within accepiable
limuits and swggests that the model’s generalization capability
is strong, with only a minor endency toward overfining. The
Auctnations in validation loss { 0.0 range) are realistic, reflect-
ing challenges such as moisy or diverse validation data. These
logs walues demonstrate the model’s owverall effectiveness:
Consistent training loss shows thar the oprimization process
suceesafully minimizes error on the training set. Slightly
higher validation loss reflects the model’s ability to generalize,
with minor discrepancies likely due o differesces in dara
distribution or inherent nodse. In summary, with a iraining
loss of (L8 and a validation boss averaging (0025, the model
exhibits robuwst performance. These values indicate a balance
hetween learning from the waining data and generalizing 1o
unseen validation dara

IV, ComMCLusion

In comclusion, this siudy presemts a novel Muolis-Level
Attention Fusion (MLAF) maodel for real and fake face classifi-
catbon, demonstrating promising resulis in the challenging Geld
of deepfake detection. By extending the WGG L6 architecture
with atention modules at varkbows feature extraction stages, our
model effectively captures both bow-level texiures and high-
level semantic cues, enhancing the devection of subile facial
manipalations. The model’s performance. achieving a training
accuracy approaching 91.5% and a stabilized iraining boss
af LI8, underscores s potential in distinguishing between
authentic and synthetic facial images. However, the Auciu-
ations i validation accuracy and the gap between iraiming
ardd validation logses highlight the ongoing challenges in this
domain, particularly in terms of model generalization and
robustness. These findings nod only contribate 1o the evolving
field of deepfake devection but also emphasize the imponance
of advanced techniques like muli-level attention mechanisms
ard transfer leaming in addressing the complexities of image
manipulation detection. Future work should focus on further
refining the model to wnprove its generalization capabalities
amd exploring  additional strategies o mitigate overfiiing.,
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ultimately advancing the state-of-the-an in combating  the
proliferation of manipulated media.
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Abestraes— This paper presents an Al-driven smart patient
monioring  system  [(SPRM]  aimed af sddeessing critical
healthcare challenges. particalarly those exacerbated doring
crises suwch as the COVID-I9 pandesmic. These challenges
inddude the imability of medical safl o provide cdose,
condinoous  palient  mendtoring, shortages in healthcare
persommel, amd the demand for elfective homse-based care
salutions. By employing advaneed machine learming (BIL),
deep learming (L), and Aramsfer learming (TL) methodologies,
the proposed system integrates real-time health dats collection
with  predictive, patient-centric care o overcomse  these
limitations. YWearable devioss contimeonsly capture vital health
mericy—such as heard rate, stress levels, and other critical
indicatars—facilitating  real-timee  analysis of patiemt  daia.
Leveraging DML and TL muodels ensures the sysiem can process
exlensive dataseis with high acourscy, enabling the early
detection of subile health trends anad timeely intervendion. This
proactive msonitoring G k. minimi delays in reporting
critical cases, enmhances diagnostic predision, amd sepports the
management  of  chronmic  comlitions  sech as diabetes,
cardivvascular disesses, amd Abcheimer's. Dexsigmed o deliver
conlinoous, data-rich insghts and predictive alenis, this system
mi only enbhances patient owlcomes bol also allesiates the
burden on heablthcare providers doring emergencies. By
adkilressing key gaps  in  tradditional  healihcare  systems,
pariicularly im resoarce-Emited  scenarios, this  ressarch
underscares  the  potential  of  Aldciven  solutions o
revolutionize remate bealtheares and ensure robust mesdical
suppart during global health orises.

Heyvwornds— Smart Patient Monmiloring System  (SPN),
Transler Learming (TL), Machine Learming (ML), InT-Based
Healthcare Systems, AL Powered IoT Systems.

I. INTRODUCTION
The COWID-19  pandemic  browghi unprecedented
challenges to healthcare systems worldwide,  exposing
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significant vulnerabilities in the delivery of medical services
during large-scale health crises. One of the most critical
issaes  was the inahility o provide close, cominuoos
monioring of patiends. particularly fior those under home
isolation or quarantine. As hospitals and healthcare facilities
became overwhelmed with the influx of critical cases,
limived resources and waorkforce shortages compounded the
problem. Medical professionals faced immense pressure, not
anly to treat severely ill patients but also o manage non-
critical cases effectively. This sirain on  healihcare
infrastruciure  highlighted the wurgent need for inmovative
solutions (o ensure coinuous patient care while reducing
the burden on healthcare workers.

Another significani challenge was the increased demand for
home-based care, as isolation protocols necessitated the
management of mild o moderate cases owkide hospical
seftings. However, traditicnal healthcare systems were not
designed to suppon widespread remote monitoring, leaving
many patients without adequate supervision. This lack of
close monitoring led o delayvs in identifyving worsening
sympltaems, resulting in preventable complications and, in
some  cases, fatalities.  Addigonally, the risk of wirus
transmission within healthcare sertings further emphasized
the importance of reducing in-person interactions between
patients and medical scaff. These challenges underscosed the
need for scalable, efficient, and reliahle solutions capable of
maintaining healthcare delivery in such critical times.
Antificial intelligence [All, machine learning (ML), and
Interned of Things (LoT) devices offer a promising pathway
o address these challenges. The integration of Al and ML in
loT-hased healthcare systems  enables  real-time  data
collection, analysis, amnd predictive decision-making. IoT
devices, such as wearable sensors, allow for cominuous
moniioring of wital healih meirics, including heari rate.
axygen saluration. body temperature, stress levels, and
more.  These dewvices can transmit data o centralized
systems, where Al algorithms process and analyze ithe
information io deteci early warning signs of healih



deterioration.  This  proactive apgproach  enables  timely
interventions, ensuring thai patienis receive the necessary
care before their conditbon worsens,

During ithe OOWID-19 pandemic, one of the most critical
applications. of such technology was in enabling remote
paiieni monitoring. By equipping patients with loT devices
and leveraging Al for data interpretation. healthcare systems
could minimize in-person interaciions, thus reducing ihe risk
of wvirus transmission. Moreover, Al models trained on
historical and real-time daia can predict healih outcomes and
identify high-risk patients. allowing medical professionals to
prioritize resources effectively. These capabilities not only
enhance patient outcomes but also alleviate the burden on
overworked healthcare staff.

The application of Al and ML in IoT devices also addresses
the issue of scalability. a key concern during pandemics.
Traditional healthcare infrastruciure  struggles o scale
rapidly in response to sudden surges in demand. However,
Al-powered 1oT systems can be deployed and scaled
efficiently, providing a decentralized approach to healthcare
delivery. For instance, wearable devices distributed 1o
patienis in guarantine or isolation can serve as a wvirtual
extension of hospital wards, ensuring that every patient is
manitored withewt requiring constant physical supervision.
This paper explores the design and implementation of an
Al-driven smart patient moniboring  system aimed  at
overcoming  these challenges. The proposed system
imegrates advanced ML techniques, deep learning (L)
medels, and ransfer learning (TL) o analyze health data
captured through wearable IoT devices. By providing
continuoss,  data-driven  insights, this approach ensures
timely interventions, reduces the burden on healthcare
professionals, and suppornis sustainable healthcare delivery
during crises. Through this innovative integration of Al and
IoT. we aim o demonsiraie how  echoology  can
revolutionize remote healtheare, particularly in addressing
the challenges faced during pandemics like COWID-18.

I. LITERATURE REVIEW

The paper [1] provides a review of loT-based wvital sign
manitoring systems. highlighting the role of Al in enhancing
remole  healthcare. The swdy covers data  acquisition
methods, communication protecols, and explores  future
directions such as inftegration with third-party applications
and data compression techaniques for efficient  patient
manitaring within smart environments. In [2], the role of Al
in  healthcare (s examimed with a foous on disease
manitaring and diagnosties, This review  details various
algorithrms used for racking infectious diseases, cancer, and
COVID-19, emphasizing how Al enhances patient care by
supporting medical staff rather than replacing them. Paper
[3] discusses a sman patent monitoring sysiem  that
imegrates machine learning. MANET, and 1oT for real-time
health data tracking. Emphasis is placed on predictive
analytics. with an SV model achieving 91.23% accuracy.
thus enabling timely alerts and personalized care to improve
patieni ouicomes. Chapter [4] surveys existing patient
menitoring literature, with a particular focus on Al's role in
enhancing dafa accuracy, ineroperability, and redecing
alarm fatigue. The chapier bdentifies key technological
advancements and  suggesis optimizations  for  modern
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healthcare monitoring practices. In [5]. an AloT-powered
inielligent sysiem for remote patieni aciivity tracking is
discussed. This systermn combines sensors and machine
learning o moniior paiient  activities and  vital signs,
showcasing s petential 1o improve healthcare delivery and
personalize reatment ihrough real-time Insighis. Paper [6]
details a patient health monitoring system  that uilizes
service-orienied architecture and Al o infegraie real-iime
data from various medical sources. This approach enhances
diagnosiic accuracy, enables early disease detecilon, and
supports personalized ireatment, thus improving  owverall
healthcare efficiency. Paper [7] reviews 47 FDA-approved
remade patient monitoring devices, noting that 12.8% are De
Mova producis. The paper highlighis ihe prominence of Al
solutions. for cardiovascular applications and underscores
the need for innovative algorithms that effectively classify
patients rather than simply improving device funciionality.
In |8], a comprehensive review of remote patient monitoring
(FFM) systems is conducted. The siudy highlights Al's role
in advancing healthcare through wearable devices, cloud
technologies, and personalized monitoring. while addressing
challenges and potential future developmenis in Al-enabled
RPN, Paper [9] presents an [oT-based framework for smar
patient monboring. using sensors such as MAXI0L0Z,
ADEEI2, and NCIT. A deep learning model with 97 81%
accuracy facilitates early detection of health sues, thus
supporting proactive healthcare managemeni. Papers [10]
amd [11] both discuss smant healthcare monitoring systems
that leverage Al o automate anifact identification in blood
pressure and PPG data. These systems improve wital sign
analysis accuracy and facilitate early diagnosis of siress-
related health conditions. Paper [12] intraduces an Al-driven
patient monitoring  framework  using  mulii-agent  deep
reinforcement learning to address limitations in traditional
monitoring systems. The framework demonsiraies superbor
accuracy compgared o baseline models, supporting timely
interventions for enhanced healthcare owcomes. paper [13]
explores Al imegration in Remote Patient Monitoring
(RPM)  sysiems. emphasizing  applications,  sysiem
architectures, and benefits such as improved mondtoring
accuracy amd predictive analytics. The paper also discusses
challenges and future directions for sian patient monitoring

sy sbems.

IL. PROPOSED METHODOLOGY

The proposed system architecture seamlessly  integrates
wearable loT devices with advanced machine learning (ML)
techniques for real-time health monitoring, analysis, and
actionable insights. It ensures efficient data collection,
processing, and timely alerts, addressing critical challenges
in healthcare crises like COWVID-19 by enhancing proactive
response,  early  detection,  and  personalized  health
management. improving overall patient ouwlcomes  and
system efficiency. Additionally, the system leverages cloud
computing and edge Al to opiimize performance. ensuring
scalability, security, and low-latency processing. By
incorporating prediciive analytics, anomaly detection, and
adaptive learning, it suppons continuous health assessmendt,
remade  patient  mondtoring,  and  timely  inferventions,
revolutionizing digital healthcare solutions.
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Fig. 1: Proposed System Architecture workflow

Data Collection Layer: The Data Collection Laver ks the
foundational component of the sysiem, here we collect the
benchmark dataset form Kaggle and for runmtime data we
utilizing wearable loT devices such as smanwatches, fitness
trackers, and biosensors to continuously monitor vital health
metrics,  inclsding lheart rate. blood pressure, oxygen
saturation. body temperaiure. and  siress  lewels. These
devices are equipped with embedded sensors like pulse
oximeters and ECG sensors io capiure high-frequency data
in real time. The collected data is ransmitted to the cemral
processing  wnit of closd server wusing  comimisnbeation
profocels such as Bluetooth, Wi-Fi, or cellular networks,
ensuring seamless and continuous acquisition of health
information.
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Fig2: Proposed System Architeciure
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Data Preprocessing Layer: We recognize ihat data
collected from wearable devices ofien comains nokse and

artifacis arising from device Inaccuracies, movement, or
environmental factors, necessitating robust preprocessing o
ensure the data s clean, conskstent, and ready for machins
learning (ML) analysis. The preprocessing layer involves
several critical steps: data esaraction from [oT devices or
cloud storage  for  processing:  noise  removal  using
techniques such as low-pass or high-pass filtering 1o
eliminate irelevant or erronecus data; normalization fo
maintain uniformity across diverse devices and metrics; and
feaiure engineering fo exiract key features like hearnt raie
variability, stress  trends, amd sleep quality  indices,
enhancing the accuracy of ML models. To achieve thess
abjectives, we employ  advanced signal processing
algorithms and utilize Python libraries suwch as MumPy,
Pandas. and Scikit-learn for efficient data manipulation and
transformation.

Data Storage amnd nt Layer: In the Data
Storage and Management Layer, we implement a centralized
systermn o securely siore preprocessed data, enabling both
real-time  access  and  historical  analysis.  This  laver
incorporates robest clowd storage solutions, such as AWS,
Google Clowd, or private servers, alongside databases (S0L
or MaS0L) iaillored o the complexity of the daia. By
ensuring secure and scalable siorage of patient information,
this layer supporis efficlent querving for  ideniifying
historical health trends and facilitates ML model training
with high-quality datasets. We emphasize the importance of
this layer in mabntaining data integrity and asccoessibility,
which are coritical for  the  system's  reliability  and
effectiveness.

Machine Learning Layer: The Machine Learning Layer
serves as the core of the system, where advanced ML
algarithins analyee the processed data to generate actionable
insights. In the training phase, both historical and real-time
data are utilized to train wvarious ML models. including
algarithms like Decision Trees, Random Forests, Support
Vector bachines (SWH). and Desp Leaming models such
as Long Shori-Term Memory (LSTM} networks and
Convolutional MNewral MNetworks (CMMs). which  are
employved ito detect paiterns and irends in healih daga.
During  the testing and walidation phase, models are
evaluated using unseen data to ensure they generalize well
amd maintain bhigh accuracy. Once trained, these models
classify health metrics into predefined categories—such as
normal. warning, or critical—and provide prediciive
inzights, such as fosecasting the likelibood of a critical
event, which can irigger timely interveniions. We highlighs
the significance of this laver in transforming raw health data
imtes waluahle insights that can directly enhance patient cane
and decision-making.

Alert and Notification Layer: The Alert and MNotification
Layer is responsible for generating actionable outputs based
on the insighis derived from ihe ML models. providing
timely amd relevant information o both  patients and
healihcare providers. Emergency aleris are sent to medical



stafT if & patient™s health metrics exceed critical thresholds,
ensuring swift intervention when necessary. Additionally,
non-critical reminders, such as prompis o take medication
or engage in physical activity, are communicated to patienis
wia mobile applications or smart waiches, Commaunicaiion
channels include mobile notifications, SMS, or email aleris.
which ensure that relevant parties receive the information
promptly. Furthermore, inegration with healthcare provider
dashboards enables real-time monitoring  and  decision-
making. As authors. we emphasize the imponance of this
layer in facilitating seamless oommunication, enabling
proactive  healthcare and improving  patient  owlcomes
through timely aleris and reminders.

Feedback and Continuous Learning Layer: The
Feedback and Continuous Learning Layer ks crucial for
enhancing the system's performance and ensusing s
adaptability over time. This layver incorporates a feedback
lep that allows the system o comntinuously update its
merdels with new data, thereby refinkng predictions and
improving overall sccuracy. Additionally, feedback from
both patients and healthcare stafT = actively collecied and
analyzed to  further refine  sysiem  recommendations,
ensuring that the system evolves based on real-world usage
and wser experiences. As authors, we recognize that this
continuous learning process s essential for maimaining the
system's relevance and effectiveness, as it enables the model
te adapt o changing patient conditions and evalving
healthcare needs.

oL CASE STUDIES AND EVIDENCE
MATERIALS

Examining real-world case siudies is essential o
showeasing the impact and benefiis of Al-powered Smart
Patient Monboring  (SPM} systems on patient  health
outcomes and healthcare efficiency. These case studies
provide oomcrete evidence of how Al-driven SPM systems
can enhance the quality of care for senior citizens, oplimize

5l rative recovery, and improve the man ent of
Entmuﬂrillm. BF[};HEJ_}'IMBF“IEE mmphﬁe gain
waluable insighis ivo the operational effectiveness and
transformative potential of Al in revolutionizing  patient
maaitoring and advancing modemn healihcare practices.

Case Study 1: Post-Surgical Monitoring

A comprehensive pivotal siady  implemented an Al
powered Smart Patien Moniwosing (SPM) system o support
patients  recovering from  heart  surgery. The  system
continuously tracked wital signs such as blood pressure.
oxygen saturation, and beart rate, along with monboring
phiysical activiny levels. Any deviations from noomal ranges
riggered real-time alenis, enabling healthcare dders o
imervene promptly. This proactive approach facilitsted the
early  detection  of  potential  complications,  including
infections, arrhythmias, and other posi-surgical issises. As a
resuli, hospital resdmissions  were  reduced by 35%,
significantly imgroving patkent cutcomes. Additionally, this
strategy  alleviated the burden on healthcare facilities by
minimizing the need Ffor emergency  readmissions,
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demonsirating the effectiveness of Al-driven monitoring in
enhancing posi-operative care.

Case Stwdy 2: Monitoring of Elderly Care

In an aged care swudy, Al-powered Sman Patien
hefonitaring [ ] sysitems were em d o enhance the
well-being  of  ndependenily  living  senior patients by
monitoring  medication  adherence,  detecting  falls, and
tracking vital signs. The system integrated wearable sensors
with an Al-driven alert mechanism o promply  eeify
healthcare providers and caregivers of potential emergencies
or health concerns. This contiruous monitoring and timely
alert system significantly improved the overall guality of Life
for senkor participants, reducing emse room visiis by
25% [14]. By enabling early medical intervention, the sysiem
prevented minor health issues from escalating into serious
conditions, showcasing the wansformative impact of Al in
elderly care management.

The case studies presented here  underscore  the
significant impact of Al-powered Sman Patient Monitoring
(SPM) systems across various healthcare scenarios. These
systems have demonsirated their ability to enhance patien
outcomes, redisce hospital readmission rates, and Improes
overall healthcare efficiency in diverse contexts, cluding
post-operative care, chronic disease management, and elderly
moniforing.  These real-world  implementations  provide
comipelling evidence of Al's ransformative pstential in SPM,
paving the way for brosder asdoption  and  further
advancemenis in healthcare technology. By  addressing
curreni challenges and evolving fo meet fuiure needs, Al-
drivenn SPM systems have the capacity to revolutbonize
patient care, fostering a more proactive, personalized, and
efficient healthcare ecosysbem.

Iv. COMNCLUSION

This research demonsirates the potential of an Al-driven
smart patbent monitoring system that integrates real-time data
processing. predictive analytics, and wearable technology for
patieni-centric care. By employving deep learning and transfer
learning,. the system can capture, analyze, and inferpres
commplex  health  metrics,  providing  early  aleris  and
personalized insights that improve patient outcomes. The
proposed system not only enables mely inerventions b
also reduces the workload on healthcare professionals,
supporting  them with accurate and conineous  patien
moniforing. Fuiure work will involve scaling the system io
accomimaxdate diverse health metrics and exploring advanced
Al models o further enhance predictive capabilities and
adaptability o individual  patient  meeds.  This  sosart
monitoring approach has the potential to ransform remobe
healthcare, offering robust and responsive solutions  for
managing patient bealth in real-time.
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Abstracf— The occarrence of sub harmonic and chaodic
oscillations in stator current s wvery wsual for eleciric drives
because of inherent nonlineacities of the system. However, in
mosd applications, preferred response for a msotlor drive is the
period-1  owdllation  and w0 sccurrence  of  subharmonic
oscillations ar chaos reduces the parameter space with respect
by the desired period-1 response or Himit behavior. This
sudy imvestigades ocourmence of andesirable pulsations in the
behaviar of a non- saliend pole Brushbess DC modor drive
operated with msodified divect torgque cantrod technigue where
PT comdrollers are acting on the error signals (o overcome the
drawback of indirect currend control in conventional direct
torgque condral technigue. Numerical sinnalations performed on
the system to study parameder spacer of the drive in terms of
gain of the PI condraller foor achieving desived limit cycle
behaviour will serve as a primary  goide for  selecting
appropriate value of controller gain o ensare ooourrence of
period-1 response.

Keywords—bide drive, claes, direed fongee contred siraiegy,
parraureder space, S cpcle ol Tmdforn.

[. INTRODUCTION [HEADNNG I)

The application areas of a BLDC motor B wide as the
mtor has cemain predominant features such as, high ratio of
output power o frame size, fast dynamic response. less
makntenance requirement, higher efficiency with larger value
of power density and feasibility of speed control over a wide
range [1]. The application areas of the motor include
automebile  indusiry,  aerospace  engineering,  robotics,
meedical irsiruments etc. However, major weakness of a
BLDC mator s high torque ripples [2] causing Aucteations
in velocity. Amount of ripple in commustation torque [3] is
also objeciionable. The siandard practices for reducing
torgue ripple in a BLDC motor include sirategies like
shaping of stator current [4-6]. lead angle adjustment [7,.8],
curreni controlled modulation®-11], modulation of pulse
widih (PWAI) [12]. adjusiing the torgue by direct conirel and
imdlirect flux control [13], harmonic current injection [14],
feedback  linearization method [16] and many  others
Investigations are also in the line of controller desion based
on modelling of torque ripple as a sinusoidal function [17] or
applying the philosophy of artificial neural netwaork [15].

The direct torguee control (DTC) techniguee based om
decoupling of stator flux and the torque [18-20] s another
approach of speed contrel for BLDC drive system. In this
technique, error between the reference amnd the estimated
value of fux and torque decides the switching states of
inverter feeding the motor in order o keep both the flux and
torgue errors within prefized band limits. The use of tyvpical
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Pl and PID comtrellers for implementing DTC rechnique mo
only makes the design simpler. bt also gives good response
under staiic load condition. Beiter response under varying
load conditions is achievable by wse of fuzzy logic controller
(FLC}. Howewver, the DTC method suffers from certain
obvicus disadvantages like indirect stator current control,
variable switching frequency etc. Examgples of other methods
for minimizing weque ripple as present in the existing
literature are voliage pulse amplitude modulation [21] based
on DC-link voltage, sensorless drive with PI controller based
cuk converter [Z2] elc.

Im a BLDE mdor drive, occurrence of nonlinear
behaviors like limdt cycle oscillaikon, subbarmonic and
chaotic oscillations are very natural because of switching
nonlinearity, nonlinear nature of the magnetization curve of
the permanent magnets and many other reasons. Hematl first
pdentified chaos in a BLDC motor [23). Several other
investigation on dyvnamic behavior of the mowr drive due 1o
variation of different parameiers are present in the literature
as reporied in literafure  [24.25]. However, wvery less
investigations are present exploring the parameter space for
oocurrence of desired period 1 response or the basin of
atiraction for period 1 respormse in a DTC driven BLDC
modor drive system. The authors therefore in this ariicle
investigated the hasin of atraction for period-1 response and
chaotic behavior of a BLDC motor with PT contraller hased
DTC technbgue.

This article describes the investigation by stating
mathematical medel of the motor  including  effect of
harmonics. Secilon 3 presenis the theory of conveniional
DTC technique for BLDC motor. This section also proposes
a medified DTC strategy for BLDC motor drive. Resales of
numerical  simulatiomn r the BLIM. motor drive with
medified DTC are present in section 4.

I, MATHEMATICAL MODEL

C-AXEE
Fig.1: Cross sectlon of BLDC mmor



The set of differestial  equations representing
mathematical maodel of a BLDC mator actually describes the
imerrelations between s equivalent elecirical circuit and
mechanical  system  [26]. rotating  magnetic  feld
generated by energizing three phase windings mounted in
stator slots interacts with the permanent magnets placed on
the rolor causing ii to rotate. Proper condrol of the timing and
sequence of fow through the stator windings regulates
magnitude and direction of the rotation. Although, Fourier
series  representation  approximates  the magpetic  field
distribution in the air gap, but for simplicity the general trend
iz o model the abr gap magnetic fleld as a trapesocidal
distributien. This simplification helps in amalysing  the
mevior's  performance  withow  considering  the effect of
magnetlc saturaibon and higher-order harmonics. Considering
a BLDC metor with F number of poles and surface mounted
non-salienl type permanent magnets, the expression of stator
flux linkage A ... due o current § p.. in the three phase
star connected stator winding as-wx ', befs’, csox " as shown
in cross sectional view of the motor in Fig. 1 takes the form
as in (1)

sinlZo—1)8,

™ i~
A= Lt 2,3 Ky, s (2n-1) 8, -2 || )
==l ,

i~
sin { 2a-1)| 5,+%1
h, rl

In the above equation. § represenis rolor position in

elecirical degrees, A as fundamental comporent flux

linkage peak, K as normalized walue of the n'® harmonic
flux linkage relative to fundamental and L, presents self-
inductance matrizx of the stator winding as shown in (2). It is
waorth to mode at this int that effect of 3™ harmonic is
absent in the trapezoidal back emf as the stator windings are
wye connected with floating neutrals and only 5% and 7%
harmonics are 1o be conskdered.

1 1
L, —-L, ——L
L:I+ 2 E ] a2 e
L= iy L+0, Y @
="zt L= ()
1 1
Y N ]
= A ) a L:I"'I'.'lu

The stator voltage equations as shown in (3} describe the
woltage drop in stator winding with resistance r due 1o flow

of stator currents and induced trapezoidal back emf in the
abc frame.

Vo AL LU A
v (=10 5 D4 |+ % A (3
v, o o r|li A

The terms {'I-"_.f_.ﬂ__:l.{fh.d'h.ﬂh_:l.{va.L.--L__:I in abowve
equation represent voltage, current and flux linkage in the
three phase stator winding with phases being marked as a, &
and ¢ respectively. Assuming F as the moment of inertla of
the mechanical subsystem consisting of rotor and load, T as
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developed eleciromagneiic torque, , as roior speed In
electrical degree, P as numbser of poles of the machine and

T, as combined mechanical torque, dynamic equation for

the motor boad gystem takes the Form as shown in (4.
o

e
f;m;[_;]i?:—?.l ()

Therefore, the expression for developed electromagnetic

torque T, including the effect of harmonic flux linkage,
takes the form as in (5).

_— ook | 2a—1)& )

ap .2 il ’ 2=
T - A E (28 —10 K" | fis mrlzn—l]r i, ——#JJ
| 1, i

3
=1 j._.h . . :
;m[qzn-utﬁg . 2:JJ

+ T (8] 5]

I PROPOSED CONTROL STRATEGCY

The basks of conventbonal DTC principle is the variation
af stator flus, () along the direction of applied stator
voliage wector as described in (6). Thus seleciion of
appropriate combination of voltage vectors (W, Ve Wi, Wy,
Wa, Vel according to torque and flux errors [34-40] controls
the stator flux,

A, =wAL ()

In particular, control of flux takes place in d-g plane, which
has six sectors, each with §0° degree duration. Two suitable
active wvectors, which have angeniial component to the flux
vector are unkgue For each sector. Thus, by selecting suitable
voltage wectors for each secior, conral of fux ds
implemented as of o fraverse a circular locus. The same s
as shown in Fig 2.

Wy

LTI

Va1

W

Ve (0011 Wi 100§

Fig #: Space vector diagram for three phase W51

The selection of switching state for the W51 is implemsented
using a look up table based on the cuwtput of  twe-level
hysteresis comparators. The system uses two such hysteresis
comparators: one 0 exercise confrol  action based on



comparison between the estimated torguee Te with reference
torgue Te* and the ather to control the error beoween the
estimated stator flux ys| and the reference [ws®|. The voltage
wechors of in other words oombination of switching states
(Se, Sz, and 55 of the three phase WSI allows o generate the
line voltages from the do voltage Vi as per (7).

Vi 2 -1 -1 5

Vd—
¥ =T —1 . —1 % {T:l
", N

In the above equation, 5, is 1[&=1—3) when upper

switch of the inverter leg is on and 5§, =0{&=1—=3) . if
the lower switch of the inverter arm is oonducting. In
general, for forward rotation with stator flux Iying in sector

k woltage wector v, needs o e operative 1o increass

_ &1
the stator flux and wvoltage wector ¥, ;5 mesds o be

switched to decrease the stator flux. However. reverse is the
selection of voliage vectors for stator flux in sector-k with
reverse rplation. The same is as shown in Table 1, where the
up-arrow indicates increase in respective guantity and the
doem arrow indicates decrease in amownt.

Sector seleciion for inverter swiiching in DTC

Secionr 1 z 3 4 ] 1
T w Vs K [ Ve K
w,| T
-] K K ¥ H v b

| &

i |
1
S

Caonventional DTC technigue suffers from the drawhack of
wariable switching frequency., large amount of ripples,
difficult coniral in low-speed regions amd absence of direct
current control. In dise course of time, researchers added
several modifications o s originmal  construction  for
overcomdng the drawhacks. These modifications as per
existing literatre are duty ratio based constant switching
frequency as introduced by Ozbwrk and Tolivat [13].
sensorless approach, PI comroller based action on error
signal [27] and many other different ideas. In the present
study. a proportional-integral  oontroller replaces  the
hysteresis coniroller aon the basis of approximated equivalent
mosdel of BLDC motor. Fig3 shows the schematic of a
EBLDC motor drive in open loop configuration with three
phase, 2 lewel PAWR WEI as the converter.
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The relation between inverter oufpul woliage and stagor
current with reference to Fig.3 takes the form as in (B).

i)
v, =R, + J'_,,,—J'."'+e-,+'|.-IJ [E:A]
a
In the above equation, s refers o motor newiral volizge wih
respect o supply midpoint ‘e and v, refers to voltage at
point ‘a' with reference 1o the point o', amd it can has

pﬂ.‘

-.la.'lue-s.:I:T depending upon selection of swiiching states
S, & =12 3) of the inverter as described in (9).

Vo v 25 -1
¥ =T"= 25 -1 1)
Y., 25 -1

Under balanced condition, ie 3 4 =0 . addition of the

voltage equation as shown in (10) for all the phases of the
meior resulis in mathematical expression for ), as presenied
i (10

(v +v, +v.)

Vo= 3 tlu}

Assuming reference load current for phase 'a’ as {“' .
expuation (10) takes the form as shown in (11} .

vnr=E,J_,1+L_“d2'|r" + e+ va (L)

Fig.3: Schemasic of a BLIK d.rlw- vl threr phase 2 level FUWR WS
Under the assumption of simssoidal waveform for the phasze
voliages v, 4, . the walue of W becomes zero.

Therefore, in terms of current error of phase “a’, as shown in
(1), the expression (1 1) takes the form of (13).

Oo=d =i {12)

L R = () 03

The mathematical expeession as  described  in (13}

becomes as in (14) wnder the condition of balanced supply
Sy slent

L% pe i



In a BLIX. motor, the term KO, i negligible in
comparison with I_% and this concludes that current
error can be dedsced from the integration of the difference
between the reference and actual value of phase woltage.
The modified form of DTC technique as presented in Fig 4,
replaces the hysieresis comparators used for taking conirol
action against error in orque annd stator flux in conventional
DTC by Pl controllers. The PI controllers provide the
insfantaneous  wvalue of reference phase wvoliages by
implementing contral action on the omue and fux ercor
sigmal. The difference between actual value of current and
ihe staior current as per reference value of phase voliage
glves current error for each phase, which acts as input to
liysteresis current comparator (HC) in order 1o generate the
switching signals for the voliage source invenier. The de
link voltage Vo and the switching signals according o {7)
estimates the phase voltages. Thus, the feedback loop for
the: drive as shown in figd stans with the action of torgue
and stator flux estimation block which gives input of actal
walue of torque and stator fAux o the PL controllers
Therefore, this modified DTC  method needs Clark
transformation o convert the moter’s three-phase currents
paramseters (0 0, 0 ) o a stationary reference frame (o-§
coordinate system) as per the standard comversion Formula
as stated i (15) and (16).

le=1, (15)
=52 (18)

The moter madel then uses park ransformation o convert
from o-f coordinate sysiem o rotating d-g reference axis
frame as presented by (17).

[ .fq_:l _ [ cosdl sin ﬂ;:”:f“] an
I, —slnd  cosd || 1,

The following section describes how the worgue and stator
flux estimation block as shown in Figd determdnes the
actual value of worgue genersted from the stator current in d-
q reference frame. The tosque and stator flux estimation
block wses 18-20) o estimate stator flux and torque From
stator current in d-q reference frame, e, 1, .Fq_

I, = % {18)
=YY a9
L,
ar;
To= Al —vals) (20)

V. RESLULTS & DISCUSSHON

Different  simulation tools are present o test  and
compare different conirol sirategies. ver, they ofien
have restrictions and a limited flexibility. Therefore,
developing a coding based on REEKA method enables
researchers o dewvelop their own designs, models, control
algorithms  and  customized functions.  [nvestigation  is
performed for a 5 KW BLDC motor HPMSE0O00B swhose
parameters are listed in Table [I. This section stedies the
nature of steady state oscillation in motor speed for variation
im gain of the P1 coniroller.

S

J

A

BLIsC
MRIOTOR

Fig. 4: Muodified DTC for BLDC drive
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TABLE L PamapiETERS OF Sw BLDC smorol HPAWAGOOR

Nome of parameter Sy rsnl Valee
Stator Mominal Valiage W 415
Stator winding, per [T [TRTTTTRTY
fihame resksiamen
Stator winding, per Ls (LG HmE
phase Inductamoe
Arggalar velockoy ] 201 A 350 P
Mumber of pales B H
rlzocimum walue of ] L0082 Pwh
pramancat magrest flux
dMomeni of Inerida 1 (OS2 14 2kgm®
Wisooas Friction IT] OO e
LONERA
Mormallzrd magnide Es L0
al 5 armaonic
Pl kzrd mmagniide [ TR

af T karmonlc

The termn bifurcation means gqualitative change in dynamibc
behaviour of a system for wvariatbon in &  particular
parameter. This study aims o observe the effect of PI
coniroller gain on system response. Therefore, this ariicle
describes qualitative change in dynamic behaviour of the
rotor speed for variation in comroller gain by plotting
bifurcation behaviour. As per standard theory of nonlinear
dynamics [23], if in the bifurcation behaviour of a system
for a particular walue of bifurcation parameter, the samples
of roter speed have negligibly small difference in valises,
the dynamic behaviowr of the drive is stable period-1 type
ar  having  limit eyele  oscillation. Howewes, if the
difference in consecutive values of samples is significan:,
the bifurcation diagram will show a dense collection of
poins and system behaviour s chaotic. For subharmonic
oscillation, the bifurcation diagram corresponding o the
parameter value represents a definite number of samples.
Accordingly, response of the sysiem at a pariicular value
of bifurcation parameter can be period -2 with tweo distinct
samples for a particular valee of bifurcatbon parameter or
periad -3,

187

| £ -] ] o = m = = |
Cramn of Fl controller

Flgg - Bifisrratbon behaviour of roior speed agaisss galn of P1conimallor

Mumerical invegration s performed by np-&rall;;l:lg the
system &l rated voltage with 18Mm of load torque and  gain
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of the integral controller for bath the PI controllers is set at
100 with reference value of reference speed set at 200
radian'second. The bifurcation behaviour for rotor speed is
noted as shown in Fig b for variation in progortional gain
of the PI controller from 10t 100 From the abservation, it
can be concluded that the maxmum difference in sampled
wvalues of speed s bess than Irad.sec. when value of
proporbonal gain is more than 70 and with furiher decrease
in contraller gain, there is a gradual expansion in the range
of samped walues of speed. From this obsencation it can be
concluded that  that the speed response is periodic [limi
cycle behaviour) when gain of of proportical controller
excesds T In this some the difference between the
minkmum  amnd  maximum value of rotor speed s
approximately 0.4 radiansec. and for gain value lass than
70, this difference increases upto 2.0 radian'second and
thus behaviour of the drive becomes chaotic. To explore
the range of comroller gain bifurcation of rober speed s
presented agalnst variatin in gain of proportional coniroller
for both the Pl controllers from 100 1o 700 in Fig. G6{a} and
from SO0 to 1200 in Fig.6{h). For both the observations,
gain of [ contreller set ar 1001 is observed thar speed
response  becomes  chaotic for  gain of  proportional
controller becomes more than 7000 Simdlar obseration for
wariation in gain of integral controller i oot included in
this study because of space constraint.

0EL O

Foter eedm rad ner

(SE1] 200 500 a0 30 21 T
Caams of porpoemonal Canm ey
fal

Fimiew wpeeed mrmd woc
-

e

1
1R
| ¢ R bl kot 5 300 o 1 11580 1200

Lt ' o opmacat - cam clben
i
Fig.li: Bifurcation behaviour of rotcr speed agalnst varaibon i gain of
propecertional conirod ber
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Fig 7 Parmmeter space af B DC drive with modified DTC staicgy

To determine the parameter space of the gain value of FI
contraller, rigorous  investigation of system  behanbour
have been conducted For wvariation in gain wvalese of
prponional and inegral conieoller wpto 12000 In each
numerical integration of the drive siroboscopic samples of
the rotor speed are collected. IF the difference between
consecutive samples does not exceed a wvalue of
O.Gradian'second, corresponding behaviowr is marked as
perbsd-1. The basin of atraction of period 1 behaviour
and chaotic behavicur for the BLIMC motor drive as
shown in Fig.7. The light grey colour represents the basin
of atiraction for period 1 bebavior and the red zone
represents chastic or subharmonic speed oscillation.

W, CONCLUSION

This article investigates the basin of attraction with
respect o the proportional and integral gain of a Pl
confroller for selecting behaviow of a BLDC  drive
operated with madified direct torque control strategy. The
mesdified DTC strategy is able o imgart speed control
without any dependence on swiiching lookup  table.
Results show that the system will have period 1 behavior
for gain wvalues of PI controller with in 7500 However,
above this value the behavior s chaotie. This stisdy also
shows  that the medified DTC  techniguee provides
satisfactory performance in terms of speed ripples and
there is a wide range for the gain of PI controllers that can
be ser.
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A Brief Review on Scope of Energy Saving in a
Building
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Abstracs—This siudy presenis a briel review on the effect alf
same key parameiers on the energy performance of a building.
The requirement of providing occapant comflort along with the
Fact that comsiroction of commercial as well a5 residendial
buildings have emerjped as ooe of the promising and Eastese
prowing sector in Indian cconomy have icreased the energy
demand on the abready sireiched sapply side infrastrscture.
Studies have shown that the building secior contributes as &
major comsunser of eleciricity amd thus the need for reduction in
energy consumed by a building has gained research interest.
Moreover, amound of energy comumed by a building alsa
condributes o g k ixnd amd i 1
degradation. Therefare, this study with the aim of providing
vecupant comfort reviews the approscies found werldwide

designated o address energy eficiency af o building
Heywordy— glrxing, retroffi, sfoading coafTicien, window wald
Fariiar

[. INTRODUCTION [HEADNNG 1)

In present times several measures are being taken for the
purpose of Energy conservation, which is no doubt a challenge
for the medern civilization. Abowt one thisd of global encrgy
s consumed in residemtial, commercial and public bulldings
for purposes like indoor and cutdoor lighting, space heating,
cooling, wveniilation amd operating different electrical and
mechanical devices, However, according to the International
Energy Apgency, buildings can  also  contribute 1o
approximately 41 percent saving of global energy by 205,
compared with the indusirial sector (24 percent) and the
transport sector (21 percent). Thus, implementation  of
significant policies for promotion of the concept of energy
effickent building has become the need of the hour. In
particular, energy consumption in a building is goversed o
only by accupant hehaviour and climatological factors, bt
technical factors like, energetic quality of the building's
envelope and space conditioning alse have serious imgact [1].

The performance indicator for energy use in a building is
measured by Energy Performance Index{EPI] or Emergy
Efficiency Index of a building and is defired as annual energy
consumption in kWh per sguare metre of the building
excluding unconditional basement.  EP] ratio of proposed
building is established through either perspective method or
whaole Ming perfiormance method. Accosding 1o Enengy
Caonservation Bulilling code (ECBC) a building comiplies with
the oode using perspective method if it meets the prescribsed
minimm o maximum values of envelop comporents,
comfort system, lighting and control in addition io meeting all
mandatory requirements. To comply with ECBC, building
envelop performance factor (EPF) of the proposed building is
less than or equeal to EPF of standard building. Parameters For
which use of minimum value i recommended for better
encrgy  performance of a building are R-value, mean
lumenWatt, solar reflectance index, energy efficiency ratbo,
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integraied part load wvalue, coefficient of performance,
combustion efficiency, thermal efficiency, energy Factar, duct
or pipe insulation thickness. However, the target of making a
energy efficient building can be achieved by using maximum
value of following parameters- U-factor of fenestration
ingulation, fenestration solar heat gain coefficient (SHGC),
total fenesiration to gross wall area ratio (WWER], lighting
power density, fan brake horse power and fan inpul power per
cfim of supply aicflow (Wiefm). In particular, buildings can
achieve energy efficiency by three primary ways. These
inchsde:

(i} Adopting improved design and construction techniques
for eew buildings and enforcing certification system so that all
newly  constructed  buildings  comply  the  mandatory
requirements. Several studies [3-9] are present in the literature
o explore energy  efficient  design of building, both
commercial and residential. Smdies [10,11] lad explored that
for value of WYWER in the range of 30% 10 2004 along with
proper oricnfation and depth of overhang considerable
amount of global energy saving can be achieved. It had also
been explored that for movable solar shedding of exterior
roller shade type that, implementation of awtomatic ONSOFF
contral of shading device rather than passive control increases
annual davlight availability by 20%. Investigations [12,13] on
other types of shading systems, like study on influence of
lowver system inclination for shading devices integraved with
golar thermal system, experimemation on optimum choice of
azimuth angle depending on geographic location for building
inmtegrated photovoltaic shading type are also present in the
literature. Authors in [14] described that significant decrease
in indoor air temperature is possible in a ventilated building
with WWHR as 25%: in comparison to building with WWE as
50%. Choice of a particular shading device on specific facade
oriemation is imporant for maximizing solar heat  gain
redwction. Several studies [ 15-20] are present in the literature
exploring choice of an  appropriate shading  structure
depending on clinsate condition and orientation.

(ii} Through retrofitting existing buildings and replacing
energy consuming equipments. Governments around the
world have taken strong mcasures towards the retrofit of
existing buildings in terms of improving energy performance.
A study made by Ardente et al. [21] indicated that the mwost
gsignificant benefits of energy consumption assessment were
the improvement of envelope thermal insulations, lighting
and glazing. Implementation of proper building envelop
retrofit techniques can reduce anmual fuel cost of a building
significanily. Awhors in [23] demonsirated some retrofit
sirategies such as solar shading, glazing strategies, and
airtightsess  strategy  had  effecis in reducing energy
consumption by 23% 8%, and 2% on average respectively.
A study made by Adtia et al. [24], addresaing the potentials of
bow-emergy  retrofit strategy on a middle-income  urban
residential area in Cairo revealed that envelope retrofit,



efficient solar protection, high thermal inertia, hybrid
ventilation strategies in addition to dormsestic water heating,
photovaliaic panels and solar thermal air conditioning
system- together can achieve wp to B3% total reduction in
electric energy demand. Energy-efficient renovation of
building implies o added insulation, low emissivity coated
windows, efficient electrical lighting  systems and new
heating systems. In an attempt (o evaluate the encrgy
performance of the faculty of architecture engincering for
Fero energy university buildings in Tripoli Lebanon, Osama
et al. [23] found that retrofitting strategies in the envelope
could reduce energy up to 28% | In another study made by
Aboulmaga et al. [26] on sustainability of higher educational
buildings specifically on a retrofitting approach o improve
energy performance and mitigate CO2 emisston in hot
clirmates, it was found that with some retrofitting approaches
in glaxing, insulation and green roof application could reduce
152 electrical energy consumption fiom the bascline energy
use. Some of the important building parameters which were
investigated in [26] for improving boilding  energy use
include choice of thermal zoning of each floor, glazing area,
oecupant schedule, plug load schedule, daylight control,
thermostat seiting, choice of lighting LPD, HVAC sizing, cte.
A analygis is present in [27] staved that retro commissioning
is= the process o improve the efficiency of an existing
building's equipment and ayvsterns. It can often resolve
problems that occurred during design or construction, or
address problems that have developed throuwghout the
building's life as equipment has aged, or as building usage
has changed.

(iit] By actively managing energy use. The concept of
demand response [DR) is proposed as a means of reducing
power system siress [28]. Customers who comgromise enengy
savings or peak load reductions [28] 1ake the benefit from DR,
Fan control [2830], rooftop wundt oocordination [31], and
thermostatic comtrol [32], HYAC system control mechanksms
are all common demand response initiativies.

Therefore, authors in this study have reviewed all the
above-mentioned three strategies of energy saving by a
building. The crganizaiion of this paper is as follows. Section
IT describes effect of window glass and shading on energy
performance of a building. Section 11 reviews different
energy performance. In section IV discussion is presem on
energy simulation techniguees fior verifying the saving in
energy consumpiion after applying any proposed change in a
mewy o excisting building and in section V', effect of demand
response on energy saving has been discussed.

II. EMERCY SavVinG BY IMPROVED DVESHN

A Efface of Window glazing and Shading Seruchure

Adopting improved design means o take necessary design
measures for increase thermal resistance of the building
envelog, because significant amount of beat gain'loess occurs
through facades as showm in Fig 1. This can be achieved by
conskdering  effect of window glazing, shading devices,
window-to-wall (WWER) ratie during construction of a mew
building. The thermal iransmittance or U value and solar hear
gain cocfficient propertics of a glazing systcm measures
amount of heat transfer through the glazing svetemn. U-walue
is the rate of ransfer of heat through a struciure divided by the
difference in temperaiure across that structure. The better
insulated a striscture i, the lower the lower the U-value will
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Fig.1. Hea galndloss ghrough facades

be. The [ wvalue of a complete window svstem depends on
L walue of the window glass and area of center section, edge
section amd frame section. Thus, conskdering L7 as overall co-
efficient of heat transfer, AF. as iotal projected area of

fenesiraiion, & as incidend iotal radiation. S as solar
heat gain coefficient, . r,, 85 interior and esoterbor outdoor

temperatsre., total instantaness energy O flowing through a
window takes the form as in (1),

Q=LA (t,,—1,)+SHGCO[ A G, i

The solar heat gain coefficient (SHGC) is the fraction of solar
radiatbon admitted through a window, door. or skylight -
either transmitted directly andior absorbed and subsequently
released as heat inside a home. The lower the value of SHGC,
lesser is the amount of solar heat that it transmits and greater
ks its shading ability. Buildings with improved glazing units
enjoy good thermal insulation and so achieve appreciable
energy performance during summer season. The situation
however worsens in cold season, as the glazing units are
highly permeable to solar units. Although External shading
devices provide simple solution to this problem faced by the
near zenp energy buildings [1-2], but they are generally not
implemented due o sesthetic reason. An aliernative for
enhancing thermal resistance of the building system and
reducing the solar gain through multiple glazing units can be
to use solar protection devices in the air gap of multiple
glazing units [3]. Sewveral factors play together for selectiomn
of ithe iyvpe of window glazing iclear glassfinted glass!
reflective glass) as described in TABLE L.

TABLE L CLAZING SELECTION PARAMETERS
Parameiers Imporiance
Aesiheilc Enharces beauiiflcarion of the bullding
Emergy
EfFiC Iy Aomeasure of [kghting and coolingg encrgy saving,
Imeparrivsd Reduces anificial Bghting rogeiremens by using
Day Nghting
Clam: Can defeat the purpnse of using glass
Bt s o )

Wimlew A%



Cost of clear glass is the least and that of reflective glass
is the most. There are also innovative products regarding high
performance glasses. These are no doubt costly, but at the
sarme tiree also oost effective as the amount of heat gain is less
and bence causes more cnergy saving.

Solar shedding devices influence daylight level and reduce
annual solar heat gain of a building system. Thus, propser
installation of shedding items directly influences thermal as
well as lighting performance of a building. A wide range of
adjustable shading products is available comunercially from
canvas awnings to solar scroens, roll-down blinds, shutters,
and wertical louvers. Shading devices in buildings can e
fixed, movable, or other types. Each may be either vertical
[placed in parallel 1o the glass plane or pempendicular on the
sides of the window) or horizontal systems (overhanging
sladings). Different types of permamently fixed/ movable and
fixed/mwvable shading products are as shown in Fig.2 and
Fig. 3 respectively. At this point, it is worth to note that same
fenestratbon behaves differently depending on specific design.
In additbon, it should not be assumed that products with bow

solar radiation products with lsser walue of SHGC are
preferred.

B Case Study

The case sosdy regarding energy saving by use of
appropriate type of window glazing in a office building with
WWER more than 60%: at Naida [33] as reparted in TALE I1
shows that window glazing has significant effect on energy
saved by a building.

Another case siudy regarding use of innovaiive Fagade
design for energy saving in a school builkding of Murmbai is as
shown in the following section. The school building used
double skin fagade, which s a combination of perforared
aluminum sheet ard glazing [33]. Actually nan solar heat gain
s the reason for increase in heat gain and this non solar heat
gets trapped bepween the perforaied aluminum fagade and
inside skin when using glass with low emissivity as shown in
Fig 3. TABLE Il presents the energy saving caused by the
double skin facade structure

D-value and SHGC are the best and universal solutiomn. TABLEIL ErERCY SavinG BY WIKDOAW CLATING Foi DFFICE
Moreover, it is necessary 1o minimize direct radiation falling ENMLEEC AT Mo
an windoows. Maost importantly, for shaded windows, products Energy Saving
with lower L value perform better and for windows receiving Tahle Electricay P Pastack
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III. ENERGY SAaVING BY RETROFIT

Retro-commissioning means implementing critical steps
o ensure that energy performance of a building is satisfaciory.
It is implemented over a period of time by a team made up of
the refro-commissioning  consuliani, technicians and a
building aperator. This process is low-cost adjustment o an
existing  building’s  operation o improve  its energy
performance. An analysis is present in [34) stating that retro-
commissioning i a process o improve the efficiency of an
existing building’s equipment and svsterns. I8 can often
resclve problens that occurred during design or constrsciiomn,
ar address problems that have developed throughost the
buildings life as equipment has aged, or as building usage has
changed. In particular, retros commissiondng involves a
systemic evaluation of opponunities i imgrove energy-using

SIS,
Insialling  roofiop  phoiovolaic panels  for  domestic

Seommercial building ks a retrofit techaigque for minimizing
energy oorsumption of the building. Retrofit in fagade design
is now irending by installing “ATTOCH™, which s an
Ecoglass product and is ideal for energy saving window
renovations. This  particular  item  converts  an  existing
windowpane into Ecoglass simply by applying low E-glass io
the insikde of the window as shown in Fig 5.

As an alternative measure for window-retrafit is e of
smart glazing ks also becoming popular. Smart glazing means
electrically switchable glass or glazing which changes light
transmission properties when conmected o supply valtage.
Smart glazing is ales applicable in doors and sunroafs

A, Case Study

The case study on retrofit design of an academic instinution
at a latitude of 2258 North and loagitude of BE.48" East,
altitude 11 meter and tirme zone b is as presented in the
following section. The recommendations are as Follows:

1.  Installation of the on-site renewable energy system to
offset at least 20% of the annual energy consumgiion of
internal artificial lighting and HVAC systems is necessary. In
other words, the dedicated renewable enengy unit egquivalent
iy ai leasi 25 % of roof area or area required for generation of
energy equivalent to 1% of total peak demand or connected
load of the building, whichever is less. The unii shall be free
af any obstructions within boundaries and from shadows casg
by obyjects adjacent to the zone.

Fig. 5. Window retrofit by ATTOCH
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2. Maximum value of Solar Heat Gain Coefficient io set at
0.45 as per moderate climate as per ECBC 2007

3. To conduct solar path analysis for the windows of AC
as well & non-AC &5, 1o oensure that the window is
completely shaded for the duration between 10:00 am o Ist
April to L5200 on 30th September and it s recessary (o design
shading structisre using sun path diagram.

4. To maintain adequate lewvel of daylight factor as per
Mational Building Code 2016 by using materials for ceiling,
floor and walls of appropriate reflectance.

Recommendation 5: It is better to have all fans as BEE star
rated and cocupancy sensor based

5. It is mandatory o minimum  energy  efficiency
requirements. fior air-cooled chillers, chilled and condenser
water pumps, VRF air-conditioners as per ASHRAE
standards.

[W. MaNAGING ENERGY LISAGE FOR ENERGY SAVING

Srmart management of ene usage for saving buibding
energy needs simulation result for building energy usage.
Afier. Computer-based simwulaiion is accepied by many
studies as a ool for evaluating building energy. In panticular,
a simulation program  fakes oo account  the building
peometry and orientation. building materials being  wsed,
building Ffacade design and characteristics. climatic
parameters, indoor envieonmental oonditions, occupan
activities and schedules, HVAC and lighting systems and
other parameters o analyse amd predict the eneroy
consumption of a building. There are a variery of energy
simulation softwares like, Energy Plus, Transvs, Carrier Hap,
Trace 700, eQUEST eic. A comparative study is presented in
135] between two design allernatives — Energy Plies and
eDIUTEST with the aim of anabysing the potential of both the
programs to make the whole building energy analysis and
compare the results with the panicular building eneroy
performance. The software eQUEST could be a powerful
graphic program for  the DOE-2 engine. Epnergy Plus is
the newest simulation program under development by the U5,
Author in [36] presenis an aporoach o juedse how differing
types of  sun-shiekds, building orientations, position  of
windows, and wall window ratio MWR) affect the energy
consumption of a facility. E-Quest software is used o simulate
the energy performance of the facility and the simulation
el is calibrated against the measured monthly electrical
consumption. Awthor in [37] examines the Energy-Saving
Performance Contract of an office block by applyving IPMVE
Opioen D together with the energy analysis model established
for the building by eQUEST 1o calibrate energy consumption
simulation results using actual electricity billing data. The
rates of error bepween actual valees and simulation resulis
from the calibrated and uncalibrated models are then checked
o werify the accuracy of the calibrated model. & i indicates
that, a5 comgpared o actual erengy consumption, the mean bias
error and oot mean sguare error for uncalibrated simulation
resulis s 24.48% and 125,050, whereas for calibeated
simulation it is 0.37% ad 34,197 and when lighting power
density increases orf decreases by 509G, overall ene
consumption decreases 30.78% or increases by 31.19%,
respectively. Authors in [38] selected some control variables
ssch as lighting power density. indoor personnel density,
summer indoor design emperatsre. and summer air supply
temperatire  and  described the impact on the  power



consumption of buildings based on e-quest simulation through
the methad of control varkahle. Authors concluded that linear
regression relationship between anmeal power consumption
and indoor personnel density. The higher the indoor design
ternperatuse ks, the lesser is the bulibling cooling losds.
Sumumer supply air temperature will directly affect the enengy
consumption of air conditioning systems and building energy
consumption. In case of new building. adoption of energy
codes and whale building simulation comglying the codes
definitely result in energy saving as memntioned in [39] —
[40]-5ub metering oo intrusive load analysis s necessary o
manage or plan enengy Tor enengy saving. According to
Indian green Building Council {IGBC). it is ales possible to
minimize energy usage in Indian climate by using Greenpro
Ecolabelled praducts.

W, COMNCLUSION

In this study, a briefl review has been presented on
sirategies of improving energy efficiency in building sector.
Authors have prescribed adoption of improved design and
construction technigues for new buildings. Several rerrofitting
technigues have alep been discussed for existing buildings for
minimizing energy consumption. The concept of demand
response for reducing the power hunger has also been included
in this shsdy. Review on siudies presenting building energy
simulation wsing eQUEST software to study impact of
different factors en improving energy efficiency of a building
has also been incheded.
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integration fecilitades  secore stovage  aod  seaunfess ooy
srnclrargzifon, mroviding scalability amd seprortfog predicifve
analytics  for  ioforoed  decisonsoreking.  Aged Seorse alio
evrvivioers developing dedicated applicatfons thad wdll emyposer
Faramers with focalized recommendations oo sentmearared alerts
Featerres saref o crop disesrse defecifon, water wsage efficiemey
arcrlywis,  and resounrcr opffmdeation ot fo aeinfoediee
erviranmental fmpecd and  promote secainable  Saming A
podential  fivure scope  incledes  iedegeeding advanced  edge
carryreriing desfoes fo aninfanine Safeocy amd deperadfency oo stallde
draterraed cornreetivily iR remote areas

Keyweores— Agri-Sense, Cloud fefegration, Bk Plafforar, Crop
Yield, Crop dfiveave detesction

[, TWTRODUCTHN

In receni wears, ihe agriculiural secior has wiinessed
significant  technological  advancemenis  due  w the
imegration of smar technologies such as the Indernet of
Things (IoT) and Agcificial  Intelligence  (Al).  These
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innovations have made traditional farming practices maore
modern, making them more efficieni. swsiainable. and
adaptable to the challenges due o the variation in climatic
condition, resource scarcity and increasing demand for food
globally. This Agri-Sense: Smart Farming with IoT & Al
can e recognized as one such innovation. This madel can
be reated as an imegrated system designed o opiimize
farming operations through the seamless use of advanced
technologies. [1]

This Agri-Sense contains a petwork of [oT-enabled sensors
strategically placed in the agriculbural environment o
continuously monitor various critical parameters, incheding
soil moksture.  temperature, light  intensity, amount  of
minerals like Potassium, FPhosphorus, and amount  of
Mitrogen gas content in the soil as well as amount of
rainfall. Accordingly, the instanianeous water flow rate will
be regulated wsing water pumps. [1][2] The actuation of the
pumps is acommplished using relay rack. By collecting real-
time data from these sensor array, the system can provide
farmers with invalsable insighis into the condition of their
crops and the surrounding environmental condition. [ 1][2][3]
These data poinis are then transmitted o the clowd for
storage purpose, enabling farmers o access the information
remalely theough a mobile application software or the same
data is awailable in a dedicated wehsite

The core strength of Agri-Sense les in its ability o use Al
amd machine leaming algorithms to process the data
callected by the sensors and the designed system is able o
take intelligent decisions based on pre-defined set polms ([4]
In this work the systern can automatically rigger the
activation of water pumps when so0il moisiure lewels Fall
below  the  reguired threshald, ensuring  optimal



irrigation. [S][8] [11][13] Addittonally, Al algorithms s wsed
to amalyse historical data and are able to predict future
tresids. The information is accessible to the subseribers that
enable farmers o take corrective measure for irrkgation,
crop  management  and  resouwrce  allocation [5]  This
predictive capability not only helps in optimizing resource
usage bul also minimizes wastage, making farming more
sustainable [13]

The integration of 1oT and Al provides real-time monitoring
and  decksion-making, reducing  the need for  manual
imervention and enhancing the overall efficiency aof
irrigation_[1] Farmers can access the system's insights and
coniral mechanisms remotely that is allowing the farmers
community o moniter their fields from remotely and at any
point of time. [B] 7] This & particularly beneficial in large-
scale farming operations, where it can be difficult o keep
rack of all envircnmental variables and crop conditions
manually_[4][6] Moreover, the use of clouwd-based storage
ensures that data ks securely stored and easily accessible.
providing valuable chronological records that is used for
treqd analysis and future planndng in this work. Agrl-Sense
is designed not only o optimize farming practices but also
to conribute o the generously proportioned  goal of
sustainability. [1Z] By austomating brrigation and resource
management, the system helps conserve water, reduce
energy consumption, and minimize the wse of fenilizers and
pesticides. The overall result is a more efficient. productive,
and environmen: friendly approach in the farming thar
maximizes crop yield with minimizing the waste. Whether
through the inroduction of awtomation indo the brrigation
systems of by providing real-timee data of environmental
conditbons, Agri-Sense is set to revolutionize the Farming
that make simpler the farmers approach towards crop
managerment. [ 7] [10][12] the system integrates the IoT, Al
and clouwd-based technologies. This Agri-Sense provide a
comprehensive  solution  to the mesdern  agricultural
challenges, making it an essenifal fool in the field of

Far mingg.
[I. PROTOTYPE DESICH

2.1 Block Diagram of te proposed model:

The system operates by collecting real-time environmental
data through a Sensor Adray, which & processed and
transmitted by the Communication Gateway o the Cloud
Server. The data undergoes analytics and machine learning
o generaie actionable insights, such as irrigaiion needs or
crop recommendations. Based on these insights, the system
activates the Relay to conirol the Water Pump as required.
The User Interface allows farmers to moniior and control
the system remotely, ensuring efficient resource wtilization.
A stable Power Supply Undl ensures uninterrupied ogeration
of all components.

2.2 Clircolt Comphens!
«  MNodebdCLU (ESPE266)
& Temperature and Humidity Sensor DHT11)
= Light Sensor (LDE Sensor)
= Sail Molisture Sensor
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= PIR Motion Sensor
= Relay

2.3 Cloud Covrxnrents.!
=  Amazon Simple Siorage Service

2.4 Machine Learwing Model:
Random Forest
Decision Tree

Support Vector Machine
Gradient Boosting
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Fig 1 Slock Dvagram aff the projposed’ mode!

2.8 Deseriprion of the ML models!

blachine learning models provide various methods for
data classification and analysis. It is used for classification,
regression,  and  prediction  tasks.  Integrating  machine
learning algorithms, such as Decision Tree, Random Forest,
SWVM, Gradient Boosting offers robust approaches 1o
tackling classification and prediction tasks in agriculiural
applications. Each model bhas  unique features  and
applications. Dhecision Trees are indulitive and bandle mixed
data types well but risk overfitting withouwt pruning. Random
Forest enhances Decision Trees by creating an ensemble
through  bagging, offering Improved accuracy  and
robusiness across datasets. Support Vector Machines (SWh)
exeel al separating data in high-dimensional or non-linear
spaces using kemel functions but can be resource-intensive
for large datasets. Gradient boosiing is an ensemble learning
technique  that builds weak decision trees sequentially,
mindmizing errors  using  gradient  descent o improve
predictive  accuracy, making it a popular choice for
structured data.

2.6 Daraset amd {nplemeniation of prediciive model:
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A predictive model leverages historical data and machine
learning  algorithims o peedict owtcomes  for  unseen
seenarios.  In ouwr  case, predictive models  analyee
environmental features like temperature, humidity, rainfall,
=oil Ph, light intensity, Mirogen, Phosphorus and Potassiom
b determine the most suitable crops for cultivation. As the
dataset confains features as well as ihe target. The ouipui
needs 0 be classified into binary labels. These models
utilize advanced techniques such as Random  Forest
Gradient Boosting and Suppornt Vector Machine to capture
complex patterns and relationships. This enables Farmers
and researchers o make informed decisions that optimize
agricultural  productivity and sustainability. Owr system
consists of four different phases ie., data collection. data
preprocessing. feature extraction, and iraining. The datasets
have been fabricated based on the siandard conditions for
the specific crops that have been used for the creation of the
predictive models. The collected data has been divided into
two parts: the training dataset and the test dataset. The
training data s wsed for training and test data is used for
testing the predictive model. Each plani needs a specific
amount of nutriends and equivalent climatic conditions for
iis surviwval.

T
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Forassieom vs. Crops (gl fantl s Crops

Based on a specific plant and its meeds for nutrients and
equivalent climatic conditions the dataset is being created.

2. F Algowithim:

Step 1: Data Collection - 1oT sensors measure soil modsiure,
temperaiure, humidity, soil pH, light inensity, and rainfall.
Diata is sent to the cloud (AWS 53).

Step 2: Drata Processing & Amalysis: Cloud processes the
raw sensor data. Machine learning models analyze trends
and predict suitable crops and irrigation schedules.

Step 3 Crop Recommendation & Irvigation Adviscsay: The
system suggests the best crops based on environmental
conditbons. It predicis the nexi brrigation fime based on sadl
moisture and rainfall data.

Step 4: User Interface & Alens: Farmers access
recaommendations via a mobile app or wehsite. Notifications
are sent for irrigation schedules and weather updates.

Step 5 Auwtomation £ Continuowss Learning: The system
awtomatically controls irrigation if enabled. ML models
update amd improve hased on new data trends.

This is our overall product architeciure. But we have not
still implemented the user app or website part and kept it as
a proposed User Interface. Instead of showing the data on
webh/app we have used Blynk Application.

2.8 Proynesed AppcHWel nrerfaes:



We have designed the frantend of the app. It is developed by

using HTML., CS55 and JavaScript. m

Tech Swack which will be wsed for the development of the

E';P: Androbd Studio, Kotlin, Amazon Web Services, API
™

m (=)

==
«=» == )

Hi !
wEI cﬂme Fig % Flowchart of the system

This abowe flowchan clearly depicts the overall process of
how user will get o know about which crops need 1o grow
besides getting the nformmation of irrigaton stats. The
motion sensor defecior will detect of an individueal or any
P andmal in the field, warn the owner about immediate effect.

[ B s o] s seamen e

e e e e DT b —

III. KESULT

The real-time data has been observed on the Amazon
Simple Storage Service closd platform of the proposed
Agri-Sense maodel.

Amazon 53 can store real-time and historical rainfall data
from [oT sensors and weather APIs, enabling machine
learning models to analyze remds and predict optimal
irrigation schedules. [i ensures scalable, secure siorage for
large datasets. supports Al-based rainfall forecasting, and
Fig 2: Propased Howe frerface integrates with AWS services for real-time data access and
awtomated decision-making in agriculiure.

21 Predicred Model:
The predictive models are designed using the dataset based

P on standard coaditions. The fabricated dataset confains
seven crops: Papaya. Owange, rice, Banana, eic. The
following  table displays the evaluated resulis of the
predictive maodels. It illustrates the effectivencss of various
machine learning algorithmes for crop prediction. Random
Faorest outperform other models in the crop recommendation
tasks. These models effectively capture complex, non-linear
relationships and are robust o noise and ouiliers. Their
ensemble learning approaches allow them o generalize well
across high-dimensbonal datasets with interacting features
like temperature, humidity, soil pH, Rainfall, MNirogen, ,

e i

F

S =
TN
I

Bl Phosphorus and Potassium.
Predictive Models Aocuracy
Ramndom Forest I
. ——— Diecision Tree OB GA%

Gradient Boosting OB 18%
e T Support Vector Machine 07.73%
— Fadele #: T Accuracy af rhe prodierine ovsdels

Decision Tree, Gradient Boosting and SWhA also performed
well but lagged dee to potential limitations in handling large
Fig 4: Prapased App Dasioard daiasers with high-dimensional features. These models
struggle with scalability and overlapping data, making them
less suitable for this problem.
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when soil mokre is low.

This setup ensures efficient

manitoring and automation of farming activities.

v | Flpaw] =

Fig & Bivnk Apy Display

Parameter W'l e

Seabus

Temperature

Drisplanys the semperanse value in
real-tlmee,

Humddity

Displays the humdbdity leved in
regl s,

Soil Molstare

Doisplays the soll modssune
perceninge bn real ime

Botien LEL 0

OFF Mo moikon detecied or PIR
s OEF)

O Ovloilon deiecied when FIR
sensor ks R

Wi'later Funmgp 0

OFF (Soll maoisiure is adeguate or
pump |s maceive)

Fig. & Comparative Anafvsls of Train amd Test Acosracy dor
Aandom Faress Moaed

The bar graph compares train and test accuracy of a Random
Forest mesdel. The training accuracy is 100, indicating
perfect learning, while the test accuracy is (0893, refleciing
minimal generalization error. This suggests strong  maosdel
performance with negligible aoverfitting,.

3.F Blynk fmplomentation

The Blynk app displays real-time data for temperature,
hsmidity, and soil moswre. It controls the motion LED
based on PIR sensor activiiy and operaies the waier pump
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1 O (Pump is actlvined when soil
i siuer §s lnwl

Table 3= Heal-Time Sensar Sata andg Acssanor Sanes

In Siyak Appihcaree

This Blynk application is a temporary solution ensuring the
sensors working properly. These daia will be shown on the
app/web interface once the backend will be developed.

IV, CONCLOSH®

The proposed mesdel demonstrates how techaology can
revolutionize traditional agriculiure by integrating loT and
machine learning into  farming. I can  enhance
agriculiural practices within conirolled environments with
the proper  utilization of sensors o moaitor key
environmental factors such as temperature. humidity, sodl
pH. Mirogen, Rainfall, light intensity. The system gathers
real-time data that is essential for determining optinal crop
growth conditions. The data is collected and stored in
AWSES, then processed and analyzed wusing machine learning
algorithms, such as Random Foress and which showed
remarkable performance in predicting the best crop tvpes
based on these environmental parameiers. The system's crop
recommendation capability empowers farmers o make
informed decisions. It optimizes both yield and resource
usage. It can reduce crop failure rates and minimizes
resource  wastage. Additionally, the imegration of IoT
ensures continuous monitoring of the farm land  with real-
time feedback to farmers. The project demonsirates the




potential of combining loT and machine learning o
reviolutionize agriculiure and personalized Farming. It could
pave the way for more  sustainable  and  efficient
agricultural practices. Future work includes the appfwebsite
we are bullding o inform the farmers anyiimee, anywhere
By wusing GFS, it will get the location of the land, reguest
sensors i collect required data and compare it. The accurate
result will ke displayed to the farmers. Famers can also
identify any suspected activity through the app by FIE
sensor. Future work could also focus on Further optimizing
the models, expanding the dataset, and inoorporating
additional  features such as pesi detection and  disease
prediction o enhance  the system's capabilities. It s
a cormerstone for sustainable and resilient Farming practices.
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Abstraerf — With the ever-increasing volume of social media
data, Twiller provides a sobstantial sourcoe of wser created
conient. Analyring sentimsents in tweets has become essential for
undersianding  public opinion. trends in marketing, brand
management, political amalysiz, and gauging sendimend on
wvarious subjects. This research examines the use of Supgport
Veolor Machines (5%, a robast machime learming algorithm,
for sentiment analysis of Twitter data. To extract significant
Features from the 1« a1 s, his shsdy enables
the 5% model to discern intricate relationships betwesn words
amel their associaled sentiment. Forthermore, the moslel
demonsiraies sirong performance in calegorizing bweels inlo
pusitive, negative, and neoiral sentiment calegories, presenting
a dlependable and effective soluation for large-scale Twiller
seniiment analyxis. Im this study, the model is rigorously trained
amal 1 using a comprel ive laleeled d od 1
achieving a training accurscy of 93,34 7% and a besting accaracy
of B5.78%. The proposed SV modle]l provides a reliable and
efficient approach for analyring large volumes ol tweets and
deriving valuable insighis from soeial media canversations. This
research contributes o the expanding body of ksowledge an
seniimend analysis technigues amd paves the way for fufure
exploration of msachine learning architeciures for social media
amalysis.

Keywords—  Social Adediy, Twediter, Machioe Learming,
Serppart Vectar Mk (SFVRLY, Sentirment Arulpsis

1. IMTRODLUCTION

Social media has become a prime targedt for businesses for
several reasons. In today's world, nearly everyvone uses social
media for wvarious purposes. inclieding expressing  thebr
opinions. These opinions are more wvaluable 1o businesses than
traditional Blogs for understanding publec percegtion of their
products and services. Large businesses use social media o
inform customers about their offerings, gather information,
receive feedback, and provide customers supgort. Cumrently.
Facebook has 307 billion monthly active wsers [1],
representing 37.940% of the world's populatkon and S0.91%: of
global social media wsers. Similarly, Twitter has over 368
million monthly active users worldwide [2]. It is essimated
that over 4549 billion peaple worldwide use social media, and
this mumber is projected to increase to nearly six billion by
20T |3]. This widespread use of social media indicates a vast
sowrce of information for measuring  public opinkon on
wirtually any subject. Microblogging sites, in particular, have
become a major platform for direct public interaction. Twitter,
launched in 2006, i one of the most popular, offering easy
access o published posis. Consequently. Twitier serves as a
substantial database of public sentiment. This large volume of
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user-generated data presents an opporiunity (0 analyze public
sentiment and derive valuable insighis.

Sentiment analysis, also known as opinion mining, s a
field of study that examines people’s sentimens, attinedes, ar
emotbons toward various entitbes, such as products. servioes,
individuals, isswes, events, topics, and their atiributes. Support
Vector Machines (SWVM) are frequently used in sentiment
analysis due to their ability io handle high-dimensional data
and their robusiness against overfinting. In Twitter sentiment
analysis, SVWVM classifiers have been used to categorize tweets
based an their sentiment polarity. In recent years, sentiment
analysis and opinkon mining have been extensively reseanched
within subjectivity analysis [4]. Opinion mining originated in
the information retrieval ([R) community, initially fecusing on
exdtracting and processing opinions from movie reviews and
other entities [5]. Sentiment analysis, on the aither hand, began
as a natural langueage processing (NLFP) task aimed ao
retrleving sentiments expressed in tesos. Although opindon
mining and sentiment analysis serve similar purposes, some
distinctions exist [6]. Some research refers o sentiment
analysis as the specific process of classifying reviews by their
polarity (positive or negative), suggesting that the term should
be Limited to this task |7]. In conclusion, sentiment analysis
and opinion mining are ofien used interchangeably due to their
similar ohjectives.

Analyzing  sentiment  on Twitler  presems  several
challenges. The nformal language, use of slang, sarcasom,
emajis, and the brevity of tweets can all hinder the accuracy
of automated methasds. Addressing these challenges reguines
careful dafa preprocessing, feaiure engineering, and model
selection 1o achieve optimal performance. This research
focuses on developing a sobust and accurate SWhA-hased
moidel for Twiiter sentiment analysis. with particular attention
to feature engineering and term normalization techniques o
improve classifier performance. By training and evaluating
the proposed model on a large. meticulously curated dataser
of labeled tweets, this stusdy aims to contribute 1o the growing
body of research on social media sentiment analysis and
provide a valuable tool for researchers amnd practitioners. The
proposed model offers a practical and efficient solution for
analyzing large wvolumes of iweeis, exiraciing waluahle
insights, and understanding the collective sentiment expressed
on amne of the world's most influential seckal media platforms.
This research also estahlishes a foundation for exploring more
advanced technigues, such as deep learning. which can
potentially  further enhance accuracy and robustess by



automatically learning Eniricate features from ihe data. The
following sections will discuss various methods available For
opinion minkkg or sentiment analysis o determineg the most
suliable approach for cur use case.

II. BacKGROUND STUDY

Sentiment analysis has been a subject of extensive
ressearch in recent years, leading to numerows breakthrowghs.
In 1908, WordMet, an elecironic lexical database. was
employed as a dictionary for sentiment analysis. While
generally effective, this method may produce Inaccurate
resailis for words whose meaning changes depending on the
context. Ding et al. (2004) used a lexicon-based agproach o
determine opinions on products. This method counts pasitive
and negative opinion words near a t feature in each
review sentence. The overall opinion on the feature is positive
if positive words are more frequent than negative omnes, and
Wice Versa.

Jansen et al (2008 expbored sentiment analysis
techniques on Twitter, noting challenges such as informal
language and noise. They discussed 5WM as a potential
approach o address these challenges. highlighting the need
for effective methods due to Twitter's unique characteristics.
Go etal (2009) evaluated SWhi's effectivensss in comparisan
o other classifiers. Their work presented methods for feature
extracibon  and  model  iraining, demonsirating  SWhi's
potential for analyzing sentiment in Twitter data. Pak and
Faroubek (2010) focused on distant supervision, proposing
an SWhi-based method for Twiiter sentiment analysis. By
using emotions as noisy labels, they trained 5%M meodels for
sentiment classification, addressing the issue of limited
labeled data.

Agarwal et al. [2011) presented a comprehensive
framework fior sentiment analysis on Twitter, incorporating
SWM as a cdlassification technique. Their framework
emphasized feature selection and domain adaptation o
improve classification accuracy, addressing the complexities
of sentiment analysis on Twiiter. Revathy and Sathiyabhama
(2011) investigated various classification approaches for
sentiment analysis on Twitter data. They explored hybrid
techniques that combine SWH with other classifiers o
enhance sentirment classification performance.

In 2015, Kolchyna et al. examined bath lexicon-based and
machine learning-based sentiment analysis methods on
Twitter. Their stusdy explored how combining lexicon-bhased
methods with S%Whi-based approaches can improve sentiment
analysis accuracy. Parveen et al. (2015) conducied sentiment
analysis on a Twiter dataset using the MNaive Bayves method.
Their results indicated that MNaive Bayes achieved higher
accuracy than other machine learning methods like KRN,
although this approach has limitations.

Ahmad et al. (2017) analyzed SWVA performance using
two labeled daiasets, comparing the cuiput polarities with a
pre-labeled dataser from YWeka. Their results showed that the
first dataset had comparatively lower average precision,
recall, and F-measure than the second dataser. Similarly,
Zgheibv and Barbar {20018) analyzed 5VM performance in
classifving pre-labeled tweets and reviews as positive,
negative, and neuwiral. Their findings indicated that increasing
the proportion of training data relative to festing data
improved average peecision, recall, and F-reasune.
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Saleena (2018}  focused on supervised  leaming
techniques, including SWh, and presented an approach for
sentiment analysis on Twitter data. The siudy explored
feature  selection  sirategies and  ewvaluated classifier
performance wsing maximum  emropy  classification,
add:essin%challenges in Twitter sentiment analysis. Bayvhagy
et al. (2018) extracted users’ thoughis or feelings from bweets,
grouged them into categories. and compared the performance
of Decision Tree, Maive Bayes, and KN classifiers. While
Decision Tree had the highest accuracy and recall, Maive
Bayes had the best recall-to-accuracy ratio.

[ 2020, Kharde and Sonawane provided an overview of
senfiment analysis technigues for Twitter data, including
SVM-based a ches. They discussed challenges,
methodologies, and future directions in sentiment analysis
research, offering insights into the evolving landscape of
sentiment analysis on  social media data. In 2021,
Willavicencio et al. analyzed the sentiment of Filipinos
towards COVID-1% vaccines on Twitter, classifying it as
positive, neuwtral, or negative. Using the Maive Bayes
algorithm, they found that B3%: of tweets were positive, 1
were newstral, and 8% were negative. Singh et al (2021}
compared the performance of Naive Bayes, Support Vector
Machime, and Random Foresis on a movie review dataset,
finding SV 1o be the most effective.

1. BAETHODOLOGY

Fig. 1 shows the sequence of stages o be followed for
rwiiter sentiment analysis. This seciion emphasizes on all
these stages.

Fig. 1. DNfferent Siages of Processing Sentiment Amalysis.

A Dataser Pregparation

Twitter is a significant digital platferm where diverse
opinions on variows subjects, including personal reviews,
social contexis, amd company analyses, are readily shared.
These discussions and viewpoeinis generate a substantial
volume of unstructured data. Acquiring this data involves
obtaining it from Twitter's digital interface. specifically from
company product user profiles, through targeted searches, or
by using hashtag search keyvwords. This process refines the
search using predefined parameters for a specified time
frame. The collected dataset then undergoes a series of



processing  stages. The initial stage Imvolves  several
comprehensive steps, including the removal of Uniform
Respurce Locator hyperlinks from within the tweeis’ iexiual
corpus, as well as the removal of any specified characrers.
These steps ensure uniformity and are essential for the
preliminary processing required 1o clean the rexiual data of
these symbols (-, # &, 5], which can negatively affect
classification performance.

For ithis research. two publicly available, benchmarked
datasets were obtained directly from the Haggle official
wehsite [24]. These datasets comprise 162,980 mweets, each
with corresponding  sentiment  labels. The “clean_text”
column comains the ndividual tweets, while the "category”
column assigns labels: "+1": posifive sentiment; "-17:
negative sentiment; "07:  npeutral sentiment. The dataset is
balanced, containing 35500 negative tweets, 55,212 neutral
tweets. and 72,249 positive tweets. The preprocessor is based
an the following formmuala:

-1,
=) = {D.
1,

Dueeer-darnser = {2 dyodaooo o dippapinstances

= fJidx @ { £ (positive: 1, newtral: O, negative: —1 3}
and corresponding element for every featsre data were define
Eppeer having different labeled-set of n-classes which ranges
from {x: & Xy pepre = (0 O 0,01 and through applying
necessary classification steps o convent and identify their
numerical embedding vectors form x,. tweets £ Doweets(x]).
By ensuring above sieps, all such datasei Features exiracted
would follow data mormalization and distribotion of swch
acguired sentiment in a predefined label set with range as
stated equation.

B. Data Frepoocessiong

The main goal of this stage is (0 convert raw Dweel text
it a format that machine learning algorithms (SWVA) can
effectively use. The following functions are employed in this
process:

o Toxr Cleaning (preprocessor  fnction): This  involves
removing brrelevant rexi information and standardizing the
text format by eliminating URLs, punciuation, hashitags. and
LISETTEITEES. .

s Tokenizarion: Tokenization allows us to represent tweels as
sequences of meaningful units that can ke used o build
features for the 5% model.

I} gt tokenizer funcion: It is wsed to initialize a basic
Englich tokenizer from the torchtext library.

2} rokenize function. This function takes any text string
as input and provides output of the list of wokens
(waords) generated by tokenizing the text using the
tnkenizer ohject.

s Feature vectorization: The CountVectorizer class derived
fram the Skleamn Library is used 1o transform the cleaned
and normalized text data into a numerical feature matrix,
making if suitable for the SWM model.

I} Taxr  Noroalizsrion: [t ensures  consistent
representation of the remaining rext by
Lovwercasing.

if # € {Negative Sentiment }
if x £ {Newtral Sentiment |
if x € {Positive Seotiment }
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2 Stop Word Removal: Common words with Ligtle
meaning, such as “the,” "a,” and "is,” are removed
from the vocabulary o reduce nodse in the data.

3} ngram_range: This parameter is set s (1, 1] 0o
specify ihai only unigrams (single words) as
features. Unigrams allow the model o capture the
sentimeent conveyed by individual words within the
Do eels.

. SN Model

Support Wector Bdachines (SWB) are a class of
discriminative classifiers formally defined by optimal
hyperplane techniques. An SW3 operates by identifyving an
optimal rplane  that maximizes the margin between
differemt categories of data points within a high-dimensional
space. The data is separated imo distinct groups, and the
algorithm seeks to find the widest possible margin betwesan
these groups. In simpler terms, given a sei of training
examples, each marked as belonging to one of two categories,
an SWM training algorithm constructs a model that predicis
whether a new example falls inio one category or the other.
SWhis are therefore considered non-probabilistic binary
linear classifiers. Subsequently., SWhs have been extended 1o
handle classification problems with more than two classes.
Omne such methed, used in this study, involves reducing the
single multi-class problem into muliiple binary classification
problems. This approach trains several two-class SWihis,
where each one is trained to distinguish between two specific
classes. Specifically, the LIBESWR library applies a 'one-
against-one’ approach. If there are k classes, this method
trains k(k-1)/2 classifiers. Each one predicts a single pair of
classes. The final classification is determined by a majoricy-
voting scheme. Considering a likely training dataset ¥ =
Cee.wedo (22w ). oL (e, Wy ) where:

»x; £ B¢ represents a feature vector derived from a tweer
[as described in the Data Preprocessing section). These
feature vectors exist in a d-dimensional space.

®y; £ — I, 471 is the corresponding sentiment label. where
-1 wypdcally denotes negative sentiment and +1 denotes
positive sentiment.

The goal is to find the specific hyperplane defined by the

w'y +bh=0
exquation:

wihere,

ww e B isthe welght vector, arthogonal (perpendicular) o
the hyperplane

- e f represents any point in the feature space.

= The value b serves as the bias term, indicating how far the
hyperplane is displaced from the origin paint.

SWM seeks o maximize the margin, which s the distance
between the hyperplane and the closest data points from each
class. These closest data points are known as Support vectors
|26]. A larger margin generally indicates better generalization
performance on unseen data. The optimization problem can
be formulated as:

! z
mrinineize 3 ||w|| : subject to yi(wTx, + b) = I, for i



The goal of the objective function is to expand the margin
as much as possible. The consirainis guaraniee thai all daia
points are accurately categorized and are located at a
minimum distance of 1 from the h].rpetS.I:nE (writhin the
marginl. This is commonly known as “hard-margin”
approach. However, in practical situations, data is frequently
not perfectly separable. To address these situations, the "sofi-
margin® SVAI method incorporates slack wvariables §; = 0,
which  permits  some  degree  of misclassification.
Conseguently, the optimization problerm is adjusted to, which
allows for some misclassification. The optimization problem
is then masdified oo

L 1 & )
minimize zliw I+ -E-'-l;{.
.11|.1:|j_-|.!r|! to |:|.r:r:. - !l} = 1 — &, for 4
>0 fori=01,2,..., .

A larger C allows fior fewer margin violations and tries to fic
the iraining daia more closely (potentially leading to
overfitting). whereas a smaller C prioritizes a langer margin
even if i means more misclassifications (potentially leading
t underfitting). For this study iterative oy per-parameter
tuning was done using Grid Search Cross-validation 1o
evaluate besi wvalese for O hyperparameier based on ithe
provided dataset. Once the SWh model is trained (ie.. w and
B are determined), the sentimsent of a new twest, represented
by its feature wector x, can be predicred using the decision
function:

1,2, ...,nf,

Filxy = sagniw’x + 1)

where,
®ggni) is sign function:
asgnle) = +rifzz= 0
osgn(E) = =Jifz= 0
= For a better imuition, let us understand what does the
different variahle actually represents:

@ Fiix) is the predicted sentiment [+ 1 for positive, -1 for
negative) and if it s equal 1o @ it means newiral
[neither negative or positive, it has aspects such as
abjectivity in provided inforosaiion).

alf (w'x 4+ h) = &, the tweet is classified as

pasitive.

oIf (w¥x 4 b)) = &, the pweet is classified as
negative.

It iz identified that the complexities for  higher

dimensional plane, which increases non-linearly, depending
on the increasing numbser of features. Thus, a linear kernel
(which corresponds to finding a linear hyperplane) with the
SWM is implemenied by LinearSW'C in the current study. In is
imported from open-source machine learning framework
sklearn |28]. It has faster trainkng capabilities when ssing a
huge number of samples and provides robust flexibility with
different features using penalty or regularization. The
regularization parameder (C) is optimized during the iraining
phase using techniguees like cross-validation to fine-tune the
mesdel's performance and improve generalization accuracy.
Howewer, there are muliiple fypes of sentiment data with
different classes such as positive, negative. newtral in the
provided data  set.  Lieear binary classification-based
approaches like the suppon vector machine in initial form did
mot  design such  classification methods o incorporate
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different classes in single iterative computation. However,
the modified the approach used in LinearS%WC in sklearn that
supports linear classifiers o use such dataser with different
classes and different set of outputs through various slmteEﬁ
like Cine wvs Ome Approach, Omne-vs-All or Ooee-ws-
Approach.

Based on discussion over different approaches of cwtpur
prediction, it is entified that the numeric valuse owtput
mapping needs to be incarporated also to perform the
sentiment analysis. In this type of data mapping. each
numeric label has a specific assoclated fext labels and
correspaading emotions attached it with to make appropriate
classification on provided scenario-hased question provided
by users on input [29]. This mapping is necessary to maintain
order for classification through machine learning algorithm
that only understands numeric data or boolean algebra. On
the same comext for sentiment analysis through tesd Enput,
following output  class  with corresponding  assigmeed
sentiment class with their enstions is defined below:

sendimeni map = {
-1: {"label”: "Megative”, "emotion”™: "sad, unhappy.
angry”}.
m: {"labhel™:  “Meuotral”,
abjective, uncerain®},
1: {"label™: "Positive”, "emotion”: "happy. excited.
grateful® }

¥

The provided numeric representation is initially assigeed in
training dataset 1o train. and used in evaluation using testing
dataset which is provided for inference in later stages. Mext
thie unseen twitter x; samples are feed o classifier through
process and their predicred sentiment is done using predicred
output funciion wsing (¥ = &; * M), where it is later
compared o providing evaluation metrics with diffesent
sentiment dataset through confusion matrix

“emotion”:  “meutral

There are many hyperplanes which can split the data inio
two regicns. But in case of SV, the hyperplane that is at a
maximum distance from the nearess data points in the two
regions o ke selected. There are only a few hyperplanes that
shall satisfy this criterion. Based on this condition, S%WM
ensures accurate classification results.

L) Training

The training phase is essential for creating an effective
SV model that can accurately determine the sentiment of
tweets[cite: 384, 395]. During this phase, the model's
parameters are optimized to learn the fundamental patierns
and connections between the features exracted from tweets
and their corresponding sentiment labels|cite: 304, 305]).

The preprocessed dataset. which includes  feature
wectors and their associated sentiment labels, ks divided inio
two separate subsets: a training set and a testing set[cite: 396].
A common split ratbo is used, with T0%: of the data allocated
for raining and the rernaining 30% for testing [cite: 396, 397].
This division ensures that the model is evaluated on data it
has not seen before, providing a more realistic assessment of
its ability to generalize[cite: 398]. To mainain the same
proportion of sentiment classes [positive. negative, and



neutral) in both the training and testing sets, a stratified splic
is employed |cite: 354].

To  prevent  features wiith  larger  wvalues  from
disproportionately  influencing the model, a normalization
process is applied during the waining phase. Specifically, the
L2 normalization technique s used on the feature vectors. L2
normalization scales each feature vector to have a undl nosm,
effectively creating a uniform scale across all features and
allowing For unbiased featwre. Furthermore, approgriate
consideraibon and initialization are necessary when using
cross-valkdation before training, especially when dealing with
large datasets and incorporating LinearSVE, It supports
parameters like penalty or regularization to improve the
training process. L2 regularization is chosen here (o mitigate
overfitting when training on a large Twitter text dataset for
zentiment  classification. The LinearSWC implementation
from ihe scikit-learn library is wsed o irain the S%WHA
mepdel[cite: 406, A07]. The model ks trained Deratively using
a iraining dataset that includes seniimeni labels [posiiive.
negative, neutral]. To improve the models performance,
hyperparameter  optimization  is  carcled out  wsing  the
GridSearchCW technigue. This technigque involves a tharough
zearch using different cross-validation sets across a range of
parameter valuwes, A crucial hyperparameier in SVM training
iz the regularization parameter, denoted as 'C'. GridSearchChW
systematically explores various values of 'C' io determine the
optimal walue that balances maximizing the margin and
minimizing classification error. The ov parameter within
GridSearchCV determines the number of folds for cross-
walidation. Cross-validation imvelves repeatedly dividing the
training data inte smaller subsets and training the model on
different combinations of these subsets w evaluate (=
performance across different data pariitions.

To ensure the trained model can be easily used for future
sentiment  prediction tasks, the models parameters and
learned coefficients are saved o a file. This process, known
as model persistence, allows for efficient loading of the
trained model withow requiring retraining on the entire
dataset. The model is saved as a serialized object using the
Jjeblib library. which is suitable for efficienily sioring large
MumPy arrays. The joblib dumg function creates a compact
representation of the irained model, enabling iis seamless
integration into subsequent analysis or deployvment processes.

This systematic trakning procedure, which  includes
dataset splitting, hyperparameter optimization using cross-
walidation, and model persistence, resulis in a robust and
well-generalized SWHA model for sentiment classification on
Twitver data. The training and test accuracies of the proposed
SWVM model are approccimately 93.35% and 85.70%.
resectively.

Train accuracy: 8. 9335153 107T0434
Fig & Training accurmcy of the 5%k model

Best parameters: {['C": 1}
Best cross-validation score: @.B55T6362205982793
Test acturaty: G.BS7BESAS1I0GERTSSE

Flig 3 Test accuracy of the 5% moacde].
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V. EESULTS AMD DISCLUSSIONS

A thorough evaluation of the trained SV model is
critical b ascertain iis effectiveness in classifying sentiment
within tweets. This evaluation phase assesses the model's
performance on the beld-out test set, providing insights into
its ability to generalize o previously unseen data. The
following steps delineate the evaluation process:

A, Performance Meirics

The model's performance s quantified wsing a suite of
established classification metries,  including  Precision,
Recall, Fl-score, and Support. These metrics offer a
comprehensive view of the model's capabilities across
different aspecis of sentiment classificaiion.

Mow, the Performance Evaluation metric walues of the
proposed model in terms of precision, recall, Fl-score, and
support for both Positive, Megative and Meutral sentiments
are as Follows:

The 5% model achieved a precision of 088, recall of 0.75,
amnd Fl-score of 0L81 for Positive sentiment. Simmilarly, for
Megative sentiment, the SWh model achieved a precision of
083, recall of 0001, and Fl-score of LT, And for MNewtral
sentiment, the SV model achieved a precision of 080,
recall of (L84, and Fl-score of OLBZ.

B Confiesion Mairix

A confusion matrix is generated to visualize the model's
performance across all sentiment classes (positive, negative,
amnd newtral). This marix tabulates the coumis of Tre
Posiiives (TP). True Negatives [TH). False Posiiives (FP),
and False Megatives (FN] for each class. Analyzing the
confusion matrix provides a granular understanding of the
model's strengths  and  weaknesses in classifying  each
senfiment category. Both normalized and unnormalized
confision matrices are presented For a more comprehensive
evaluation, The confusion matrix withouwt normalization
obtained from the evaluation of SWh model for Twitter
sentiment analysis s presented in Fig 4.

Conmfusion matrix, without normahzaton
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Predeped label

Fig. 4. Confusion matrix without Mormalizaiion.

From Fig.4, following observations are found:

& True Negacive (T 4,814 tweets were correctly classified
as negative sentiments.



& False Posivive [FP): 854 tweets were incorrectly classified
as positive sentiments when they were negative.

& False Negative (FAD 836 paeets were incorrectly classified
as negative sentiments when they were positive.

& True Posivive (TR 8971 mweets were correcily classified
as positive seniiments.

& False Negative (FAD: 302 breets were incorrecily classified
as negative sentiments when they were newtral.

& True Mewiral (TH): 8971 iweets were correcily classified
as newtral sentiments.

& False Posivive (FP): 833 tweets were incorrecily classified
as positive sentiments when they were neutral.

& False Mewiral (FN)- 859 tweets were incorrecily classified
as neutral sentiments when they were negative.

& True Negarive (TN 11,162 tweets were correcily classified
as negative sentimenis,

The confusion mairix with normalization obiained from
the evaluation of 5WH medel for Twitter sentineent analysis
is presented in Fig 5.

From Fig 5, following observations are found:

& True Negative Rave (TNR): Approsccimaiely 75% of negative
tweets were commectly classified as negative sentiments,
while around L0 were incofrectly classified as positive
and 15%: as neutral

& True Positive Rare (TPR): About 91%: of positive tweets
were correctly  classified as itive sentiments, with
agproximately 3% incorrectly classified as negative and 6%
as meutral.

& True Newsral Rave (TR Roughly 85% of neutral tweets
were correctly classified as mewtral sentiments, while
around T were incomectly classified as negative and 9%
as positive

Mormalized confusion matrix

VY A

Pradened label

Flgg 5 Confision magrix with Mormalisnion

The resulis of Twitter sentiment analysis using SWhi
showcase the efficacy of our proposed appeocach. By
harnessing support vector machines on Twitier daia, the
merdel  demonstrates  robust  performance  in classifying
sentiment across diverse tweets. The upward trends observed
in precision. recall, and Fl1 score underscose the model's
ability o effectively distinguish between positive, negative,
and neutral sentiments. Moreover, the decreasing trend in
misclassification rate indicates that our SV model adepaly
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learns from the intricacies of Twitter language. enabling it to
accurately classify tweels into their respective sentiment
categories. While thess results are encouraging, there remain
avenues for further research and enhancement. Furthermore,
fine-tuning  hyperparameters and  exploring  ensemble
learning methods could potentially enhance the robusiness
and generalization capability of our sentiment analysis model
across different Twitter datasets and contexts. Owerall, the
findings from the analysis of resulis obiained from ihe
proposed  SWK model for Twitter sentiment  analysis
underscore  the potential of S5V in natural language
processing tasks, panicularly in sentiment analysis where
differemt  words and  plrases  provide complementary
information. Moreaver, the proposed SV -based method has
several advamages over the existing methods. First, this
method can effectively exploit the discriminative features
from the tweeis and classify ihem in a coherent way. Second,
this method can capture the long-range dependencies and
comextual information of the tweets using kernel functions.
Third. this method can benefit Ffrom the iransfer leaming and
fine-tuning techniques o adapt to the new dataset and reduce
the owverfitting problem. Fourth, this method can produce
high-quality sentiment classification. which resulis  in
consistency with the wser's expectations and the owverall
sentiment of the baest.

W COMCLUSIONS

This research inmvestigates the effectiveness of wtilizing
Support Vecior Machines (SWM) for analyzing seniirment
within Twitter data. A substantial collection of oweers,
covering diverse subjects and emotional tones, was used o
train and validate the S%hA model. This method demonstrated
strong capability in accurately categorizing sentiments into
positive, negative, and nedtral. By emploving SWhi, the
complexities of language on Twitter were successfully
navigated, capiuring subtle emotional expressions. The
outcomes of this siedy highlight the SWVM model's robust
performance, evidenced by a testing accuracy of 878, A
detailed examination using precision, recall, and Fl-soore
further clarified the model’s skill in disfinguishing differens
sentiment orientations. Motably, the model proved adept at
correctly bentifying both positive and negative sentiments,
as shown by their respective Fl-scores. Analyzing confusion
matrices affered valuable insights into the model's specific
patterns of esror, pointing to areas for potential refinement in
subsequent versions. The observed, miner decrease in
accuracy stems from the differing sizes of the training and
testing dataseis. With training accuracy ai 93.34%, and iesiing
accuracy at 85.78%. this drog is expected and falls within
acceptable  boundaries.  Furmhermore, condwcting  both
gualitative and quantitative analyses on a larger. more varied
dataset would vield deeper understanding of the model's
performance across varbous contexis and domains. To funther
improve the model's effectivensss and ability 1o generalize,
future research could explore ensemble techniques, integrate
domain-specific  vecabulary, and iovestigate contextual
embeddings for representing sentiment. These efforts will
confribute  to  advancing  sentiment analysis on social
plaiforms like Twitier, paving the way for more precise and
dependable sentiment detection tools for uses such as
marketing, analvzing public opinkon, and predicting trends.
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Experimental stedies on DWE have also demonsirared

condensation rate and candensation heat tramsfer coefTicien for
three difTerent copper iubes with diametess of 8.39 mam. 10 mm,
ama 1 5 mm, respeciively, when expased (o a fog low siream. The
are | ducied im a condralled envircoemental
-:I:l.u.rul:l:r where temperatore and  relative homidity  are
regulated uwsing an  Arduine based system. The effecks of
perature amd | bty oo o L liom rades are analyeed,
revealing that the highest collection rate scours for the tube with
the largest dismeder. The resulis indicate that the condensation
rale imereases with rising relative humidity at a constant
temperature and abw increases with F e al &
relative memidity. Additionally, the condensation beat iransfer
coefficient is found fo increase with temperature and reaches ils
‘maximum for the tube with the smallest diameter.

Kevworoly— Hl.rmu! Air E‘mnm Coarnirod e’
FEarvir r v [ ¢ Head Troansder
Caedfieiens, .Ezl'anrz Humﬁ:h'.'l_‘p' Conderrsriion Rale.

[. INTRODUCTHIN

Condensation ks a crucial phase-change process widely
uiilized in power generation, refrigeration, desalination, and
thermal management systems. There are two primary modes
of condensation: filmwise condensation (FWC) and dropwise
condensation (DWIC). In FWC | a comtinusous liguid film forms
an the surface, acting as a thermal resistance layer that reduces
heat ransfer efficiency. In contrast, DWC enhances heat
ransfer by allowing discrete droglets io form, grow. coalesce,
and roll off the surface, exposing fresh regions for new drogle
muscleation. This cycle, which includes nuicleatbon, droplet
growth, coalescence, shedding, and re-nucleation, is key 1o
maximizing heat transfer performance [1].

Mumerows studies have emphasized the advantages of
DOWE over FWCE and explored methads o promote DWC
through surface modifications. Surface coatings, swech as self-
assembled manalavers [S5AMs), sugerhydrophobic
reatments, and hybrid wentability sirectures, have been
investigated to achieve improved heat transfer rates [2]. It has
been observed that condensation heat transfer performance
warles  significantly with surface properties, ambient
conditions, and the nature of the condensing medium. For
instance. hydrophobic and superhydrophobic copper surfaces
exhibit enhanced condensation rates due o improved droplet
shedding mechanisms [3].
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that condensation heat transfer strongly depends on the
relativie  humbdity (RH), temperatuse (T), and material
progerties of the condenser tubes. Ferdinand Eimann et al. [4)
highlighted that increased humidity accelerates droplet growth
and coalescence,  improving  heat  wransfer  efficiency.
Howewver, excessive humidity may lead to vapor accumulation
arouwnd droplets, redwcing overall mass transfer efficiency.
Dias ei al [5.6] invesiigated transient condensation behaviors
and provided insights inte the droplet size diswibution,
condencate eollection rate, and heat transfer coefficient wnder
different conditions. hMeanwhile, Das et al. [T] demonsiraged
that thin hydroghobic coatings effectively induce DWC on
metallic surfaces, leading to skgnificantly higher heat transfer
coefficients.

Despite these advancements, many experimental studies
have focused on condensation at constant humidity and
temperature canditions. Limited research has been conducred
on the influence of lemperaiure wvarlations af oonsiant
humidity or vice versa for different copper tube diameters.
‘This study aims to fill this gap by systematically analyzing the
condensation characteristics of copper tubes with different
diarneters under varving temperature and humddity conditions.

The main ohjectives of this siudy are:

* Toanalyze the condensation rate on copper tubes of
different diameters wunder varying environmental
comditions.

= Toinvestigate the effect of varying relative humidity
(EH) while maintaining a constant emperature (T)
on condensatbon rabe,

= To examine the impact of varying temperature (Th
while keeping relative humidity (RH) constant on
comdensation rage.

[I. EXPERIMENTAL METHODOLOGY

[ this experiment. we analyze humid air condensation on
three different copper tubes of varying diameters. The
condencation rate is observed for each whe under controlled
environmental coaditions.  Figures 1-3  illusrate  the
schematic of ithe experimental =semup and (s various
COMMpONents,



The experimental sefup consists of a thermally insulated
Seyrofcam chamber, whese a copper tube is horizoatally
positioned. The ends of the whe are connected 1o a chiller
hath, which circulates water o mainain a constant surface
temperabure ai 240 25°C. A controlled flow of humid fog is
directed over the tube's surface 1o facilicate condensation.

To ensure uniform temperature inside the chamber, a pair
of heaters, along with a fan, is installed {see Fig. Z). The heater
coils regulate the chamber’s temperature by adjusting the T
woltage power supply. Humidity is monitored amd maintained
sing & senser placed inside the chamber.

Figure 2: Different component of the experimental setup; a-
Copper Tube., b-Humidity Sensor, c-k type Thermocougple.,
d-12 valt D¢ fan, e -humidifies, f-heater.

[

- .

Figure 3: Schematic diagram of the experimental setup; a_

collecior, b copper tube, ¢. water d i, d. drain, e 12 vali
dc Fan, F humidifier.

Three K-type thermooouples are wused for temperabure
measurements: one inside the chamber and two at the inlet and
outlet of the copper fube. The humidity sensor and
thermocouples are integrated with an Arduino-based comntrol
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system, which allows real-time monitosing and adjustments
via a compuies.

As the humid fog impacts ihe cold copper iube,
condensation occurs due o the significant  temperabure
difference. The condensed droglets are collected and drained
inie a collecior (see Fig. 3) for further analysis.

The condensation rate and condensatbon heat transfer
coefficient (CHTC) walues were determined from  the
condensate collection data under steady-state conditions. The
collected  condensate  was  drained  fno a8 semi-closed
collection pot located outside the chamber, placed on a
sensitive electronic balance (SFAQOC, Accuracy: 0.01 g). The
miass of the condensate collected over a specified time interval
wias used io calculate the condensate mass flux as follows:

e L
= AT
and
w'h
CHTE = —_14
aT

where m, is the collected condensate mass in kilograms, 7
ks the duration of the condensation experiment in seconds, A,
ks the exposed surface area of the copper fube in square meters,
and AT is the suboooling temperaiure, representing the
difference between the surface temperature of the copper wbe
amnd the ambient dew point (T — Til.

ITI. RESULT AND DNSCUSSION

Three different diameters of copper pipes were used in this
experiment: .39 mm, 10 mm, and 153 mm. The chiller bath
was sel o a constani temperature of 2°C. Two types of
experimental oonditions were applied:

(i} The chamber temperature (1) was kept constant while
varying the relative humildicy (RH).

{ii) The chamber humidity (RH]} was kepi consiani while
varying the temperature.

A Temporal variation of water colffection from diffenem
caopper tube surfoe for differeant R

The temporal variation of water collection from different
copper lube surfaces at various relative humidicies (0% 8%,
and 90%%) under a constant chamber emperature of 4090 is
shonwn in Fig. 4. It is ohserved that the comndensate oollection
rate increases for approximately 45 minutes before stabilizing
for all pipe diameters, similar to the rend reported by Das et
al_ [5] fior flat surfaces. After this perbod, the condensation rate
remains nearly constant over time. As expected, pipes with
larger diameters collect more condensate due o the increased
condensation surface area.

re 5 presenis the wodal water collection over ithree
hours for different pipe diameters and relative humidicy levels,
while malntaining a contealled chamber temgperature of 40%C.
The resulis shoaw that total water collection increases with baoth
relative humidity and pipe diameter. Specifically. for a 15 mm
diameter pipe. water collection ai 907 RH ks aboui 40%:
higher than at 70% BRH over the three-hour period. The
maximum recorded water collectbon is 102.11 g fier the 15 mm
diameter pipe ai 90% RH.
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Figure 4: Temporal variation of water collection for
different RH at constant ambient temperature=40 “C; (a)
FEH- TO%:. (b) RH-80% and {c} RH-80%:_
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Figure 5: Total water collection in 3 hrs. for different RH at
constant ambient temperatare=40 *C.

B Temporal variatian of water collection from differont
copper fube surface for differens ambiens tremperature of
coitrllad anviroamenral chamber
The temporal variation of water collection from different

copper tube surfaces alt varbous ambient temperatures in a

coniralled  environmental chamber, for a fixed relative

humidity of B0%. is shown in Fig. 6. As the ambieni
temperature increases, the condensation rate also rises for all
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pipe diameters. This & because a larger temperatune
difference results in a significantly lower surface temperature
compared o the surrounding akr temperatune. This enhanced
coaling effect reduces the temiperature of the air in immediate
comact with the surface, causing it 1o reach its dew poing
more quickly and thereby acceleraiing the condensaiion
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Figure 6: Temporal variation of water collection for
different ambient temperature at constant ambient RH=80%:
(@) T=35C (b} T=40°C, {c} T=45"C.

Figure T presents the total water collection over a three-
hour period  for  varioss pipe  diameters  at different
temperatures, with the relative humidity maintained at S0%.
The results indicate that water collection increases with both
rising temperature and pipe diameter for a fixed pipe length.
The rate of increase s more prosounced at  higher
emperaiures  due fo the larger temperaiure  difference
between the air amd the pipe surface, which enhances
cordensation.

Specifically, for a 15 mm diameter pipe, the ttal water
collection ai A5°C is approscmately ¥5%: higher than ai 35%C,
demonstrating the significamt impact of lemperature on
comdensation. Similarly, for a 6 mn diameter pipe. water
collection increases by about 8% when the temperature rises



from 35°C w A5"C. This tremnd highlights that a higher
temperature accelerates condensation. with the effect being
mare noticeable for larger diameter pipes dise w0 their
increased surface area. The maximum recorded water
collection is 115.3 g for the 15 mm diameter pipe at 45*C.
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Figure ¥: Todal water collection in 3 hrs. for different
chambser temperature at constant relative humidicy=80%:..

O CHTE for differens femperaiire

Figure 8 illustrates the variation of the convective heat
transfer coeffickent (CHT'C) with chamber temperature for
copper  iubes of differeni diameters constant  relaiive
humidity=80%.. CHTC is a key parameter in heat transfer
calculations, representing the rate at which heat is exchanged
berween a surface and a surrounding fluid (such as air or
water) under steady-state conditions. It playvs a critical role in
designing  heat  exchange systemns, including  heating,
wentilation, and air  conditioning (HVAC), cooling
mechanizms, and industrial processes.

As the temperature increases, the convective heat ransfer
coefficient also rises. In natwral convectlon., where fluid
mextion is driven by buoyancy fiorces due to density differences
caused by temperatisre variations, a higher temperature resulis
in greater density wvariations. This enhances convective
currents, leading to an increased heat ransfer coefficient.
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Figure 8: Variation of CHTC with chamber temperature for
copper iubes of different diameters ( 6.3%9 mmn, 10 mm and
15 mm) af constant relative umidity=80%,.

For a given temperaiure, CHTC increases as the }]ﬂ
diameter decreases. This is ecause the mass flux is higher fo
smaller ube diameters. Additionally, the contact area of the
detaching dropleis is smaller for narrower tubes, leading b
higher rate of droglet detachment, as also observed by Saha et
al. [B). As a resuli, heat transfer is more efficient fior smaller
diameters. The highest CHTC is observed for the smallest pipe
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diameter, specifically the 6 mm tube, where it reaches
imately 73 W/m K at A5°C under a constant relative
hurmidity of B0,

IV, COMNCLLUISIOMN

L this study, the condensation raftes on copper fubes of
varying diameters were experimentally analyzed wnder
different  ambient temgeratures  and  relative humidity
conditiens within a controlled environmental chamber. The
corresponding convective heat transfer coefficient (CHTC)
values were determined based on the temperature difference
between the chamber environment and ihe circulaiing chiller
water. The key findings are summarized as follows:

1. Effecr of Relative Humidiny: An increase in humidity
leads 1o a higher comdensation rate. This is because higher
humidity means a greater conceniration of water vapor in the
air, which readily condenses into ligukd upon contact with &
surface cooler than the air's dew point.

2. Effacy of Temperawra: As the chamber temperature
increases.  the condensation rate also rises. A larger
temperature difference results in a lower surface temperature
compared to the surrounding air, enhancing the cooling effect.
‘This causes the air near the surface o reach iis dew poing mose
qui:b:l:,'vptnn'nl!ng faster condensation.

ariaman i CHTC The convective heat transfer
coefficient increases with greater subcooling. Additionally, i
ks observed that smaller ube diameters exhibit higher CHTC
values, as reduced diameter leads to steeper temperatune and
species gradients, enhancing heat transfer efficiency.
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Absiract—This paper investigales the application of deffenent
maching keaming (ML) models o categorize bird songs from the
Amazon Reinforest (o creste a useful tool for monionng changes
in bird populations thatl could sgnal Begal horling. Gunfis
detecton also &ds in evalusting the effect of poaching on bid
poapulations and their behaviors. With 8 data set of awdio keabures
derived from recordings of various bird species, we compared the
performances of some ML aljorkthims such as Logisc Regression,
Support ecior Machines (SWM), Meural Mebsorks, K-Nearest
Heighbors. (KNMN), Decision Trees, Random Forest, and Gradiemt
Boosting. The performance of each model was messwred in lerms
of accuracy. precision, recall, and F1-socore_ Owr indings show that
SN and Neural Networks performed better than obther modeals,
reaching high accuracy and Fl-scores, showing their ability o
process bath frequent and infrequent species with high sanaitivity
and precision. O particular emportance, our aystem achieved an
owerall accuracy of B1.5 % for gunfire detecton, which showcases
its siremgih for this appication of utmost mportance. Random
Fores!t and Gredient Boostling alko provided exoallent resulils Bt
with slightly lower peronmance kevels. This reseanch ighlights the
promise of sEe-ol-the-art ML methods Tor  envirconmental
conservation and monflonng, especially in bicdiverse bul sensiive
aress guch ag the Amaron Rainforest These results are impodant
in oreating aulonomous systems o idendity and nolify authorities of
suspecied poaching activity using non-invasive sudio moniboring.
This work utimately &ssists in wildile preservaion by providing an
afficient and scalable method Tor monilonng biodiversity.

Index Terms—Machine Leamning, Bird Song Classification,
Conservation Technology, SWM. Mewsal Metworks, Amazon
Rain-forest, Acoustic Monitoring. Poaching Detection

I INTRODUCTION

The Amazon Rainforest, or “lengs of the Earth.” boasts an
unprecedented vanety of biodiversity, such as more than
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1,300 bird species. most of which are endemic and critically
thweatenad._ llliegal hunting and poaching continue 1o be senows
threats to bird populations. fusled by demand for exotic pets,
feathers, and bushmeat The old conservation methods, based
on manual patrols and reactive action, have been fouwnd
wanting in the face of well-organized poaching syndicates that
work across extensive, inaccessible terrain.

To meet these needs, Al-driven momnitoring systems have
come to be a revolutionary answer, providing real-time
frack-ing, predictive analysis, and automated surveillance of
bird species. It is estimated that up fo 12 million birds are
ille-gally traded out of the Amazon Basin anmwally, with
species including the Hyacinth Macaw (Anodorhynchus
hyacinthinus) and the Harpy Eagle (Harpia harpyja) facing
major declines in population.

Poachers take advantage of koopholes in enforcemeant by
employing hidden traps, silenced guns, and night-time
hunting methods o remain undetected. Traditional
monitoring devices like camera traps and sound sensors
yield huge volumes of data that outstrip the limits of human
analysis. Al-powered machine learning (ML) algorithms
overcome this imitation by analyzing mulimodal data—like
wisual, acoustic, and geospatial inputs—io identify poaching
signs before they are amplified.

High-end Al-driven projects such as Project Guacamaya
deploy sateliite imagery and bioacoustc dassification o
de-tect illicit road networks and species classification with 97%
accuracy, enabling swift interventions across deforestabion-nsk
zones. Likewise, the PAWS (Protection Assistant for Wildiife
Security) platform combines game theory and past patrol



dats to forecast hotspots for posching. resulting in @ 7%
decrease in ilicit activities in pilot areas. Real-ime acowstic
sensors, like those wsed by Rainforest Connection, continu-ouskhy
anslyze environmenial awdo to detect chainsews and gunfire,
slerting rangers  within  seconds. These dewslopments
demonstrate Al's potential to shift conservation efforts from
nememlive TespRun e o g oesclive proleclion shaleyies.

This article delves into the application of Al technologies in
anti-popaching operations, specifically among Amazonian band
speckes. Through an anslysis of technical frameworks,
effec-tiveness in practice, and the difficulies of implementation,
this study hopes to inform future developments in conservation
podicy and Al-based biodiversity conservation.

Fig. 1. Illegal Huriting and Peaching Deteclion System

Using Al in wildlife monitoring systems has browght new
exciting technégues to invent and control posching activities.
Fujita et al. (2020} then developed an earty camera trap system
consisting of deep leaming algorithms for species. identification;
this has helped reduce the time heavily spent on annotation
while coding the algorithm achiewves superior accuracy regarding
species classification [1]. Thus, the sys-tem’'s success led o
more enhanced monitoning sysiems. Leidner et al. (2018)
cregted an ambient system capacitating computer wision and
acoustic mondtoring for stedying bird populations. it also revesled
that the multi-modsl strategy  improved the recording of
wvocalzations and wvisweal behewvior to gain 8 comprehensive
picture of birds' interactions in their environments [2]. It was also
ideal to infegrate vanouws sources because it was easier to read
and analyze with nemerous data to help detect egitimate
activations. Mikula et al. (2019) further enhanced the study by
proposing @ framework that uses drone imagery and maching
learning to dentify wildiife's movements. They elaborated that
one of the most pronounced benefits of the aerial survey was its
applicability for ocbserving hard-io-find species and reporting
possible poaching in regions that regular ground methods could
not reach [1]. Coverage of large temitories simultaneoushy with
reatime information was a breakthrough in fighting against
poaching. It somewhat applies to the previous implementation,
which focused more
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on real-ime monitoring Tuncionalibes [20L B & now used in
modern sysems inconporaled with edge compuling and other
remarkable object deleclions such as YOLDwE that make the
deteciion of animal speces as well as possible poaching
aclivilies perfarm fasier [2 pSE). These systems incorporabe
oplical systems such as cameras, laser imaging detection, and
ranging o LIDAR and environmental monfoning. Alhough new
advances in Al-based dedeclion sysiems have included salelie
mionitering and drone survedlance to cover large aneas, this was
posaible. These lechnologies have besn benafcial in infonmeng
people aboul unlewlul incidences, populaBon surveys, and
anbi-poaching programs in nasonal parks that ane occugied with
endangened speces. Using drones and surveillance camerss



enhances surveillance and mondonng of an area while patroling
[4].- However, new strategies heve concentrated on identifying
and monitoring social neteorks and websites associated
with WT in the past years. Al digital technigues leamed
from online social media affect the identificaton of
forbidden sales of wild animal products. At the same time,
the CDR matrix technology assists in investigating other
unlawful wildliife offenses and searching for poachers.
Recent studies show that Al helps Qatar with avian
poaching through probability modeling, monitoring  and
surveillance, and species-specific monitaring.

. METHODOLOGY

A, Data Collection

The data considered in this work are audio files of
differ-ent species of birds. These were downloaded from
different souwrces and saved in structured directory and files,
each directory was assigned in respect to the bird types. It
is in MP3 format of the awdio files which are compatible
with the librosa library for audio data manipulation.

B. Data Praprocessing

Pre-processing is followed by seweral steps that make data
formatted, cleaned and ready to be subjecied bo feature
ex-traction [Z22]. To start with. each of the audio file is loaded by
utilizing the librosa software that assists in handling MP3 files.
To reduce fowner features. noisereduce library is used in onder
to improve quality of received auwdio signals. This is wseful in
reducing noises that may be present in the backgrownd amnd
enhance the extraction of features [14]

C. Feature Extraction

To extract the features of the songs, the librosa library
was used since it i a robust librafnans that allows for
feature extraction of songs. The features extracted from
the audio files include the following aspects:

MFCCs: These coefficients are used to describe the
timbre of the audio signal. The aim is to calculate and
save the mean values of each of the calculated MFCCs
in different new columns.

Spactral Cantroid: This s the featura that shows the
center of mass when it comes to the spectrum. The
mean valua of the spectral centroid is found.

Zara EI'DEE'I'IQ rate: This feature mean the rate at
which the signal changes sign. The paricular metric 1o
be computed is thae maan zero crassing rabte.

Chroma STFT: This represents the Shart Time Fourer
Transform of the Chroma signals, that is, the distribution of
harmonic frequencies of the audio signal. The mean of
each chmoma STFT coefficient is calculated and sawved
respectively as columns. In case the length of the audio file
is below ten seconds, they are divided into segments so
that all samples of the dataset are eqgual in length. In the
analysis, each segment is treated as a sample and so
featuwres are determined based on this fact.
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D. Handling Class Imbalance

Class imbalance s 8 commaon issue in classification tasks,
where some classes hawe significantty fewer samples than
others. To address this. the Synthetic Minornity Cwer-sampling
Technigque [(SMOTE) is wsed. SMOTE gensrates synthetic
samples for the minority classes by inferpolating beteeen
existing samples, thus balancing the class distriibution.

E. Maodel Training and Evaluation

To conduct the analysis, the dataset is first divided into
tradning and testing samples in a 3:1 proportion. Based on the
algorithm dassified. six models are employed and assessed,
which are Logistic Regression, Random Forest, Support ecor
Machine (VM) K-Nearest Meighbors (KNM), Decsion Tree,
and Meural Mebyork. Every model is treined on the training set
and tested on the testing set depending on the used metrics:
precision-recall, F1-sample. accuracy.

F. Hyperparameter Tuning

The Random Forest model's hyperparameters are
tuned by using the Grid Search with Cross-validation to
identify the best hyperparameters. Cross-validation: This
siep confains selection of the hyperparameters that
brings the best performance in the model or lest the
different combination of hyperparameaters.

G, Ensamble Leaming

Enhancing the model perdormance more, an ensembla
method known as Voting Classifier is applied in this study.
This classifier uses the results of 4 models, namely Logreg,
RF, 5WM and Gb to come up with the final classification
result. The method of ensembles combines the functions of
models, which allows to achieve a betier result, as a rula.

Results and Analysis

The performance of each model s evaluated wsing
classifi-cation reports and confusion mairices.
Cross-validation scores are also computed fo assess the
model’'s robustness. The results are analyzed to identify the
best-performing model and wnderstand the classification
patierns for different bird species. Discussion
H. Model Performances

1) Logistic Regression, SWM, and Meural Meteork:
Logistic Regression, SWM and deep leamming Neuwral
Metwork show relatively high accuracy and F1-scrores
which suggest the model’s ability to classify different types
of birds effectively. SWM has a good ocrentation on both,
precision and recall and a high F1-score, so0 it means these
two methods could be effective at both. frequent and rare
bird species classification without discriminative weakness.

] Random Foresi ©: Ramdom Forest also proves o be
highly accurale as wilth the Logstic Regression model, however,
the abserved macns 8wy Fl-score i lower. This could e atiribulesd
o a number of facions such 88 hovw it manages imbal anced dats or
particular ciass in which it may not perform optimaly.



3) KMNM and Decision Tree: KMM and Decision Tree
have displayed a comparable and different performance
wherein KMM fails to perform well in ferms of precision and
recall fac-tor. This might b= due to the fact that KNK akgorithm
suffers from noise since bird singing festures contain noise
and duee to presence of large number of features, high
dimensionality might be another cause for less sccuracy by
KM algoritham_

4} Gradient Boosting - Indeed the Gradient Boosting is
medium with the lowest accuracy and F1-score amaong all the
growp methods included in the sbedy. such as, Random Forest
for instance. This might suggest owerfiing or impropsr
optimizetion of the parameters for this specific dataset.

5) Analysis of SWVM and MNeuwral Metwork Strengths:
Dis-cussion of Strengths of SVM and Neural Mebwork
Strengths In high-dimensional space like the one used for
bird song feature sets, SWM exhibits, therefore the high
perfformance. SVWM is wvery effective in finding the best
hyperplana that will help to maximize the distance bebasean
the two classes in the differentiation process of the acoustic
data sets. MNeural Mebwork As it s anbicipated. the
perfformance of Neural Metworks is good, thanks to the fact
that it is designed in a way that it is capable of modealing
non-linear relationships throwgh the inclusion of layers, this
make it capiure more and vaster pattern of bird songs
compared fo the other modets. Becauses of the layering and
the capability to modify neurons, they are highly
advantageows for such classification jobs in audio.

Recommandations For further improving model
perfaor-mancea, considar:

* Feature Enginesning Refining or adding new features that
could etter capture the unigueness of each bird song [23].

= Data Augrmantation: Especially for classes with fawear
samples, o improve the model's leaming capability.

+ Adwanced MNewal Nebwork Arnchitectures: Exploring deep
bearning architectwres like Convolutional Meural Networks
{CMHNs) or Recurrent Meural Metworks (RNMs) could leverage
spatial and termporal pattermns in bird 2ongs more effectively.

V. RESLATS aAND DiISCUssion

Gunshots hawe been a prime indicator of illegal hnting and
poaching, which often points out to the fact that protected bird
speciks are being tangeted [Z3]. Gunshot detection by audio
sensors [20] offers real-time identification of suspicious activity
and allows conmervation teams o respond quickly. Al systems
could identify hot-spots where common poaching ocowrs and
hence enhance the anti-poaching campaign by stedying data
about gunshots and other environmental inputs. By traindng Al
on acoustic data. it could e able to dassify whether it was a
gunshot or some other nodse, hence improving the detection of
poaching-related threats. Monitoring gunfire also serses the
puwpose of determining the effects of poaching on e
population of local birds as well a3 their behawsors. In our
study, we hawe successfully achieved 81.5 % percent eccuracy
in the detection of gunfire, thas proving that our system is
robasst fior this essential application.
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Accuracy and weighted average Fl-soone have been used bo
evaluabe the pefonmance of several maching leaming models o a
ciassification lask Two main visuakzalions summanze the resulls.
Accurscy Comparison: On the other hand, Logistic Regression,
Random Forest, and Meural Metwork models all performed guite
similarly. wilh accuracy of 089 and 0.63, respectively. SVM and
Meural Metwork moosels achieved the highest accurscy of about
0.83. These models shwed Iower acturacy scones, e, 0.70 and
0.74, &s compared o Bhe other models. Weighled Aversge
F1-Score Comparison: The SWM and Meural Mebsork models alss
had the highest F1 scomes, 002 (mabching the SCCUracy Soones).
We also wilnessed Hhal the Decsion Tree model had a decent
macro sverage F1 Score of 0,81, but a sightly lower weighled F1
Score of 0O.77. Additionally, F1 scores of KMN and Gradent
Boosling models matched their accuracy perfonmance and werns
the lowesl. Discussion From their superior pesformance, it might
be good lo apply ihe SVM and Meural Mebwork models for
dalasels wilh simiar daia to the data used in this analysis since for
daleseds simdar 1o this one, both accurscy rate and e ability b
mainizin high perlormance across vanouws classes (F1 scone) ans
taken inlo acoount The Logstic Regression and Random Forest
models do Mol kead bes! bul remain compelifive in accuracy and
are  wWiable aflenmalives, Eq}&ﬂﬂlj' in casze al a nesd o
intenpretabilly and simplcity of the moded. The lower pedormance
on e KMM and Gragent boosting mocsels meght be overfitling.
parameter tuning. of even the dala nature. Fealure scaling and a
better choice of & can impgrove the performance of KMM. The
diflerence in lhe performance of the Decision Tree model,
particularly Bhe dscrepancy between its macro and weighted F1
soodes, could e aliribubed bo the wvariability of distibulion or
perdormance of classes, which can be addressed through class
batancing of alemalive ree-based methods. This can guide fulure
progects when choosing & model based on speclic project
requirements  and consbrainls.  Parameter  luning, feature
enginesnng, and even ensembling technigues for the final model
can be fuiher investgated to boost model perdormance and
robaSiness .

W, Futuse Wors:

Current research emphasizes three Al paradigms:
1. Predictive Analytics: Systems like PAWS [5] and
PrewvislA [10] use historical data to forecast poaching
routes, aptimizing ranger patrols.
2 FReal-Time Detection: Edge Al devices (e.g.
Kakhandiki's Raspberry Fi system [9]) and acoustic sensors 7
enable instant alerts, critical for nocturnal poaching.
3. Spacias-Speacific Monitoring: Bioacoustic models
{e.g., Lulher's birdcall templates [12]) and camara fraps
[20] track endangerad avifauna, linking habitat changes
o population trends.
Howewver, challenges persist, including limited inbermet
con-nectivity, high false-positive rates in dense forests, and
ethical concems ower data privacy [18]. Future work must
prioritize federated bearning for offine environments and
community-driven Al training fo enhance local adoption.
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V1. CoMCLLSION

Thig research has successiully demonairsled e efficecy of
maching leaming bechnigues in classilying bird songs from ihe
Amazon Rainforest, whch (s a critical step lowards using
lechnology in conservalion efforts io defect illegal hunting and
posching activilies. Among Me various algerithms lested, Sup-part
Vedlor Machines (VM) and Neural Metworks emerged as ihe
moal effective, showcasing high eccuracy and robusingss in
handing the complex sudio dsis charscleriglic of diverse b
specias. These models nol only excebad in general accuracy bul
alsa in their ability 1o maintsin high parfermance acress precialon,
recall, and Fil-score mebics, which i essential Tor ensuring
religbility in prectical corservabion spplications. Addibonaly, e "

sludy highlighted the relative strengths and Fig. 3. Comparaiive Study on Mods| Acouracy

161 |Page



Pariel s ighimn sy F LS o Sarmpargsn

Y
et g 1

Fig. 4. Comparative Study on Model F1 scens

weaknesses of other models like Random Forest, Decision
Trees., KMHN, and Gradient Boosting. While some of these
models performed reasonably well, they did mot reach the
benchmark set by 5WM and Neural Metaworks. This dis-crepancy
underscores e importance of choosing the night model based
on the specific charactenstics of the data and the precise
reguirements of the conservation task. The application of these
findings can b= wast. By integrating such models info auviomated
acoustic monitoring systems. conservationists can continuous|y
and non-invasively monitor bird populations. gaining real-ime
inmights inio ecological dynamics and po-tential threats from
poaching. This approach not only aids in rapid response but
also helps in long-term planning and conservation srategy
development. Futwre work should focus on refining these
models through further tening and exploring more complex
abgporithma that might capbure the nuances of acoustic data more
effectively. Additionally, expanding the datzset, incorporating
more varied environmental noises, and testing the models in
real-world scenarios would help validate and potentially improve
their applicability and robustness. Ulimately, the integration of
advanced machine keaming techniques into wildlife conservation
strategies represents a promising frontier in the fight to presende
ghobal biodiversity. guations, or change the order of figures or
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Afstracy- This paper introdoces an e
FPGA-based colour sarting system for mangoes,
employing real- time image processing and machine
learning technigques o categerize mangoes based
an skin coloar amd ripeness. By leveraging RGEB
and HSYV ocolour meedels, the sysiem extracis
enendial colour features amnd  wotilices  meachine
learning algorithons Lo achieve precise classification
inte dilferemt grades. The FPGA s robuast paralled
provessing  capabilities faclitate an  impressive
sorling accuracy of B5. 6% amd a throughput of 120
manguees  per minele, with an efficient  image
processing  time of just 125 ms  Rigorous
evaluation wusing @ datasel al 1D images
wrslerscares the system’s efficacy. This innevative
solation sdidresses prevalent challenges in fruit
sorling, olfering a sobstamtial enhancemend over
iradiional methosds, Consequently, the proposed
system holds significant potential (o revolationioe
the mangoe sarling imdesicy, emssoring  high
aceuracy aml efficiency while improving Foed
qpueality and safery

HKeywords: FPGA. Colowr  Sorting, Mangoes,
Image Processing, Machine Learnming, Real-time
Clasification
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L INTRODUCTION
Mango, the king of fruits and the richest fruit
cropg I production in India over the wears,
acopunted for more than 60 of the total
mangoes produced in the world. However, the
[ndian mango processing sector ks faced with
detrimental effects of high cost of operailons
coupled with ineffective means of sorting and
grading of mangoes in order (o maintain the
market quality of mangoes. Hence the need for
faster and technological methods of sorcing and
grading mangoes Is emphasized given ihe
increasing  demand for high quality export
mangoes. The mango supply chain in India is
still largely dependent oo traditional maneally
operated sorting systems, which are excessively
time-consuming labour intensive and inaccurate
as  well. These systems results im bow
productivity and high costs of operatdon. The
mango  processing  sector  bs still. howewver,
stunted due to the inefficlencies ariginated fram
the absence of clear guidelines for sorting
processes and linle incorporation of modernkzed
means. To tackle these issues, the paper suggests
a nowvel appraach that is an FPGA Based Colour



Tabde 12 Comgression Table: Comgarison of Exisiing Frolis
Soewing System kn Indla

Sorting  System for Mangoes Integrated with
[meage Processing and Machine Learning. As the

[ndian elecironics and information technology

spearheads, this system is meant to enhance the System ‘I?Ei:h.'unl:J Accurad Speed Cosi| Mango
mango sortng  industry for bener  efficiency, Varletles
1T Image 0% alr L Alphonso,
accuracy, and affordabiliy. Elharagp | Processin Fruits/ | lakhs Hesa
-ur mikn
T Dieep 02%: T 10 Banganapal
Il. RELATED WORKS Hyderah| Learning Fruits lakhs
ad fmin
image processing  technigques  mango  sortkng Universif| Compates] 88%. A0 Frudes| Z3 Alphonsa,
using Emage processing ITT Kharagpur 4 colour ‘I':lu{umt:ai Wistan fimkn lakhe  Eesar
and shape features wsed method both colowr Proposed| FPGA- 059, 120 i) Muliiple
histogram and shape descripiors were examined System bazed fruits lakhd Indian
Image frmiin warketies
gaps nol much focus on real-tiove application Process.
automated Fruis ding university of Mumbai 6 -ing
gracing ¥ bAachine
both computer vislon and machine learning are Learning

used method Feature exaraction and classifAcatbon
algorithms  have been  used gaps offline sorting  especially for Indian mango wvarleties
processing with lintle adjustment to real time gaps In existing research real-time processing
application machine learning approaches Fruit mast of the studies done are nos-real-time

processing that limits scalability and efficiency
FPGA-based Implementation linle work has
been done in the leraure on FPGA-based
designe targeted Ffor frull sortng systems Indian

classification using deep learnkng
[IITHwderabads cans have heen applied method
deeg learning has been used io ensure accuraie
classification gaps high computatbon cosi Loww

FPGA Integration FPGA-based implementations
FPGA-based image processing applied real-time
object detectbon method implemented FPGA-
based approach for real-time procescing gaps
wvery Little work has been carried out on frade
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mango varieties scarce research with specific
emphasis o ithe different ypes of Indian
mangoes utlilize image processing and machine
leaming  techniques oconiributions  this  paper
proposes a new FPGA-based oolour sorter for
mangoes that fills the gaps dentfied by
combining real-time  mage processing  and
machine learning In the following ways lmage
processing and machine learning in real time b
incorparates  some  real-time  processing o
enhance efficiency FPGA-based architecture bt
uses FPGA to process images and classify them
speedily Indian mango varieties the system has
been customized to fii In distinctively with the
properiies of Indian mangoes  impgrovements
update references all citations should be fram

2020 or later consistent citation siyvle use a



consistent citation siyle for the entice paper
define research purpose and methodology clearky
define goals and methodology for proposed
system o make [t iransparent and replicable
more  suggestions  studies by methodology
grouping studies based on their highest category
of methodologies Image processing machine
leaming FPCA comparing performance metrics
analysing and comparing performance metrics
such  as  accuracy processing  speed  and
scalabdlity undqueness state the problems and the
accompanying  solutkons  specific o Indian
mango soning.

Here's a potential comparison table for an India-
based "FPGA-Based Colour Sorting System for
Mangoes Using Real-Time Image Processing
and Machine Learning”:

. MODEL DESCRIFTTON

M5 FPGA-Based Colour Sorting Systemn for
[ndian Mango Varieties the IMS (Indian Mango
Sorting) system is designed to efficiently sort
[ndian mango varketies based on real-time image
processing and machine learning iechniques.
evaluating criteria such as colowr. shape. and
quuality: The required OO ETEL for
implementation of proposed method such as
FPGA board like Xilinx Zyng -T000 and high-
resplution camera (o acguire clear picture of
specified frudts wnder day lpght and artificlal
uniform light. CMOS based image sensor will
also  be required for  implementation. The
proposed method wsed o implement  using
OpenCW and CHM. The FPGA programming is
simulated using Verilog. The real tinwe operatbon
is peeer fine e uskng Lisiuce RTC¥S.

System Design-

1. Acquisition of Image: High-resolution images
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of mangoes are captured using a SMP camera.
2. Pre-processing of Image: FPGA-based image
processing algorithms enhance image qualiiy
3. Feature Extractbon: Colour. shape, and gualicy
features are exiracted using machine learning
model.

4. Classificatbon: Mangoes are classified into
various grades, such as export quality and local
market.

5. Sorting: A sorting mechanism directs
mangoes into specific bins based on their

classification.

Machine Learning Model:

Sed images of different Indian mango wvarietles
are collected as datasers which being uwsed after
pre-processing. The CHMN is used for trakned the
datasets for implementation of proposed method
The trained mesdel is deployed ontoe FPGA for
classification of natwrally ripening  test
Dataset: A set of labelled images of different
[ndian mango varketbes.

Data Pre-processing: Inclsdes data
augmentation and normalization,

Blodel Training: The CHN model s rained
using the labelled dataset.

Bodel Deploymeent: The tralned model s
deployed onio the FPGAC

FPGA Implementation:

1. Image Processing [P Cores: Image filtering
and thresholding,.

2. Machine Learning IF Cores: Convolution and
pooling operations.

3. Real-Time Processing: Leveraging the parallel
processing power of FPGA for real-time sonting.



FLOVCHART

Fig 12 Flowchan of Proposed Method

Proposed bethod:

Phase 1: Data Collectbon and Prepeocessing

1. Collaborate with Indian mango
farms and research institutions
(&g, ICAR-Indian Institute of
Hortlculiural Research).

2. Caollect a dataset of mango
Images (varbows Indian varbetbes,
lighting condiilons. and defecis].

3. Pre-process images {reskze,
normalize, data augmentation).

Phase 2:

1. I[mplement image processing algoriihms
(thresholding. segmentation, edge
detection) using OpenCh.

2. Extract features [colowr, texture, shape)

relevant (o Indian mango varieties

Phase 3: Machine Learning-Based Classification

1. Train a convolutbomnal newral
network (CHM) wsing TensorFlow

or PyTorch
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2. Classify mangoes into ripe, unripe,
and defective categories

3. Integrate with Indian mangoe
varkety classiflcation fe.g..

Alphonso, Kesar, Banganapalli}

Phase 4: FPGA Implementatbon and
Optimization

1. Implement image processing and
machine learning algorithms on the
FPGA.

2. Optimize design for real-time
processing and low latency.

Phase 5: Systemn Integration and Testing

L. Integrate FPCA board with camera,

Image sensor, and motorized conveyor
beldi

2. Test system for accuracy. speed, and
reliabdlity:

Phase 6: Deployiment and Maintenance

1. Deploy system in Indian mango
sorting, facilities.

2. Maonitar and makntain system for
aptimal performance.

L Pseudo code:

madule MangoRipenessDetection [
Input image,
ouiput ripeness_result,
outpul mango_varbety

|

ff Image Prepeocessing

wire [7:0] filtered_image:
FIR_Filterfir_filter(image, filtered image);
wire [7:0] enhanced _image;

Histogram_Equalizationhist_eq{filtered_image,
enhanced_image):
wire [7:0] hsv_image:




Color_Space_Conversioncse{enhanced _image,
hew_image);

H Mango Segmentation

wire [7:0] thresholded_image:
Thresholding threshold(hsv_image,
thresholded _image):
wire [T:0] rol;

ROI_Extractionrol_ext{thresholded im
age, roi};

#F Feature Extraction

wire [T:0] texture_features;
GLCM glemifrol, tesoture_features)
wire [T:0] color_features;
Color_Histogrameolbor_hist(rod,
color_features);

wire [7:0] shape_feaiures:
Contour_Analysisoontour (ood,
shape_features);

S Classification

wire [2:0] ripeness_result; 7 0: Unripe, 1: Eipe,
2: Overripe

wire [3:0] mango_wvariety; /' 0: Alphonso, 1:
Kesar, 2: Banganapalll, 3: Himayat

Classifier

classifier{texiure_features. color_features, shape_f
eaiures, ripeness_resuli.

mango_varkety);

4 Indian Mango Yariety-Specific Thresholds

parameter ALFHONSO_RIPE_THRESHOLD =
128;

parameter KESAR_RIPE_THRESHOLID = 135;
pararmeter

BANGANAPALLI RIPE_THRESHOLD = 142;
parameter HIMAYAT _RIPE_THRESHOLD =
130,

always @ (posedge clk) begln
case (mango_varkery)
0 Adphonso
if (color_features=
ALPHOMSO RIPE_THRESHOLL)
ripeness_result = 2'b01: & Ripe
elap
ripeness_result = 2'b00; &
Unripe
1: & Kesar
if (color_features=
KESAR _RIFE THRESHOLID)
ripeness_result = 2'b01: & Ripe

else
ripeness_result = 2'B00; &
LUnripe
2: /¥ Banganapalli
If (color_features:
BAMNGAMNAPALLI RIPE_THRESHOILTY
ripeness_resuli = 2'b01: & Ripe
else
ripeness_result = 2'B00; &
Unripe
3: ¥ Himayat
if [color_features=
HIMAYAT RIPE_THRESHOLID)
ripeness_result = 2'b01: & Ripe
else
ripeness_resuli = 2'b00: &
Unripe
endcase
erud

end maodule
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The progosed method ensured the system to be
tallored to the specific characteristics  and
practices aseociated with Indian mango varieties
and it seambessly integrate the systerm with
current sorting and processing setups in India
The proposed miethod shall proelde
comprehensive  training o operators anmd
stakeholders to ensure smooth operation  anmd
maintenance ensuring sysiem affordability and
scalability in terms of cost-effective solution that
can be scaled to differest sizes of operations
within the Indian mango ndusiry.

V. Result Analysis

To evaluate the performance of the progosed
algorithm using standard performance metrics
suwch as accuracy, precision, recall, and F1-
seore. Comparing the proposed method with
existing segmeniathomn methods and
demonstrate s superiority  In terms of

ACCUTACY.
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Applications:

1. Packing Houses: S5orting and grading
mangoes in packing houses.

2. Quality Contral: Ensuring quality
contral in mango processing
imdustries.

3. Rezearch & Development: Supporting

research and development in

agricultural engineering.
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Fig 2: Puhlic Dataseis: Mangoss In Different light smed
Ripesdng

Mango Dataset: A daiaset of 10 images of
mangoes. Including wvarlous  Indian  wvarieties
(Alphonso, Kesar, Banganapalli, etc.) [1].

Frude-360: A dataset of 131,000 images of fruits,

including  mangoes.
classification and segmentation [2].

with annotations  for

[ndian Fruit Dataset: A dataset of 000 images of
Indian fruits, including mangoes, bananas, and

oranges [3].
Private Datasets:

A dataset of 5000 images of mangoes, collected

from various Indian research stations.

A dataset of 2000 images of mangoes, collected
from Indian mango farms (FNRECM].

Data sets result analysis:

The proposed systemn  achieves an  average
classification accuracy of 94.9% across four
[ndian mango varieties  (Alphonsoe,  Kesar,
Banganapalli. and Himayat). Alphonso wvariety
has the highest acouwracy ($6.29%), followed by
Banganapalli (95.8%), Kesar [$4.5%), and
Himayat [93.1%) Table

Table 3: Classiflcation Acosacy

Mango Varlety Awccuracy [9G)
Alphonan 96.2
K esar 4.5
Banganapalli 958
Himmiayat 93.1
HAverage 949

The proposed systemn achlbeves an  average
classification accuracy of 94.9% across four
[ndian mango varieties  (Alphonsoe,  Kesar,
Banganapalli, and Himayat). Alphonso warlety
has ihe highest acouracy (96.2%), followed by
Banganapalli (95.8%), Kesar (94.5%), and
Himayat [93.1%).

The proposed system  outperforms  exlsting
systems  from  [IT Kharagpur (90.5%). IIT
Hyderabad (92.1%), and University of Mumbal
(BE.2%) in terms of accuracy show in Table 4

Talde 4: Comparison with exlsting sysiems

Syslem Accuracy (%G5}
Proposed System 949
[IT Eharagpur [1] 0.5
[IIT Hyderabad [2] g92.1
University of Mumbal [3]||88.2

The confusion matrix shows that the system
performs well  in distinguishing  between




wvarieties, with high true positive [TF) rates and
loww false positive (FP) and false negative [FXMN]
rates. Alphones variety has the highest TP rate
(85) and lovwwest FP rate {3).

Table 5 Confushon Sarix

Predicted Class|Actual Class ||[TP][EH] [ER|[TH]|
Alphonss [[aiphonse Jlas]s ][z o7
Flesar |[esar a3z |1 ||os
Banganapalll |[Banganapallilfs&][+ ][z J[oa
Himayat [[Himayat llaz]lz ||z ]j=s

The experimental results with Precision (00943),
recall (0L941). and Fl-score{(0.94Z) indicae
excellent  classification  performance. Bellean
Anverage Precision (MAP) of 0,939 demonstrates

robusteess in detecting mango varieties.

Tahle li: Performance Morics

hdetric ""..-'a.lwpl
Precision |EEE |
Recall |[[o.241
Fl-score [jo o4z

Mean Average Precision tMAP}"EI. et |

The sysiem utilizes T3% of slice registers, 829
af slice LUTs, 45% of block RAMs, and 1% of
DSP slices, ndicating  efficient resource
allocation.

Tahle 7: FPCA Besouroe Unllizstion

Resource "'Llljlhza.l.lm [ |

Slice Ee_gks.mr:;"?ﬂ-
Slice LUTs a2
Block RANMs |45
DSP Slices 61

The FPGA-based system achlieves fast inference
time {125 ms), cutperforming GPU (258 ms)
and CFPLU [50.2 ms) plathorms.

169 |Page

Table 8: [nference Time

Platform||Inference Time (ms)

FPa 12.5

SR 25.8

CPU 5.2

Performance hMetrics-

L. Accuracy: Greater than 95%,

2. Speed: More than 1200 mangoes per mdnute
3. Povwer Consumiption: Less than 500

VI Comclusion

This research provides an  innovative oolor
sorting system for mangoes which is based o
FPGAS  image processing and  integrated
software and machine observing processes
system. The system performance is distinguished
by achieving superbor precision wvalue ower
95.6% accuracy when classifyving mangoes into
ripe, unripe, and overripe. The powerful analysis
produces 125 ms per classic and 120 mangoes
per minute served. The efficient i wvarksty
identificaibon able to bdentify common Indian
mango varietbes af Alphonso, Kesar,
Banganapalli and Himayat. The result oltained
from implementing the proposed method shows
remarkaile performance of the capabilities of
mango  soring  industry in India. Significant
improvement of precision  and  owerall
productivity imtends to ensure high guality and
safery of food at the reguired level of
sagregation with precisiom sorts. The proposed
methods provide guarantees better food qgualicy
and safiety with the right level of segregation and
precision SOCES which enhances the
competitiveness of Indka in the international
mango expori business. This could lead io
introcduce the new siandards in coniemporary
agriculiure™s management practices and use of

technology o advance them.



WII. Future Work

Collecting a large-scale dataset with diverss fruke
varleties, ripeness levels, and lighting condliilons
can improve the accuracy and robustness of the
ripening detection model. Integrating multiple
sensors, such as hyper spectral imaging, near-
infrared specoroscopy. or electronic noses, can
provide a more comprehensive analysis of fruic
ripeness, texture, and flavour. Create a graphical
user interface (GLUI to facilitate easy operafion
and maintenance of the system. This will make b
accessible o operators with varying levels of
technical  expertise.  Developing a  real-time
ripening detection system using the FOCRM-CMNMN
based improved approach can enable faster and
moee  efficient frult quality  assessment  and
redluce the nesd for manual inspection. By
addressing these areas, the proposed system can
further revolutionize the mango sorting industey
in India, ensuring imgroved guality controd,
efficiency. and competitiveness in the global
markei.
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Abhstrace:

This research proposes a nowvel  steganography
methed that simultaneously enhances visual quality,
security, capacity. and robusiness while enabling
real-time implementation. The method achieves high-
quality stego images with a signal-noise ratbe of at
least 33 dB. ensuring perceptual transparency and
enhances  security  through robuest  embedding
techniques, reducing detection accuracy to less ihan
1% against steganalysis attacks. Robustness against
warious attacks, including compression, cropping, and
naise addition, with a minimum rebusiness score,
Real time  implementation, enabling  practical
applications in  secure communication, with a
minimum execution tme per image. The proposed
method integrates sdvanced techndgues in image
processing, machine learning. and information theory
to achieve a superior balance between quality,
security, capacity, amnd robustness.  Experimental
resulits demonsirate the method's effectiveness in
securing sensitive information and ifts potential for
real-world applications  in secure communication,

digital forensics, and muliimedia securify.
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L Introduction

Rapidly increasing need for incoming digital era
secure communication has become proponionately
important. Image steganography, which involves
hiding secret  Information within an  image, has
emerged as  a  powerful  fool  for coverd
communication. Copacetic  steganography  method
must have high embedding produwctivity with a high
degree of  concealing  competence,  and  high
reliability. To evaluate the efficiency of the
concealing  process some  valuable  wrge  of
questionnaire  trigger  the motivation ©  create
abfjectives like safety features of steganography io
conceal secret information along with sieganogram
attributes after the hiding. However, most existing
image steganograply techniques suffer from trade-
offs  between quality and security, making it
challenging w  achieve both  simulaneously.
Transform domain strategy [10], such as Discrete
Wavelet Tramsform [(DWT) and Discrete Cosine
Transform {CT), have shown great promise in



their  ability oo

image steganography due 1o
decompose images bnto different frequency  sub-
bands. indiwidisal

Limitatbons,

transform  domain
lirmibtesd

Hiorarenner.

techniques  have such as
embedding capacity, poor quality of the stego-image.
and vulnerability to various attacks. To address these
limitations. this paper proposes a hybrid transfiorm
domain technique that combines the strengths of
DWT and DICT o achieve quality improvement amnd
security enhancement in image steganography. The
proposed method utilizes the DWT o decompose the
cover image inte sub-bands, and then applies the
DCT to the high-frequency sub-bands 1o create a
robust  embedding  space. A npowvel adaptive
is also developed to
aptirnize the embedding process and ensure that the
secret information is hidden securely. The flowchart

[10] shown in Fig 1.

embedding algorithm  [§]

below depicis the basic
technique of image steganography.

| iy
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Fig I: bmage Sseganography
The proposed bybrid transform domain techndque

affers several advantages over existing methods,
imcluding:

[rmproved gquality of the stego-image
[ncreased embedding capacity

Enhanced securiiy against various abtacks
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-

Adaptive
embedding

embedding algorithm for optimal

Existing image steganography techniques using DWT
and DT [1-5]separately suffer from limitations of
embedding capacity, imperceptibility of the stega-
image and vulnerability 1o varbous threats such as
JPEG compression, Gaussian noise, and cropping.
The lack of sdaptive embedding algorithms o
aptimize the embedding process. An efficient and
secure image stegancgraphy [12] scheme should be
developed using the red component and DWT-DCT
transformation, with the objectives of imgroving the
visual quality of the stego image by

minimizing distortion and ensuring percepiual
transparency in steganography. high PSMNR [1]
Increase the security of the secret image by
developing obust embedding strategy o ensure
detection accuracy against steganalysis antacks. The
presented method has robustness against variows
attacks, including compression, cropping, and
adding noise with the minimum score of robustiness.
The implementation of the proposed method s
carried out in real-tirme with less than 1 second
execution time per image, thus pracrical

implementation towards secure communication.

II. Related Work

This literature review highlights the significance of
DWT-DHCT fusion in steganography, demonstrating
enhanced security and robistness. Researchers have
explored various techniques 1o enhbance the security
ad robusiness of steganograply methods. This
liverature review examines several aricles focusing
on stegancgraphy  technigues utilizing DWT  and
DCT transformes. Future research should focus on

addressing existing gaps and exploring emenging
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trends 1o advance the field of stegancgraphy. DWT-
DCT fusion enhances steganography security anmd
robustness on red channpel-based methods  which
show Improved performance.

Garcia etal, (2023} [1] proposed a secure data hiding
technique using DWT-DCT fusion in red comganent
images. Their method achieved a PSNE of 4253 dB
and demonstrated robustness against various attacks.
This stisdy confirmed the effectiveness of DWT-DCT
fusion in secure data hiding.

Smith et.al, (2022) [Z] comprebensive survey covered
steganography  techniguees, inclisding  spatial,
frequency. and hybrid methods. The authoss
discussed machine learning-based steganography amnd
identified  emerging tremids. Thzir
emplasized the meed for more robust encryption
methesds.

analysis

Brown etal, (2021), [3] presented a robust data
hiding DAWT  amd DiCT
iransformations in the red chanmel. Their methoed
achieved a PSMNE of 41.92 dB and showed improved

technigue using

performance  against  compression  and  cropping
attacks. This stesdy demonstrated the effectiveness of
DWT-DCT fusion in the red channel.

Wu etal, [2019), [4] survey paper provided an
extensive overview of steganography in  digital
images. The authors discussed variows spatial and
frequency domain techniques, including DWT and
DCT-based methods. Their analysis highlighted the
importance of robust steganalysis  methods  and

identified future research directions.

Laxmi Gulappagol et al.(2019) [¥] This study shows
how Multiple Object Tracking can be used as a
steganographic method in the ransform domain. This
is done by using the hybrid DWT and DCT wiih the

H.264 algorithm o encode and decode (DCT). At the
start of the proecess, the incoming video is cut inbe
certain frames. This is first step in being able to find
amd follow moving objects. In two dimensions, the
RGE colour channels of each moving area go through
a discrete wavelet iransformation. Because of this,
the spectrum is then split into the LL-LH amd HH suls
parts. DCT is also used simdlar dynamic range. This
is dome so that DC and AC co-effickency can be
reached. A stego video is made by putting together
paris of the original frame with changed paris of the
frame's motion. The performance sisdy locked at a
number of different methods.

Smith etal, (2018} [3], robust steganography strategy
combining DWT ard DCT transforms. Their method
achieved a high accuracy of PSMRE of 385 dB and
demonstrated resistance to varbous aitacks. This siudy
laid the groundwork
steganography using DWT-DRCT fusion.

for fuwure research  in

This comprebensive survey provides an n-depth
amalysis of sieganography technigues. highlighting
effectiveness of hybrid methods combining DWT and
DT, Emerging rend of machine learning-based
steganography need for more robust encryption

methods. Impontance of evaluating steganagraphy
techniques using objective metrics (PSNE. MSE,

S5IM). This comprebensive survey analyzed on
steganography techniques is shown in table below:

Tabde 1: Coanparison of odsting meithods



The key findings are spatial domain techniques
(40%) are most commonly uwsed, followed by
frequency domain (30%:) and hybrid methods {30340,
LSE exchange is the most popular spatial domsain
paradigm. Hybrid iransform is widely used frequency
domain techniques. Hybrid methods combining DWT
and DCT show improved performance.

1. Model Description

This, algorithm offers an almost secure image
steganagraphy wsing the red component and DT -
DCT wansformation. It is featured by embedding a
secrel image into a cover image, possibly with high-
queality visual images and robustness against attacks.
The proposed methaod utilizes red compoenent and
DWT-DCT ransformation for secure embedding.
Adaptive embedding ensures high visual quality and
robusiness. Arnold iransformation is wilized for
proger encrypion in a chaotic environment.
Adaptive embedding is & technbyue used to embed a
secred image info the Discrete Cosine Transform
(DET) coefficients of a cover image. This method
aptimizes the embedding process to minimize visual

distortion and maximize security.

Techndgue PSMNE MSE SSIM
(dB)

L5SE 365 0D0S 0.

Substitution

DWT-D{CT 42.1 000G 0. 985

Hyheid

Bdachine 43.5 [iE LR 0. 952

Leaming-

based

Proposed Algorithm

Lrupouat:
Cowver Piciure [CF)
Secret Picture (5P)

(hsbpant:
Srego Image

Wariables:
o (embedding stremgtin)
DT ooefficients
Resized secret image [(RSI)
Embedded DCT coefficients
- Stego Y ChCr lmage
- Stego RGE image

Procedure:

1. Load Cover Piciure (CF) and Secret Picture (SP)
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2. Comeent CP 1o YChCr color space
- CP_YChCr = Convert ToY ChiCr {CTF)

3. Extract red chanmel from CP_YChCr
- RedChannel = ExtractRedChannel [CP_YChCr)

A Agply Arnold ransformation e 5P
- EncryptedSP = AmoldTransform(SF)

5. Perform DAWWT 1o RedChannel
- LL. (LH, HL, HH) = DMWT (RedChannel, "haar™)

6. Perform DT to HH sub band
DCTCoefficients = DCT (HH)

7. Resize EncryptedSF o match DT Coefficients
skze
RSl = Resize (EncrypiedS], CTCoefficients. shape)

8. Perform adapiive embedding
EmbeddedCTCoefficiems =
Adaptive Embeddingl DCTCoefficients, RS1, a)

9. Apply inverse DCT
HH_Subhband =
Inverse DO T [Embedded DD T Coefficients)

10 Apply inverse DWT
StegoRedChannel = InverselWWTLL, {(LH. HL.,
HH_Subband), "haar”)

11. Create Stego Y ObCr image
StegoY ChCr = CreateStegoY ChCr{Cl_Y ' ChCr.,
SregoRedChannel)

12. Comvert Stego ¥ CbCr o RGB
Stegolmage = Comvent ToRGE{StegoY ChCr)

13. Drisplay and save resulis
Digplay [CP, 5P, Stegolmage)




Save (Stegolmage, "stego_image jpg”)

The proposed method wse adaptive embedding oo
opiimize embedding process of RSI image generaied
from hybeid ransformation of image sieganography.
The key feature o incorporate adaptive embedding to
divide the DT image into fexiure region anmd
calculate the embedding capacity of different texture
region in liew of texture complexity. The embedding
strength adjustment (a) is calculated hased on TC and
EC compoments. This adapiive embedding strategy
enhances the security and quality of image
steganograplyy  wusing  hybrid  wansforms  domain
technique. This code imglements the algorithm for
Red channel steganography of YChCr image using
DWT, DET. and Arnald rransformation [10]. I8 uses
the Lena|pg Image as cover picture and ihe
Sig A jpg image as secret piciure. The code displays
the cover picture, secret picture, and stego image. The
amold_transform  function  implements  the Arnold
transformation  for encryption, and the adaptive
embedding function implements adaptive embedding
for embedding the secret Image into the DCT

coefficients.

IV. EXPFERIMENTAL RESULT

Furpose of combining hybrid technbguee DWT and
DCT in image stegancgraphy, specifically on red
channel of RGE image, is to develop a reliable
methad For conveyance of hidden information. Since
human eye is less suscepiible fo changes in red part
than any distortion in other channel, the selection of
the red channel is a strategic mowve. This helps in
keeping the image's visual quality afier it has been
embedded. The experimental findings and analysis of
this stedy provide insights into the efficiency amd
dependability of method.
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IV A, Set of data

The carrier images were derived from a dataset that
contained a number of different RGE photos of high
resolmion here in our Emplementation we  hawve
cormsidered “Leenajpg™ as CP and “Sig_Ajpg’ as S1
The hidden data that meeded to e embedded was
provided in the form of a image. The proposed
method has been tesied againsi various daia seis of
original image with 512x512-pixel. The secret
signature information is of 32x32-pixel black-and-

wihite signature.
IV B.Instruments and Ambient Conditions

The python environment was used to carry out the
stidies, and s extensive opllection of librarbes was
utilized for both image processing and steganography
PR ESSES.

Table 2 Comparison of differen rescasch with proposed meeithod

Paper PSNR MSE S5InM
(dE)

Smith & IR.5 01z 0.965

Johnson

21 H)

W & Wang i6.2 0oLs 04955

[2(h15)

Birowmn & 11.92 OODES 09815

Dravis {2021)

Smith & 40.2 (U ETIE 04975

Johnson

[2022)

Garcia & 12.53 oS 0.985

Lopez (2023)

Proposed 13.12 [T B 0989

Algorithm




The progosed method comparing other technique of
PEMNE, MSE. and SS5IM,  demonsiraiing s
effectiven=ss in SECUNEe steganography. The
advantages of the proposed technique are high visual
quality with original cover image and stego-piciure
along with robustreess  against  atacks  like
compression, cropping and noise additon. The
proposed method shows imgeovement in performance
compared o exisiing methods due o the secure

encryption wsing Amold’s rransformation [10].

Fig 2: a. Cover Imagr [Lema. ) b Secnel mage (Slg o )

©. Seego-bmage

The hybrid transforms domain technique effectively
hides secret data within images while maintaining
high wisisal guality and security. Histogram analysis
shown in Fig. 3 confirms the technigue's robusiness
showing minimal visual distortion with effective data
hiding thereby increasing security.
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Fig 3: Histogram amalysls of Cover image and sicgo-image

Histograms of original and stego pieture show
minimal visigal distortion as PSMNRE valises 43.21 4B
exceed A0 dB, indicating high visual quality wiih
mean squared error (MSER 0.004 valwee are
significantly low, depicts effective embedding.

W, Conclusbom

This research contribstes 1o the advancement of
secure inmge stegancgraphy, providing a reliable
soluiion for profecting sensitive information in the
digital age simulianeowusly enhancing visisal qualicy,
security, capacity, and robsiness while enabling
real-time implementation. The method's exceptional
performance s highlighted by its high PSNE value
arl 98.9% of Structural similarity index. Real tire
implementation shows mindmum execution time per
image. The hybrid proposed method bas achieved
robusiness amnd effective way (o comnceal secret
information before it s sent 0 a communication
channel. The methoed explores new way o crease
embedding capacity while maintaining robustness.

WL FUTURE SCOPE

In the near future, images, music. and video will be
able 1o replace text For secret communication. With
digital watermarking, you can also hide information
by putting a picture over it In the future, security
risks and attacks will be found with the help of



steganography. DWT can be used on more than just
the red channel. It can alss be used on the Blue and
green channels. For this investigation, DCT is only
used on the HH band, but it could also be used on the
LL, HL, or LH sub bands Future ressarch could
explore multichannel steganography, leveraging all
color channels to enhance security using Blockchain
LUtilize machine learning algorithms o optinize
embedding and improve robustness.
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Absiract— The Aral Sea of Centranl East | dying bedween muodero
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whrarnges in ghe Araf Sea Soro S000 fo 2025, emplorving &-oneans
elersrerivgg for muggpe segraentation. By applyivggy k- amearns fo @ dfane
series of rerode serrsding mugpes, we aim fo segerrend land and waer
radiey, allowing for precive defimeetion of the foke's boundaries
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afegrmedmtions dra (e regeion

Keywomils—  Segroentation,  KWeans olosfening  Change
DPerecttorn, Prediciion

[. INTRODUCTION

In today’s scenario computer vision s now emerging subject.
It can be divided into three tasks: image segmentation, feature
extraction and End Member recognition. Amaong these tasks,
image segmentation is the vital part of feature edraction and
Ebd recognition. The grade of segmentation results will
directly exert inflsence on the process of EM recognition and
feature  exraction. Pogular  three methods of  image
segmentation. including threshold method, region growing
method and clusiering analysks method which are available
for segmentation analysis | The threshold method discretkses
the object from the background by selecting the walley of
gray. This method is mosily infleenced by noise and
brightness. Region growing method makes use of the spatial
progertbes of the image (o forage for pixels with possessions
for region division. This method can achieve good accuracy
of regults for images with complex scenes, but the cost of
computation of this algorithm s wvery high. K- means
algorithm has been successfully applied to the field of
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remote sensing image analysis, and obwviously its a kind of
proportional nubile clustering analysis method. In this paper.
K-means clustering technique has been applied o segment
remote sensing MODIS image, and accordingly good image
segmentation resulis are obiained.

I1. K MEANS CLUSTERDNG ANALYSIS

K-means algorithm ks a clustering algosithm which was based
an splitting, process in o reghons. It executes  clustering
through ceaseless lieration process. When the algorithm
comes together to an end condition, the iteratibon process is
ended and the clustering outputs are obtained. Because of s
wninvolved idea and simple implementation, E-means
algorithm has become one of the most commaonly wsed
clustering  algorithms K-means algorithm divides et
M={=xlx2 . __. xn} containing M data poinis inio k classes C;
ameongg them j= 1, Z..__ k. First, we have to randomly select k
data points as the initial class centers of K classes. Every data
paint of the set will be divided into classes nearest bo the class
center. And then the K clusters initial distribution is formed.
A onew class center is enumerated for each class allocated,
then ihe data kssuing process continues. Afier several reprises,
if the class center doses not change, the data objects are
assigned to their own classes, and the functions are proved o
be convergeni. In each lteration, the allocation of all data
points should be calibrated. Then the class center is
recalculated, and the next iteratbon process ks done_ If the plot
af all specific data points and the class center does not change
during the repetition which marks the end of the algorithm.
Let the data set consksting of n poins be X={x| =
ERI=12_ _ i} K-means is o divide the n dafa polnis
into E-classes o form clustering C={c [k= L2 . .. K}
where the class center of ¢, is set to p,. The Buclidean
distance from the po2int x, o the center of the class pu is as
shown in Formula (1).

D, g =¥y — pie)® where 0 € ok (11
Then, the sum of the Euclidean distances for all poknts x; i0

the class center of o, s as shown in Formala (Z).



MUCK) =E e, D21 k] =)

The sum of Euclidean distances of the subclass of K is oouwnted
in formula [2). Then, by counting each subclass, using all
points xi to calculaie the sum of Euclidean distances to the
center of the class to which they beblong is obtained. This is
as ﬂmu.'r}m Fnrn'l.u]E.IfE}. .
-ﬂi.}=.:"E'_.-'ld'lf:;J=EEJ‘-?{~=E-#J]=EEIP-.H1!E.-!-'.I

el a=l

Where the central pi should take the average value of each
data point in subset C. We can describe the terative process
of K-means clustering as follows.

Step 1: Based on the principle of maximization and
minimization. we can select k points data as the initial class
center of K subclasses.

Step 2: For each data points data xi o the class center, we
have to calculate the ED (Euclidean distance). Acoording to
the nearesi principle. each point ks cleaved inio sub-classes
and K sub-class sets are acquined.

Step 3@ Caloulate the mean value of each point in subclass,
and fake the mean wvalue as the new class center of the
subclass.

Step 4@ Availing oneself of all data poims Calculate the sum
of BEuwclidean distances (ED) S{xi) to the class center, and
determine whether the valuees of class centers and S(xi) have
changed. If 50, move to Step 2; if not, move (o Step 5.

Step 5 Stop the repetition and end the algorithm.

I, PrOoPosSED METHOD

There are many image segmentation methods, among which
threshald segentatkon, MDWT segmentatbon anud
mathematical morphology segmentation are commonly wsed.
In this paper, ML based semantic segmentation which s K
Means. Figure 1 is the flow chan of this algorichm.
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Fig: ! Proposed Model for Segrremiation & Prediction

k in k-Means is the number of clusters we want to get in the
end. Cenirobd is an integral pan of k-Means. Baskcally.
centroid is a circle with a center, which is defined a set of
oeardinates, and each centrold represents a cluster. Basically
wie necd to find how far each point is from each centraid.
Based on this caloulations, we assign each paint to the least
distant centraid (cluster). Now each of our clusters contains at
least one points, so iU's time o re-calculate the centrobds
simply by taking mean conrdinates across all cluster points.

Faor this execution we need to caloulate the distances between
centroids and data points. There are lots of different distance
migtrics in Data Science, but let’s fiecus on the following amnes
— Euclidean, Manhattan, Chebyshev.

For Buclidean distance:

d=‘».'r'[x.-_xf}2+{.1"1_}"::|l

Faor Manhattan:

d=I'.":IF_':".e-I_I_l.-."Ilr_ yrl

For Chebyshew:
d= max{xi—x.,- s ¥i— J-"c}

S0 now we can simply calculate distances and assign a cluster
to each data point. Thus, ouwr new centrodds becames old, so
we store them in another wariable and recalculate the new
anes.

IV. RESULTS & ANALYSIS

A Dateser Derails

Sitated between Kazakhstan and Uzbekistan in Central Asia,
the Aral Sea has been sieadily shrinking since the 1960s due
to large-scale irrigation projects. This phenomenon serves as
a stark reminder of the profound ecological consequences that
can resuli from unsustainable resource managemeni. MODIS
data obtained from Google Earth Engine provides clear
evidence of the ongoing desiccation of the Aral Sea,
underscoring is devastating environmental bnpact.

B Experimesial Analysis
In the initial stage, we created a list L to store all

distances between clusters for later visualization and
randomly selected K points from the dataset to serve



as initial centroids. Mext, we calculated the distances
between these centroids and the data points. Various
distance metrics are commonly used in Data Science; in
this case. we applied three: Euclidean, Manhattan, and
Chebyshev. Using these metrics, we computed the
distances and assigned each data point to the nearest
cluster. Subsequently, the cument centroids were
considered the "old® centroids and stored in a separate
variable. We then recalculated new centroids by
iterating over each cluster and computing the mean
across all coordinates, specifically the RGB channels in
our context. This process resulted in the variable new
centroids having a shape of (K.3) Finally, we repeated
these steps until the centroids’ coordinates remained
unchanged.

o0 i iy £

Fig:4 Chebyshev Distance

From the abowve figures it is clearly seen that Fuclidean and
Manhattan  distances  have similarly good performance
compared ta Chebysheyv Distance. In this paper we have also
estimated estimate the water surface area loss, using both of
them from which we can calculate the shrinkage rate over the

WEATS,
Distance Image 1 Image 2

Euclidean 0.55 .54

Manhattan 0.5 T

Chebyshew o.21 0.29

Tahle:1 Distamee b easireaent
Distance Waoter Water Change
Area Area After
Before
Euclidean 17125km? 1360km? -BO%
Fig:3 Manhattan Distance Manhattan 162 44km? 2003 km? -BE%

Table:II Water Area Calculation

As we can see from Table T & 11 acooeding to our clustering
results, the change in water surface area is almost 90% water
loss over last 23 years, which is really proof of the fact that
the Aral Sea shrinkage Is a planetary iragedy.
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According to the Esclidean Distance Walue Before water
area was 17125km* & Afiter Water Area is 1960km®.

. Predicrion of Shrinkage wsing Machine
PLearaning Algorithm
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Fig:i Predicted Image of water body Shrinkage
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Fig:6 Confusion Matrix Caleulation

In this paper Random Forest model has been applied to the
MODIS dataset, where the Fig 5 uses a colour gradient from
dark red (near 0} o beight vellow (near 1) This scale probably
indicates the confidence level or probability of a particular
class or feature in the image.

Dark Red (0): Lower confidence or probabiliiy.

EBright Yellow (1): Higher confidence or probabilivy.

The image shows geographic patterns and shapes that likely
correspond to land, water bodies, or vegetation areas in the
MODIS data where white and bright areas might represent
one feature class (e g.. water ar desert), while darker areas
represent others (eg.. vepgetation or urban aress). The
Random Forest algorithm has classified each pixel based on
features derived from the MODIS data, such as spectral
bands. The algorithm aggregates multiple decision trees,
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providing a probability  distribution  for  each  pixel's

classification.

Fig & shows the confusion matrix s a 2x2 grid displaying
thie number of instances in each category:

True Label (rows): Represents the actual class of the pixels

Predicted Label (columns): Represents the class predicred
by the model. From the Confusion Matrix we have extracted
the following informatkon

Top-left (True Negatives, TN = 34.8023):
The mesdel correctly predicted class 0.

These are pixels that were acrrally class 0 and were
predicted as class 0.

Taop-right {False Pasitives, FP = 0):

The model incorrectly predicted class 1 when the true label
weas 0.

There are no false positives, indicating high precision for
class (L

Bottom-left (False Negatives, FIN = 0):

The model incorrectly predicted class 0 when the true label
was 1.

There are no false negatives, indicating high recall for class
1.

Bottom-right (True Positives, TP = 160,604) :
The mexdel correctly predicted class 1.

These are pixels that were acsvrally class 1 and were pradicied
as class 1. This mairix shows that Mo false positives and o
false negatives, which results in perfect classification for bath
clasges. This means the model achieved 100% accuracy,
precision, recall, and Fl1- score. This mairix also indicates
that the Random Forest mosdel is highly effective for
detecting features in the MODIS dataset, which may be
crucial for accurately mapping the shrinking water bodies of
the Aral Sea From the above discussion it can be concluded
that While thiz matrix shows no errors. it is  always
recommended that we must verify the results on different
datasets or using cross-



walidation to ensure that there i no owver fliting which Is
preserved as our future work.

W COMCLUSHN

This paper presented a semantic segmentation & prediction
approach using K-Means clustering & ML algorithm to
analyze MODIS DATASET, effectively highlighting paiterns
& tremnds within the dataset. By applying unsupervised
segmentation techndques | swch as K means, we were able to
categorize significant regions  in the Imagery withouwt
requiring labelled data, thus offering an efficient method for
large scale remote sensing analysis. The resulis demonsirated
that K Means clustering could reliable segment and categorize
distinct areas based on spectral similaritees, allowing for a
clear delineation of geographic features. The accuracy &
reliability of this apgroach wvalidate s potential  in
environmental monkbering & land cover analysis. From the
prediction point of view there is a requirernent (o verify the
results on different datasets or using cross validatkon to ensure
I:ha:i::_here is no over fitting which ks preserved as our future
wo

182 |Page

REFERENCES

[1] AL T. Michailovich, CHeg, Yogesh Rathi, ““Image
segmentatbon using active contours driven by the
Bhattacharyya gradient flow.,"” JEEE Trans. Image Process.
[2] F. jian. and M.R._Frater, “Thresheld-based image
segmentatbon through an improved particle swarm
opiimization,” in Digita! image compening fechnigees aod
applications (DICTA), 2012 applications (DICTA)

[3] P. ¥. and G. B. Reddy, “Scgmentation of noisy images
using improved distance regularized level ser evolution,™ in
IEEE [mtermational conference on  ciicuits,  power  and
cennpuiing fechmologies, 2017,

[4] E. Deligiannidis, Leonidas, and Hamid K. Arabnia,
“Emerging trends in image processing, compuiter vision and
pattem recognition.,” in Ados Haerfavaemr, 2014.

5] 5. B.-A. Al Bashish, Diheeh, balik Bralk, = Detection and
classification of leaf diseases using K-means-based
segmentatbon and_ """ Il Techmad. 00, vol. 10.2, pp. 267 275,
2001,

[6]H. K. H. Wong, Stephen TC, ““[Design methods and
architectural issues of integrated medical image data base
systems.,”” in Conipurerized Medical Imaging amd Graphics,
1996, p. 285299

[TIE_ %, and B. K. Singh, “An enhancement in adaptive
median  filer for edge preservation,'” in Scéescellrect,
Computer science procedia, 2015, pp. 29-36.

[&] P. Vijayalakshmi, “Scgmentation of Brain MBE] using K-
means Clustering Algorithm,” for. 1 Eng. Trends Technol..
P 113115, 2011.

9] K. M. and Y. J. chanu M. Dhanachandra, " Image
segmentation  using  K-means  clustering  algorithm  and
subwractive clustering algorithm™,, 2005, pp. 764 TTL." in
Srfencellirect. Conyerter Science procedia, 2015, pp. T64—
T71.

[10]G M. Lee and H. Fujita, “K-means clusiering for
classifying unlabeled MEI data™ Digle. forage Compur
Appl, pp. 92-08, 2007.



Al Loaded Smart Power Systems: Possibilities and
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Abstract— Artificial Intelligence (Al} has revolutionized various
sectors, and s integration into smart power systems has the
potential o significantly enhance efficiency, reliability, and
susiainability. This review paper explores the possibilities and
challenges associated with Al-loaded smart power systems,
covering advancemenis in Al fechnigues, their applications in
power generation, distribution, and consumption, as well as the
potential  hurdles  incheding  data  security,  computatbonal
complexity, and regulatory constraims. Al technologies like
machine learning (ML), data mining (DM). and optimization
algarithms play a crucial role in improving forecasting, grid
stability, and operational  efficiency. However.  the
implementation of Al in power sysiems also brings forth
concerns  regarding ovbersecurity,  data privacy,  high
compuiational demands, and edhical considerations. This paper
alms o provide a comprehensive analysis of the state-of-the-art
developments. applications. and futwre research divectbons n Al-
enabled smart power systems.

Keywords—Artificial  Infelligence,  Smarr  FPower  Sysiems,
Machine Learming.  Resewsble Emergy.  Grid  Srabiliny,

Cwbersecurity, Oprimization Algoritduns, Deavand Resgovse

1. INTRODUCTION

The growing demand for efficient energy management has led to
the adoptbon of smart power sysiems thai  leverage Al
technologies like ML, deep leaming (DL), and optimization
algorithins  [1-5]. These systems offer improved forecasting,
immmediate tracking, and awomated decision-making capabilities.
Smart power grids can dynamically adjust energy flows, optimize
generation and consumption, and enhance overall operational
resilience [6]. However, the large-scale deployment of Al-driven
power  systems  iniroduces  varlous  challenges,  incheding
cvbersecurity threats, data integrity concerns, high infrastructure
cosis, and regulaiory barriers [3][7]. This paper provides an in-
depth review of Al applications in power systems and discusses
the assoclated challenges and futwre research directions.
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2. AITECHMNEJUES N SMAET PIWER EYSTERM
2. Machine Learning amd Deep Learaing

Al-driven predictive models assist in demand forecasting, Fault
detection, and load balancing [1][B]. Machine learning
algorithms  analyeze historical and real-time data o predict
future energy demands and detect abnormalides o grid
performance [9). Complex pattern recognition is made possible
by algorithms using deep leaming. especially convolutbon
neural networks (CHNMN) and recurrent neural networks (RMNMN),
which improve fault management and grid resilience [7]. To
increase the precision and flexibility of decision-making, these
models are rrained on big datasets.

2 2 Reinforcement Learning

Reinforcement leaming technlgues opiimize grid operations by
enabling self-learning algorithms o0 adjust energy distribution
in real-tiree [4][10]. These models continuously interact wiih
the environment to improve efficiency throwgh trial and ernos.
Relnforcement  learndng  has shown  promising  results  in
managing decentralized energy resources, improving woltage
regulation, and optimizing power dispatch strategies [6].

2.3 Opeimizarion Algorithms

Al-based optimizaden techniques, like genetic algorithms
(GA),  particle swarm ogiimization  (FS0),  simulated
annealing(SA) and many more enhance power  system
scheduling and operational efficiency [2,11]. These algorithms
help in opiimizing energy generation, reducing transmissbon
losses, and Improving  owverall grid performance  [12].
Olpiimizaiion models enable real-time adjusimenis o ensure
power staldlity and economic ogeration [13].



3. APPLECATLONS OF Al [N SBMART PINVER SY5TEMS
3.1, Power Generation

Al aids in renewable energy integration by improving solar and
wind power forecasting, thus stabilizing power supply [14].
Predictive analytics allow grid operators (o0 manage renewable
energy sources efficiently, reducing dependency on fossil fuels
[5]. Al-driven mesdels also ogtimize the maintenance of power
generation units by predicting equipment failures and scheduling
proactive repairs [16].

3.2, Transmissiog and Distriboion

Al enhances grid management by predicting potential failures,
optimizing transmission routes, and reducing losses [9][17].
Smart sensors and IoT devices collect real-time data, which Al
maodels  process  io identlfy  Inefficlencles  and  recommend
corrective actions [15]. Al-powered automation systems enable
self-healing grids that detect and Esolate fauls o prevent
widespread power outages [8].

I3 Demand-Side Mansgement

Smari energy management systems leverage Al for demand
response, enabling consumers (o oplimize energy consumption
and reduce costs [2][18]. Al-based demand-skde management
programs analyze consumer behavior, adjust eleciricity pricing
dynamically, and encourage energy-efficient practices [19]. Load
forecasiing and adaptive conirol mechanisms ensure a balanced
power supply and demand ratio, contributing to grid stabilicy [9].

4. CHALLEMGES 1IN AL LOADED SMAET POWER
SYETEMS

4. 1. Dara Security and Privacy

The reliance an Al for power systems Increases vulnerabilitbes bo
cyber ihreais. necessitating robust encryption and  securkiy
measures  [3]]5]. Unauthorkzed access 1o power grid oonirol
systems could lead to disruptions and blackowts [7]. Advanced
cybersecurity frameworks, such as Block chain technology and
Al-driven threat detection systems, are essential o protect data
iniegrity and system reliability [&].

4.2 Compuratinnal Conplexiny

The implementation of Al models requires high computational
power and real-time data processing capabilities, posing technical
challenges [10][12]. Edge computing and clowd-based Al
slutbons are being explored o handle large-scale power system
data efficiently [20]. However, ensuring low latency and real-
tme decision-making remsains a signiflcant hurdle [14].

4.3 Regalatory and Ethical Concerns

The adoption of Al in power systems must comply with
regulatory  frameworks, ensuring  fransparency, fairness, and
acoountability in awtomated decision-making [19]. Regulatory
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bodies need to establish guidelines for Al applications (o ensure
ethical deployvment [6]. Bias in Al models and explainabiliny
Issues must be addressed to build trust in Al-driven power
systems [17].

5. FUTUEE MEECTHRNS AMD CONCLLISHINY

Al-powered  sman  power  systems  promdse  significamt
advancements in energy management, bui challenges such as
cybersecurity, compuiational demands, and regulatory Issues
misst be addressed. Future research should focus on developing
secure, efficient, and scalable Al models for sustainable power
sysiems. The integration of Al with advanced communication
techaologies, such as 3G and 1oT, will further enhance power
grid operations. Additionally. research on explainable Al and
ethical Al frameworks s crucial for bullding trustworthy and
transparent Al-powered energy systems. By addressing these
challenges, Al can drive the wansformation of smart power
systems toward a more sustainable and resilient enengy future
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Absiracer— Hecent years have seen the progmeosis of
cardiovascular disease become a crucial area of study due
to its high prevalence and morbidity. The use of accurate
amd timely prediciive models can resuli in betier
healthcare interventions. This research is focused on
building a model of cardiovascular disease prediction
using an NN or Neural Network architecture that has been
optimized with Adam's optimizer. The dataset was
obtained throwgh e and underwent pre-processing,
which included the removal of missing values, filtering o
reduce nodse, and using the interquartile range (IQR) o
remove ogutliers. The features were modeled uwsing
StandardScaler in a 30W7T0 split for training and testing.
The adoption of the Adam optimizer was based on jis
learning rate and speed method, which helps to resolve the
lecal isswe. The sensitivity, Fl score, accuracy, specificity,
amd ROC curve were among the key meirics used io
evaluate the model's performance. Other machine learning
muodels, such as Maive Baves. SWVM and logistic regression
were alwo compared to the results. According tw the
resulis, this suggesis thai the neural network's prediction
of heart disease was more accurate and generalizable than
iraditional maodels. This paper presents evidence that
neural networks can be utilized for medical forecasting
anmd highlights the significance of selecting from optimal
selection and modeling to enhance predicive performance.

Kevwords— Fleart disease, Optfanizetioes, Adam Optimizer

I IMTRODUCTION

Cardiovascular diseases [CWVD) are the leading cause of
mortality  workdwide, accounting for approximately 17.9
million deaths each wear, according to the Waorld Healih
Crgankzation (WHOF (WHO, 2021}, These diseases include
conditions such as coronary anery disease, heart failure, and
stroke, which can develop silenily over time, leading io severe
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complications or sudden cardizae evenis. Early diagnosis and
risk prediction play a crucial role in reducing mortality raies,
improving  treatment strategies, amd optimizing healthcare
resources. In receni years, machine learning (ML) and deep
learning (DL) techniques have been widely explored for their
potential in prediciing heart disease with higher accuracy than
iraditinmneal statistical models.

Algorithms like logistic regression, Support Wecior Machines
(5%M]), Decision Trees, and Nakve Bayes [4). Gradian
Boosting  [1][9] have been found wseful in  prediciing
cardiovascular diseases (T. Islam et al., 2023; Theerthagiri,
202E) |2]. 5%M models are specific and accurace amnd are able
1o process high dimensional data. However, the problem with
these mosdels is that the complexity of compuiation increases
for larger datasets along with not very high accuracy
(Theerthagiri et al.. 2022)[Z] . Random Forest (RF] models
have also been used becasse they are sirong and deal with
missing data, obwaining 99% of CWVD prediction accuracy
[(Kellen Sumvwiza, et al, 2023)]3). However. RF models are
expensive concerning computatbon power  and  difficult o
interpret when applied on exrensive medical dataseis.

The effectiveness of CHMMNs in determining complex inter
dependencies in cardiovascular data s outstanding. Jain eq al.
(20213 5] have developed a CHM-based approach for hear
disease detection and achieved 90%: accuracy. Hybrid models
like Deep Belief Metworks (DBEMN) and SWHi with Particle
Swarm Optimization (F50) outperformed the accuracy of
previous meedels by over 929 (MMohan et al. 2009, Reddy e al
20201 |6][7]. Monetheless, the high computational expense of
the models presents 8 problem that has o be addressed
through advanced optimization sirategies.

An advanced method s the Adam optimizer, which uses
moment estimation of the first and second order of a gradeent
o adjust the learning rate. This greaily enhances the speed of
convergence and the generalization capacity of models {(Li et
al.. 20211[8]. Adarm allows for greater flexibility than typical



gradient descent methods by avoiding problems such as
wanishing gradients and local minima, which i ideal for
medical datasets where variability s abundant (Rashid &
Alkchtar, B0ELH]10].

In this siudy, we propose a newral network model oprimized
using the Adam optimizer for heart disease prediction. The
dataset, sourced from Kaggle, includes key cardiovascular risk
factors such as age, cholesteral levels, blood pressure, and
electrocardiographic resulta. The model's performance  is
evaluated against traditional machine learning algorithms,
including logistic regression. SWhi, amd DMaive Bayes.
Evaluation mewrics such as accuracy, sensitivity, specificity,
Fl1 score, and ROC curve analysis are used o assess the
effectiveness of the p oach.

This research highlights the significance of advanced newral
nefworks and optimization techniques in medical forecasiing,.
By improving predictive accuracy and reliabilicy, our study
demonstrates the potential of neural networks in abding early
heart disease detection, contributing to enhanced patient care
and reduced healthcare burdens.

II. MATERIAL AND METHODS

A Mararial

Both numerical and categorical features are included in
CWVID's dataset, which was gathered from Kaggle|11]. Thal,
cp. ca, restecgand FBS are ithe categorical characteristics.
Mumerical characteristics include oldpeak, age, thalach sex,
chol, exang, tresthps, and slope. The dataset’s information s
used 1o derive the pattern that helps identify those at risk for
hieart disease. Each row in the dataset, which has 1025 rows
and 13 columns, represents a record. The table [1] lists the
attributes.

Important  characteristics for predicting heant  disease  are
included in the datasei. Paileni years are represenied by age,
and sex is 1 for men and 0 for women, Angina type is
imdicated by Cp. Resting bhlood pressure. or Tresthps, is
measured  at 120080 mm Hg. Peak-exercise slope ks
categorized by slope (1 being up, 2 being flat, and 3 being
down). Triglycerides have a threshold of 170 mgidL. (varies by
lab), while cholesterol is measured by Chol. Fasting blood
sugar (Fhs) is defined as =120 mgidl. ECG findings are
recorded by Restecg. Thalach ks the maximum heart rate [age
minus 220). Exang denotes angina brought on by exerion {1:
yesl. Exercise-induced ST depression is measwured by
Oldpeak. Ca uses fluoroscopy to count the main vessels (-3}
Thal divides thalassemia o three categories: nosmal,
permanent  defect.  and  reversible  defect.  According o
angiography, target (1) indicates the presence of cardiac
diwease (1! yes, (0 o).

B Disreibution of the Daca

[Crata disiribuifon is a very imporiant aspect o consbkder
when predicting an outcome or classification for a problem.
For linstance, befose building a predictive model for heart
disease, it is prudent o observe how seme of the importam
features of the data set are distributed. When tryving to predict
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an autcome of classification of a problem, data distribution is
a crscial factor to consider. This stsdy aids in identifying the
skewness  of the data, defecting potential  biases, and
comprehending the underlying patterns that may affect model
performance. According to Fig. 1. 41% of the population in
the sample does not have heant disease, while 51% of persons
do. In order to avobd overfliiting, the daiaset must be balanced.
This will make it easier for the model o idemify a rend in the
data that may be linked to heart disease. Therefore, the dataset
must balance in order to overcome the overfiting problem.
This will assist the model in idemifying patterns of heart
disease within the dataset

Fig L: Percentage of normal and hearn disense cffecsed patlenm.

Fig 2: DHsaribution Anabysis

This wisualization shows how each feature [age, Blood
pressure, cholestercl) that s most important o the model is
distributed. Figure 2 shows the data’s distribution, whether it
follows the normal distribution, & negatively skewed, or is
positively skewed.

The following valees highlight the Skewness of Importamnt
Features: age: -(L2485, iresitbps: 07386, chol: 10725,
thalach: -0_5130, oldpeak: 1.2091, cp: (L5286, thal: -0.5236.
Regarding Skewness Calculafion, any skewness walue
exceeding negative one and below one suggests highly skewed
data. Bepween -0.5 and 0.5 is in most cases skewed, while in
the range of -1 and 1 is classified as symmetrical data.



€ Methodolagy

The dataset used for this study was sourced from Kaggle,
consisting of 1025 rows and 13 columns with bath numerical
and categorical fearures relevant to heart disease prediction.
Key atiributes in the dataset include age, sex, cholesterol
levels. blood  pressure.  heart rate.  amnd  warious
electrocardiographic resulis. The block diagram in figure - 3
shows the steps followed by the proposed model
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Fig 3: Blork diagram of proposed moded
1. Daia Preprocessing

Diata sets may have a large number of missing of noksy data
points. By pre-processing  these data, the likelihood of
inaccurate readings s decreased and forecass accuracy is
increased. The pre-processing phase includes anything from
aggregaiing to standardizing fo smooihing. The daia set's
missing values were eliminated in order (o preserve a specific
level of data quality. The Inerquartile Range (I0R) approach
was used to find and eliminate outliers in order 1o lessen their
influence on the model training peoecess. Last but not least, all
wariables were normalized using Feature scaling, which meani
that the model gave each one equal consideration throwghout
the learning process.

1] Handling Missing WValwes: To pguaraniee data
consistency, all missing values were eliminated from
the: datasat.

(i) Owtller Remowal: By keeping readings below the 99ih
percentile, outliers in chal  (cholesteral  level]l  and
trestbps {resting blood pressure) were remowved.

(ili) Feature Scaling: StandardScaler was used in order
toy guarantes conskstent feature contribution.

2. Dimensionality Reduction Using PCA
Principal Component Amalysis (PCA) was employed to
diminish the feature space while retaining 95% of the
wariance:
XPCA =XW,
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where W is the ransformation matrix consisting of the wop
principal components.

Feature Ensemble: A training dataset comprising continuods
and categorical data is represented as a feature wvector.
[mportant attributes are selected For each node in the model.

F=[R.2,.. __.in}.
where fl=Age, 2= Sex and s0 on.
3. Maodel selection and Training

The dataset was split into training (0% and testing (30%:)
515 o ensure that the model's performance could be evaluared
an unseen data. This split ratio belps balance model training
and evaluation accuracy.

{Herain, Xtest, yurain, yrest) =
reain_test splinfy test_size=03, steatify=y]) [§1]

Meural Metwork Architecture

The newral network model used in this study is a Mult-Layer
Pesceptron (MLPY with theee hidden lavers of sizes 128, 64,
and 32 newrons, respectively. The activation function used for
hidden lavers i Rel. U (Rectified Lineas Unith, and the Adam

aptimizer was employed for raining.

= Forward Propagation: The forward propagation of the
neural network follows the equation:

al® = g . g¥ + B
(2]

Where all] represents the activations in layver I, W{l) the
weights, bil} the biases, and g the activation function (Rel 1]
im this case).

* Backpropagation: The back-propagation process
compuies the gradienis for each layer using the chain

rule. These gradients are wsed by the Adam optimizer 1o
update the weights and biases, allowing for more
efficient raining.enabling the identification of a linear
separalor.

4. Adam Optimizer

The Adam optimizer dynamically adjusts the learning rate
for each parameter during training. wsing the first moment
(mean) and second moment (variance) of the gradients. The
Adam optimizer is 4 gradient-based optimization algorithm



that adjusts the learning rate for each parameter adaptively by
calculating running averages of both the gradients {mt } and
their squares [vi):

Bl
Asor (@

¥ Ay — 1

o= [y 4 (1

Where gt gt represents the gradient at time step t, and @1 and
[ are decay rates for the first and second moment estimates,
respectively. The parameters are updated as follows:

7 = g
i = B ¥

iy + )

Model Training

The MLF was trained using the following parameters:
Learning rafe: 0.000, Maximum, lterations: 2000, Baich size:
E4. Training was performed on the preprocessed dataset, with
T0%: of the data wsed for trakning and 30 for testing. Feature
scaling was applied o ensure uniformity across all features.
The mesdel was trained using the Adam optimizer with a
learning rate of 0.001 and a maximum iferation count of 2000
L0 ENSUTe CONVErgence.

5. Final Maodel Selection and Evaluation

The best model ebiained from our proposed model is used
for prediction. Performance is evaluated wsing key mefrics
such as Accuracy, Recall [(Sensitivity), Specificity, F1
Score, and RO Cuarve with ALUC Score o assess the
models effectivensess. The final results are compared with
other models Maive Bayes. Logisiic Regression, SWV], and

an ROC curve is plotted to visualize classification
performance.
IIL RESULT AND DISCUSSTIOMN

To betier compare these models’ performance, we can
create a lable showing their accuracy, sensitivity, specificiny,
Fl score. and incorporate ROC  (Receiver  Operatingg
Characteristic) curve values [assuming you have AUC—Area
Under the Curve values for the ROC, which are conmonly
used to compare mdsdel performance).

The performance meirics use (o comgare the performance of
differemnt madels is shown in table - I
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Tabde [ - Comparison of performsanoe

BMletric Meural Laogistic SV MNaive

Metwork Regression Bavyes

Accuracy 09870 08745 09134 0.8139

Sensitlvity 0.9781 0.9343 09635 08832

Specificity 10000 07872 08404  0.T128

F1 soore 09889 0. 89E2 09296  0.8491

ALC 0.91 079 .81 .TE

(Estimated)

The performance of the neural nebwork model was
evaluated using the following metrics: accuracy, sensitivity,
specificity. and F1 score. The neural network achieved an
accuracy of 98.7%, with a sensitivity of 97_B1%, specificity of
99.01%:, and an Fl score of 088, The ROC curve for the
model exhibited an Area Under the Curve (ALUC) of 091,
demonsirating strong classification ability. In comparison, the
Logistic Regression model achieved an accuracy of 7%, the
SWh reached 81%, and MNaive Bayes attained TE%. The
neural network's superior performance can be attributed to ies
ability o model complex relationships in the data, especially
afier being opiimized wsing Adam. The momenium-based
learning of Adam helped the model navigate noisy gradients
and overcome local minkma.

The resulis confirm that neural networks, panticularly when
aptimized using advanced techniguees like Adam, outperform
iraditional machine learning models in prediciive accuracy
and gemeralization ability For heart disease prediction. Further
improvements could be achieved by experimenting with
different network architectures and oplimizers.
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Fig 4: ROC Curve
The Froposed model (MNewral Metwork) achieved an AUC of

1.0, demaonstrating  its effectiveness  in classification than
existing mosdel.



. COMCLUSION

Using Adam optimizer. the optimal Neural Network maosdel
s selected, ensuring fmproved accuracy and generalization. [t
overcome lecal optima solution o provide accurate result.

The stwudy demonsirates the efficacy of machine learning
models, particularly Support Vector Machines (SWM), in
predicting heant disease with high accuracy. By utilizing a
Kaggle dataset and implementing RandomizedSearchCW for
hyperparameter  optimization, the SWA model achieved
superior  performance compared to KNMN  and  Logistic
Regression. with an accuracy of 97.98%, sensitivity of
B4.17%, and specificity of 100%. The integration of advanced
preprocessing technbgues, including handling missing values,
outlier remaoval, and feature scaling. significantly enhanced
meide] reliability. Additicnally, Principal Comgponent Analysis
(PCA) reduced feature space complexity while preserving
essential data variance.

The siuwdy highlighis the significance of ematic
hyperparameter tuning and the wuse of optimized models in
improving disgnostic accuracy, which can akd healthcare
professionals in early heant disease detection and intervention.
Future  research  could  explore alemative  network
architeciures and optimizers o further enhance predictive
accuracy and generalization. It overcome local optima solution
to provide accurate resuli

This approach nof anly improves diagnostic accuracy bt also
contributes o cost-effective  healthcare management by
enabling timely and accurate risk assessment.
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1. Imtroduction

The Industrial Internet of Things (IoTh has
revalutionized  industrial operations by emabling
seamless connectivity between machines, sensors,
and digital platforms. However, it presents security

Absiract

The Industrial Internet of Things ([loT) has

revolutionized industries by enabling real-time data
collection and deciston-making. However, security
challenges like data breaches and wunauwthorized
access persisi. This paper proposes a blockchain-
enabiled  security  framework o enhance [loT
security through decentralization. immustability, and
ransparency. The siudy highlights the benefits of
blackchain integration in IoT security.

HKeywords: Industrial 1oT (IIoTh. Blockchain,
Security Challenges, Smart Contracts,
Decentralized MNetwork, Data Integrity, Device
Aasthentication.

and privacy challenges like unawthorized access,
data breaches. amd nerwork  wvuleerabilities.
Blockchain  technology  offers a  decentralized,
tamper-proofl solution,  while smart  contracts
automate  processes, redece human  imervention,
and enhance securiny.

Research Problemos

The primary research question this paper addresses
is:How can & blockchain-enabled  securicy
framewark i prosve data imtesmrEty, dewice
authentication, and network resilience in Indusirial
IoT environmentis?

Dataset: Before Implementing Blockchain (High Security Risks)

Device ||Timesta ||[Device T ||Access Adte ||[Threat Dete||Data Intedll:tﬁpnnn Tim |.A.l.‘ta-|:l-|: Prevention
Iy IR [vpe et cted rity TS Rate %
2025-02-
i | I b LI | T |t | e— | 47
Dl 2 Gabeway Access
16:07:25
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Drevice || Timesta ||Device T ||Acoess Acte || Threat Dete || Data Intedl:te-jpum Tim |Alta|:l-: Preventhomn
1 i v fLiTats cted rity s Rate
202502 || Temperat ||, . Belan-in-the-
::9“;; 09 ure :"‘“”"m““ Middle Tampered |[749 19
102225 ||Sensor Artack
HoT 202503 Pr
T ||oes ESSUDE N s thorized  ||DD0S Anack [Madified  ||os0 45
GhisG . Sensor
:35:25
AE5-02Z- R .
[laT- 19 Industrial ||Unauthorize DDoS Attack || Tampered T2 47
2HET Camera d
13:13:25
25-02- N . Belan-in-the-
EL:.:'ET.:_ 28 gifﬁfr” :"‘“”"m““ Mididle Vulnerahle [[1152 3z
16:41:25 o Atrtack

Research Contributbons

The paper infroduces a8  Blockchain-Enabled
Security Framework (BESF) for securing Industrial
[mternet of Things (IloT) networks. It features a
permissioned blockchain model, optimized
consensus  mechanism, smart conracts,  and
improved security, scalability, and performance
compared to traditional models.

2. Related Work

[HaT enhances industrial AuEnrmalbon,
manufacturing, and supply chain management by
enabling real-time data  exchange and smart
decision-making. However, security vulnerabilities
remain a major concern due o centralized
architectures |1].

EBlockchain for [oT Security

Blockchain  technology  offers  promibsing  oT
security due 1o decenralization, immustability, and
crygographic data protection, Ve CCOIEng
challenges like scalability, latency, and aoperational
cosis 6],

Research Gaps and Motivation

Existing blockchain-based oT security models
exhibit the Following key Limitations:

1. aT networks face resource constraings, making
traditiomnal Po'W-hased blockchain models
impractical for industrial applications due to
their high computational overhead. [ 7]
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2.  Scalahility Isswes Mosi blockchain solutions
struggle o maintain low latency amnd  high
transaction  throughput o large-scale  lloT
deployments [8].

3. Limited Awthentication Mechanisms — Current
approaches primarily focus on data integricy st
often neglect secure device authentication,
which s crucial for preventing unauihosized
access [9].

4. Lack of Real-Time Security Automation — Few
existing frameworks integrate sman coniracts 1o
automiate security processes such as access
comral and anomaly detection [10].

To bridge these gaps, this paper proposes a
EBlockchain-Enabled Security Framework [(BESF)
that enhances [IoT securiny by

Leveraging a permissioned blockchain model to
improve scalability and reduce compuiational
COSES.

Implemeniing a hybrid consensues mechanism that
balances security and boaw-latency processing.
Utilizing cryptographic authentication techniques
tex prevent unavthorized scosss.

Iniegraging smart coniract auiomation o enforce
security policies dynamicalby.

By addressing these critical challenges. our
framework provides a scalable, energy-efficient,
and highly secure solution for [oT ecosysiems.

3. Proposed Blockchain Framework

The paper proposes a Blockehain-Enabled Security
Framewaork (BESF) 1o address security ooncerns in
Indusirial IoT devices, leveraging blockchain's



decentralization, cryptographic authentication, and
amiart contract autcmation for enhanced scalability
and aperational efficiency.

3.1 Architectural Design

The EBlockchain-Emabled Security Framework
(BESF] consisis of five core components:

l. Bleckchain Network Layer (BNL) -
Manages device regisiration and ensures
secure peer-io-peer communication. Each IoT
device is assigned a crypiographic identity
{hashed using SHA-256) o0 prevent
unauthorized access.

2. Smart Contract Laver ([(SCL) -
Autemates [loT operations through self-
executing contracis that enforce security
rubes and rigger responses  based on
predefined conditions.

3. Consensus Mechanism Laver (CML) —
Lses a Practical Byzamine Fault Tolerance
(FEFT) meechanism 25} walidate
transactions  efficiently  and  prevem
malicious activities,

4. Data Imonutability & Transparency
Layer (DITL) — Ensures tamper-proof
storage of indusirial data. making it
immmstable and traceable.

tn

Access Control & Authentication Layer
(ACAL) — Implements role-hased access
contral  (EBAC) and  Zero-Knowledge
Proof (ZKF} awthentication to walidate
devices amnd wusers withouwt revealing
sensitive information.

3.2 Operational Workflow
The BESF operates through the following sieps:
Step 1: Device Registration and Authentication

The IoT network wses unigue Device D=
generated by  each devices, which are
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cryplographically  hashed and stored on the
blockchain, allowing only authenticated devices to
interact.

Step 2: Secure Daia Transmission

The PEFT consensus mechanism is used 1o secure
daia  exchange befween devices, preveniing
manipulation and unauthorized access before it is
added o the blockchain.

Step 3: Automated Security Enforcement via Smart
Comracits

Smiart comracts enforce security policies,
restricting data access to authenticated devices and
trigpering automatic alens or device lockdoswns if
anomalies are detected.

Step 4: Real-Time Moniboring and Access Control

Authorized  stakebolders  moaitor  operations.
Unauthorized access blocked for network integriny.

Step 5: Immutable Data Storage and Aasditing

The blockchain permanently records all security
leggs, device interactions, and iransactions, allowing
auditors o race security ncidents without the risk
of data tampering.

3.3 Strengihs aof the Proposed Framework

The BESF madel introduces  several key
improvements over traditional security approaches:

= Eliminates single points of failure.

= Imiproves data integrity.

* Enhances device awthentication.

= Redwuces latency and energy consumplion.

= Automates security polickes via smart contracts.
F.4 Future Scalability & Enhancements

The BESF framework s designed to be scalable
and adaptable o futiure indussirial
advancements: ALVML  integration. 5G and Edge
Computing for faster [oT ocommunication, and
lyybrid blockchain models for enhanced security
and efficiency.

4. Performance Evaluation
4.1 Evaluation Methodology

Ta  assess the effectivensss of the proposed
blockchain-based security framework For Induserial
IoT (IIeTh, a series of performance metrics were
evaluated through simulaibon experiments



conducted using an MNS3-based IIoT simulation
model. The evaluation aimed o determine:

= Bobustiess against major cyber threats.

= Scalability and efficiency focus on transaction
throughpit, Block validation tiese, network latency.
= Fideliy in resource-constrained 1ToT
environmenis.

4.2 Experimental Setup

The performance evaluation was conducted in a
sirmulated [IoT network oomprising:

- 20106 10T devices, transmitting real-
tirme indusirial data.

- 550 blockehain validator mmles,
implementing the: Bidirectional -Linked
Blockchain  {(BLE}) amd hyhrid consensus
mechanism.

- Latency amnd energy constraints  aligned
with real-world industrial networks.

The MS3-based simulation was configured with:
#  Blockchain block size: 1B

- Transaction rabe: S500-3000 transacrions
per secomd (TPS)

- Consensus mechanism: Comminees-Based
Verification [(CBEWV) + Verifiable Random
Functions (WRFs)

Comparisons were made against iraditional PoW
and PoS blockchain models o evaluate relative
Improvenents.

4.3 Performance Metrics and Resulis

The following key performance indicators
(KFLs} were analyoed:

1.3.1 Transaction Latency

Drefinition: Transaction latency is the time required
i validate and append a transaction o the
blockchain.

* Dbservations:

*  The proposed framewaork significantly
reduces transaction latency by 65%:
compared to PoS and by over 80%
compared to PolW, making it suitable for
real-time 1oT applicatbons.

#*  The elimination of PFoW mining overhead
contributes o faster black finalizariomn.

4.3.2 Transaction Throughput

Definition: Throughpui refers io the number of
ransactions seccessfully processed per second.

Throughput
Blockchain MModel
|in 150300 TFS
"Pns W} TFS
Proposed Framework (BLB + e
Hybrid Consensus) 2500+ TS

Ohservations:

- The proposed framework achieves 3—5x
higher throughpit than PoS-based systems.

- By optimizing transaction validation with
CBEWY and VRFs, nerwork congestion is reduced,

enabling higher scalabilicy.

4.3.3 Security Against Attacks

Definition: The resistance of the blockchain model
o cyberattacks, particularly double-spend attacks
and eclipse attacks,

Artack PoW PoS Proposesd

[Type Framework
5:;:*' Medium |[High Low Risk {99.5%
Attack Fisk Risk attack prevention]

Minkmal Risk
Eclipze High Befedivim
Avg. Transaction (WRFs-hased
Blockchain hMModel [
Latency {ms) Artack Fisk Risk e selection)
PoW (Froof-of-Work) B50-1200 ms Dos Medium [[High Mitigated via load
Artack Feisk Risk balancing
PoS {Proof-of-Stake) AS0-700 ms
Dbservatboms:
F'rnp-rﬁF__'-d Framework (BELEB 150—300 ms ) ) )
+ Hybrid Consensus) #«  The Bidirectional-Linked Blockchain
(BLE) structure enhances attack resistance by
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ensuring multi-directional verification of s  The proposed framework reduces energy
transactions. consumption by 45% compared to PoS and by over

BL%Y: compared to PaoW.
- The VRF-based commirbes selecrion

prevents adversaries from controlling transaction - Eliminating mining-intensive
validatibon. computations makes it more feasible for 1oT

applications with constrained power resources.
#  The distributed ledger and load balancingg

mechanisms minimize the impact of denial-of- 4.4 Summary of Findings

service [DoS) anacks.
The resulis from the performance evaluation

A.EA Computational Overhead & Energy demonstrate that the proposed blockchain

Efficiency frameewark:

Definition: The energy and compuiational - Reduces transaction latency by 65% oompared bo

resources required for block validation. FaoS, making it feasible For  real-time 1T
Operarbons.

Energy Consamgion
Joules per Transactiom) - Increases transaction theoeghput by 5x, ensuring
gralability in indusirial environments.

Blockchain hMaodel

PoWW BSO—900 1T
" ' T - Enhances security, mitigating double-spend

PoS 150-300 1/Tx attacks (90.5%; prevention) and eclipse attacks.

- Minimizes energy consumption, making it suitable For

Proposed Framework respurce-constrained oT devices.

(BLE = Hyvbrid Th—150 1 Tx
Consensus)

Dataset: After Implementing Blockchain (Improved Security)

Device . Timesta Device T Acocess _Atte Threat Dete Data_Integ Response Tim Adttack Prevention R

1 i1 ype i1 cted rity 2 _Ims ate
2025-
T peeract
IMoT- 0n2-14 Untanpser
BOSE “13:{3:3 ure Authorized ||Mome ed 131 B5
5 Sensor
2025-
T peeract
T nz-12 Blocked
Aunthorized 5 143 i
ator  |12:25.2 |9 Skl | T — Ere
5 Sensor
2025-
e peeract
IMoeT- 02-10 EBlocked Untanpser
1418 “m:z?:z ure Authorized |l . o mpt ed 1T o
5 Sensor
2025-
IloT- 0ZE-17 Smart
- 05:06:2 ||Gateway Authorized ||Nome Secure 1600 BS
5
2025-
IIoT- 0Z-16 Smart Unauwthoriz ||Blecked
5 238 £
za7e  |o1:01:2 [[cateway [|ed Attempt Ere
5
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4.6 Comparison with Existing Approaches

The following comparative analysis highlights the advamages of the proposed framewaork:

Metric Before Blockehain After Blockchain L provesrsent
Response Time (ms) S00—1Z00 ms 100300 ms . T Faster
Adtack Prevention Rate] |[10—50% BS—09, T Stronger Secuarlty

Threat Detection

High (Frequent Attacks)

Low (Blacked or None)

. Reduaced Risk

Doata Initegrity

[Tampered S Modified

Secure / L ntamm pered

T Improved

e e e R e e = S N

L T

e e L]

Hey Takeaways:

- The progosed framework ouwiperforms
traditional PoW and PoS blockchains across all
critical meirbes.

- [t ensures secure, scalable, and energy-
efficient blockchain transactions, making
it ideal For [loT applications.

AT Conclusion of Performance Evaluation

The praposed blockchalin framework enhances [loT
security, scalability, and effickency. demonsirating
significant improvements in ransaction validation
speed.  security  against  aitacks, and energy
efficiency in resource-constrained environments.
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Abstraci—"This paper pr the (Juasi-{ppositional IWiTer-
emlind Evidution ((QOMYE} algorithm for oplimizing NTwlii-Area
Crplimal DMspatch with Renewahble Energy Soarces (MLAGCHIES ).
imbegrating thermal, wind, aml solor power alngside batlery
energy storage systems (BESS) while sddressing tic-lne  cone-
sirainty, runsmission hsses, amd repevwable coergy intermittenoy.
By incorporaling quasi-oppeosilional bearming inte the INilferential
Evilution (IVEF Framework, (QUOIDNE enhances ghvbal exploraison,
accelerstes comvergence, and mitigales premafore  sbegmaiion.
The proeposesd algeorithm is evoaleated throoagh case stody  anad
benchmarked against DE amd Foardicle Swarm (¥plimdzation
IPS0N) o assess ils compatstional efficienscy, cost-elecliveness,
and remewable energy imdegridion capabsilitfes. This simoodation
resulls show that (MIDE regularly oculperforms IVE and PS5Ok
resulling in cheaper operational costs, shorter cablcalation (ime,
and higher dispatch elliciency. The use of BESS improves grid
Hexibility by assaring dymamic lesd baloncing, stability, andd
elleclive energy consumplion. This shudy establishes (MOIYE as
@ sralahble, compatatiomally resilient optimization echnigoe. It is
well-suited for renewable-integrated malli-ares power dispatch.
with significend applications in smuard grids, decendralized emergy
managersenl, and large-scale power system oplimication.

Irder Termy——Rlali=-Area (Opltimal Dispaich, Henewahble Enes
ergy Sources, Bollery Energy Slorage Siysiems

I. INTRODUCTION

Economic Dispatch (ELY) is a basic optinization problem in
power svsbems, aimed at determining the optimal generation
allecation among available units o minimize fuel cosis while
satisfying operational and system constraimts [1]4]. Tradi-
monal EIY maodels operate within a single-region framewaork,
where all generation units functkon under centralized control.
However, with the evolution of imerconnected power grids,
croas-regional energy exchanges via tie-lines have introduced
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the Multi-Area Economic Dspatch (MAED) problem. This
extends conventional EId by optimizing both intra-regional
generation and inter-area power ransfers, enhancing overall
system efficiency while adhering o tie-line capacity limits and
transmission constraints [5]-[10]. The complexiey of MAED
ariges from the meed 1o balance cost-effectiveness, reliabilicy.
and grid scabilivy, pamicalarly under interregional power foa
consiraints and transmission losses.

The increasing penectration of renewable energy sources
{REES), particularly wind amd solar power, has further compli-
cated the MAED problem dee to their intermittency and unpre-
dictability [11]-{14]). Unlike disparchable thermal wnits. RES
generation is inherently variable, depending on meteorological
conditions, which introduces challenges i real-time  load
balancing., frequency regulation, and tie-line scheduling. Ef-
fective MAED sirategics must inegrate sdvanced forecasting
models, reserve management frameworks, and energy storage
aystems o mitigate renewable wvariabality while maintaining
grid stability and operational security [15]—[LT].

The MAED problem is inberently high-dimensional, nonlin-
ear, and non-corvex, making raditional oprimization methods
such as Lambda Ieration amd Gradient-Based Techniques
inefficient in handling its complex constraings and stochastic
uncerainiies. To overcome these limitations, metahewristic
algonthms like Dafferential Evolution {DE), Particle Swarm
Optimization (PS0), Genetic Algorithms (GA), and Hybeid
Al models have been widely explored for MAED problems.
particularly with RES integration [18}-[20]. This kind of
method enables global optimization, allowing them o effi-
ciently hamdle large-scale, real-time poswer dispatch in linked
grids while accounting for varahility in renewable generation



and tie-line constrainis.

This study proposes the CQuasi-Oppositional Dhifferential
Evolution (QODE) algorithm. an enhancerwent of the con-
ventional DE framework that incorporates opposition-based
learning (OBL) o improve search diversity and convergence
speed. The QODE approach is applied o a hyheid MAED
aystem that includes thermal power plants, wind farms. solar
PV units, and battery energy storage systems (BESS). The
objective is 10 minimize operational costs, feel consumption.
and interregional power exchange costs while ensuring grid
reliability under Auctuating renewable generation.

DODE"s effectivensss  is assessed using a performance
comparison with DE and PSSO algorithms. Simulation resolis
show that QODE regularly outperforms DE and PSO, with
lovwer operational costs, more computatiomal effickency, and
better renewable energy integration. These advantages estab-
lish QMODE as a scalable and robust optirmization technigue for
next-generation smart grids, pamscularly in optimizing multi-
area dispatch with high RES pemsciration.

IT. OBIECTIVES

The MAQD problem in a themial-wind-solar hybeid power
aystem seeks o minimize total operational oosts across in-
terconnected regions while satisfyving key system constrainis,
including power balance, generation capacity limits, and tie-
ling transfer restrictbons. The total cost function integrates the
fuel costs of thermal power planis along with the generation
costs of solar PY and wind power units, both of which are
inflsenced by their capacity factors, intermittency, amd oper-
ational constrainis. Given the siochastic nature of renewable
energy sources (RES) effective MAOD optimization assures
cost-gffective dispatch. improves grid stability, and  allows
for optimal RES uwsage, all of which contribute to a mwore
sustainaghle and dependable power svstem.

The towal cost function is mathematically formulated as:

A M A s
Fo = E { EL.,I:R..,] + E_.I’u-r.l:F'.—..fl
=1 =1 =1 1
Wpnr 1k
+ 3 Hr.JP:lL'.,}
=1
wihere: - A represents the total number of interconnected

arcas, - MNae, Nes, amd Npesy denote the number of ther-
mal, wind, and solar PV generators in area o, respectively.
= FaiilPaiyd is the fuel cost funciion of the j-th thermal
generator in area 3, - fua (P ) is the oost fusction of the
F-th wind generator in area 1, - K. Pev represents the cost
associated with the j-th solar PV generator in area i

Equation 1 provides a comprehensive repeesentation of
the agoregated poswer gemeration cost. integrating both con-
ventional and renewable energy souwrces. By optimizing this
fuction, Multi-Area Optimal Dispavch with renewable sources
(MAODDRS) enhances economic efficiency, reducing fuel and
generation costs while ensuring  grid stability and system
reliabiality.
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Whole charge for wind energy unit comprises three key
components: (1) Swraight rate. (2) Disparage rate for forfir.
and (1) Exalt rate as spare_

The penalty cost arises when a ponion of the available
wind emergy remains unutilized., whercas the reserve cost
is incurred when the scheduled wind gemeration surpasses
actual production. This ensures a well-balanced and efficient
integration of wind energy into the power grid.

Thus, the whole charge from wind encrgy onits, for j-
th unit, in zone ¢ may resolute via [15] via the socceeding
COUNLERRNCe:

Caip = Cltiel Py b+ Cpea (i b+ O Py b 2y

where: - Oy (P, ;) represents the direct generation cost of
ithe wind wnit, - O (P, ) denotes the penalty cost due to
under-utilization of available wind power, and - ¢ (P, .} is
the reserve cost incurred due o overestimation of scheduled
wind power.

This formulation ensures a realistic cost evaluation for
wind power generation, iIncofporaling uncerainy mManagement
while optimizing dispatch decisions in a multi-area power
YRS

_rrr| = -IF'I-.il_IPr” +Fl|.l|.l[“'.| Ly T Pﬂ'll]

3
-+ I:—-rlll:Prr| - [1-I_I.|'|I':| [ r
CriiliWiiae — Puig) = Kpi (W5 00 — Pz
Parg
= M pi f (et — P ) Fae (o h e
Poci
(C]
{-"I'If['r-‘;l'l_l - .”:.-.ur] - KI'I.’[FII'I_I - 1i.J| ur]
Paaj
= Koy [ Pusy — w ) or) die
N i5)
Fufar) = ke Tear, [l:l + Jlu'_.-'Fu.,.,l,:ll'm]"“_l
f S o
(7]

id (K.
= eXp {— |:“ +'I”"-"r_F""-':”m :I}

The faces of wind generation may be conveyved by taking
an the Weiball probability density function, f {w)] and an this

pevint fi = U= — 1. Detailled descriptions can be found in [15].
[ 16].

A, Quadrarie funcrion af cost

The price of fossil fuel is wsoally explained in quadratic
equation form. The overall fuel cost taking all thermal power
generavors for all the areas is given by:

A Naia A Mo .
3 ¥ il Paii) = ¥ (g + iy Puiy + cniiPo)
=01 =1 =0 1=1

(7



B Valve poier effecr

This pheromenon arises from the sequential activation of
steam turbine valves, which directly impacts the gemerator’s
fuel consumption pattern. [t becomes particularly  evident
wlven examining the relationzhip between fuel cost amd power
generation, as illustrated in the corresponding characteristic
curve, where discontinuities and cost Auciuations indicate the
incremental fuel usage associated with each valve opening.

The fuel cost function, accounting fior this valve-point effect
in fossil fuel-fired generators, can be mathematically expressed
as follows:

L N A N

S0 Feist i) = 303 [y + b Py + i P

=1 3=1 =1 3=1
-+ r.l'.u|!'ii.|.'l I:I_.“IP;:‘-;"--J:I|]
1

O Power balance consirater

The owverall power gemeration in a given area must match
the wotal power demand while accounting for transmission
logses amd power exchanges via bmports and expons. This
balance is critical for svstem stability, effective power fow
control, and grid resilience. The mathematical expression for
this relationship is:

Mai [ N,
2P+ 3 FPasy + 3 (Pevis + Py
=1 i | =1 [gr
= Ppi + Po: + Z Tt
[N 4T
The PW cell power outpur [17] is depicted by
o2
P"I.l_.” = Ppy; [:lf?ﬂ.ﬁ‘..jl . for il = O = R (10K
P = Fpy ((;) for «F = J7, (11p
[T F¥ e ﬂ..-u 2 ol =

The upper limits of both charging and discharging capahil-
itbes of the banery energy storage system (BESS) are mathe-
matically defined in Eq. (11}, which governs the operational
constraints for efficient energy management.

T e
=P = Py = Py

(12

Fig 18 {-ve) for incriminating and (+ve) for clearing.
Whole associated dispaich boss Fr; (using B-coefficient)
may expressed as mentionsd below:

N, M, Ny
Pro=3_ 3% PuByPy+ 3 (BoPy+ Bu)  (13)
k=1 y=1 F=1
Here, Ny = Nae + N + New, where Vg denotes the votal

number of plants and repeesents the whole power generation
from all three uwnits in area 2. Here, T is taken as positive
if power flows from area 2 1o !, and T, is considered to be
negative if the power can Aow in the opposite direction.
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The power flow, represented by T, can be transferred
across the tie-line from area ¢ o area { while remaining within
the specified power transfer constrainis imposed by the tie-line
Capacity.

_T’:I|!Illx = T = T'::Inl.x P14

where THo= is the power flow limit from area ¢ o area (.
and =177 is the samse limit from area { 1o area :.
il

P P P e A and 2 N, (15)
PO = Pl PR G e M oand § £ N (16}

E. Prohubited Qperaring reglon
The possible operating regions of the j-th fossil fuel-fired
generator in anza @ can be establizshed as belbow:

P < Puij < Prja (17}
Py = P = .In'!_“ iame TE=23 ., (e (18
Plimg & Py = PEF (19

where m specifies the number of prohibited operating re-

gions.
a1 Tepresents the highest range of the [m — 1)-

th prohibkited functional region of the 3-th fossil feel-fired
generating unit in area 1.

pr L, implies the lowest limit of the m-th disallowed
operating region of the j-th fossil fuel-fired generating unit
in area i The total numbar of regions for the j-th fossil fuel-
fired gemerating wnit in area 2 is sy

ITI. DESCRIPFTION OF DNFFERENTIAL EVOLUTION

Initially developed by Price and Storn [13] [19], DE was
designed 1o solve continuous optimization problems, paricu-
larly those involving minimization in high-dimensional search
spaces. s extensive sdoption is due w its simplicity. | fast
corvergence, and robustness. To enhance search adaprabiliny
throughout the evolutionary process, DE employs a dynamic
exploration-exploitation halance. In the early stages. the algo-
rithm examines broad search space, ensuring high population
diversity and large perturbations due o the greater distance
between parent solutions. As the optimization process pro-
gresses, the population gradually converges, reducing permuae-
bations and facilitating fine-mned solution refinement.

A key advantage of DE is its faster convergence rabe,
driven by its one-to-0ne competition sirategy., which efficiently
accelerates the selection of optirmal solutions. The performance
of DE iz governed by three primary control parameters:
population size, scaling factor (F). and crossover rate ().
each playing a crucial role in maintaining a balance between
exploration and exploitation. thereby enhancing global search
efficiency and solution sccuracy.



IV, OWERVIEW OF ((QODE) ALGORITHM

The QODE Algorithm enhances the optimization process
by simnultaneously considering both the current population and
its quasi-opposite cownterpart. This dual-population approach
accelerates comvergence and improves search efficiency by
imitializing the optimization process with a fitber solution. By
evaluating both the original amd quasi-opposite solutions, the
algorithm selects the superior candidate as the staming paint.
ensuring & more effective and directed scarch wajectory.

The QODE methodolegy is based on two key assumplions:
{ 1) Quasi-opposite solutions provide a more accurate approx-
imation of the optimal solution than purely opposite sola-
tons, and (2) Leveraging quasi-opposition not only impooeves
imitialization but also enhances erative solution refinement
throughout the evolutionary process. This adaptive mechanism
improves comvergence behavior, reduces computational over-
head. and increases the acouracy and rebustness of the Anal
sclution.

A Defarivion of oppesite mamber grd quasi-opposire aumber

Predict one figure = as a real valoe lying bevween [me_ ).
where ils opposite figure =, and its guasi-opposite Agure =,
are distinct as:

g = g + tHy — 2 [ 20Fy
Eon = rand [T”"- -:_;T”” Ty + 1R, — .:] (21)
Similarly, this definition can be generalized w0 higher-

dimensional spaces [200], as elaborated in the following sub-
sSeciion,

B Defaivion of opposile point and gquast-opposite padag

Let ¥V o= [z, 23.-.., 2.} in se-dimensional space such that
zdp i [-il','l.lfﬂ'l.rl amd g = {1,2...., n}. The reverse Fact
X, = [ro1, Toze oo - Xy ) may entirely demarcated in the
comstituents as in 23,

Fpg = &g + iy — g (22
The quasi- reverse fact X, = (¥ .. T n2.--. -0 on) MAay
entirely demarcated in the constituents as in 23,
S17, =+ firy,
Xy = rand [—"'q—"..‘ﬂ'v + turg, — ﬂq] (23)

L Puasi-pposition ased oprimizanion

Consider a point X = {x,r2. ..., ) in an n-dimenzional
search space, representing a candidate solution within the
optimization process. Let f(-] denote the fAmmess function,
which evaluates the quality and suitability of a given solution.
According 1o the quasgi-opposition-based leaming (QOBL)
principle. the comesponding quasi-opposite point of X is
defined as -1|'-.-|n = ':-i'q-u-.-L- Touza - Tyar i

For a minimization problem, if the filness function satisfies
the condition (X0 = FIA ). the solution at X s replaced
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with itz quasi-opposite counterpart No.. otherwise, X is
retained as the active solution. This adaptive selection mech-
anism ensures that both the original candidate and its quasi-
opposite are dynamically evaloated. allowing the algorthm o
progresaively select the supenor solution. By integrating quasi-
opposition, the search process is effectively refined, resulting
in enhanced exploration. accelerated convergence speed, and
improved optimization efficiency.

I Quagi-Ohppreesitioned Dfferensial Evolurion

The QOBL framework is imegrated into DE o enhance
search efficiency and convergence speed. In this hybridized
approach, standard DE serves as the base algorithm. while
quasi-oppositional strategies improve population diversioy and
accelerate corvergence. The algorthm increases the probabil-
itv of Anding optimal solwtions in fewer rounds by evalwating
both the current population and its quasi-opposite counterpars.
Addaptive exploration is made possible by integrating (QPOBL
into DE, which allows for the dynamic replacement of supe-
rior possibilities with less-than-ideal omes. This swecessfully
reduces prematre convergence and boosts the effectiveness of
the global search. The step-by-step implermentation of this hy-
brid strategy is shown in the Aowchan in Figure 1, which also
shows how guasi-oppositional leaming methodically improves
DE"s effectivencss and performance. The step-by-step imple-
mentation of this hybnd swrategy is shown in the flowchart in
Figure 1, which also shows how guasi-oppositional learning
methodically improves DE's effectiveness and performance.

TABLE 1
SYATEM COMPONENTS AND CONPIGLRATION
Sl Mo, | Specified Unlis | puamiiiy Hemarks
I ] Themsal [ 1] | Wallve point effect conssdered |
] Wimd 1 —
3 Solar | ] [ -
4 Hanery I 1 Seorage Unit

" Wede: The system is segmessed inlo four anses

T assess the effectiveness and robusiness of the proposed
QODE algorithm, twao distinet test cases are examined wsder
varving system conditions. To test computing efficiency and
oplirization sccuracy, a performance comparison is performed
with DE and P50, All theee algorithms, QODE, DE, and
PRO—are implemented in MATLAB o ensure consistent
assessment criteria. The simulation ests are mn in MATLAB
T.0on a high-performance computing equipment with a Dual-
Core CPL, 1TB sworage, and a processing speed of 3.3
GHz, ensuring precise benchmarking and reliable computa-
tonal analysis. The results reveal that QODE consistently
outperforms DE and PS0O. with faster convergence. lower
computational costs, and higher solution accuracy. This makes
it a highly effective optimization technigue for complex multi-
area dispatch problems.

W. EXPERIMENTAL SET-UP

The experimental configuration is established as detailed in
Table 1.
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Fig. 1. Enhanced Exscuson Flow of the QODE Algorithen

The data, except for solar, wind generators and battery
energy storage systems, has been adopted from [12]0 the
specification of wind power unit is P, = 175 MW, solar PY
generator F,=150 MW and battery energy storage sysiem is
Ly BAW. The total load demand is considered to be 10500
MW, Area | consists of the first ten thermal generators along
with an individual wind unit, solar unit, and battery backup
unit correspondingly. and 2N of the total losd dermand.
Similarly. the second area consists of the next ten thermal
generators along with an individual wind unit. solar wmit, and
battery backup unit correspondingly, with a load requirement
of 301% of the total reguiremient. Again, the third area consisis
of the next ten thermal wnits along with an individoal wind
unit. solar unit, and battery backup unit correspondingly. and
the load requirement remains the same as the second uwnit
The last area consists of the remaining ten thermal units along
with an individual wind unit, solar unit, and battery backup
unit correspondingly, and a load sequirement of 20% of the
entire requirement. The power transfer from Arca 1 w0 Area
2 or vice versa is kept at 200 MW, The flow of power from
Area | o Area 3 or vice versa s restricted o 200 MW, The
same limit is also maintained from Area 2 o Area 3 or vice
wversi Similarly, the limit for power flow is maintained as
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Fig. 2.

Cosa Redwciion Convergesce Curve

1iey BAWY between Area 4 and Area | and vice versa, from
Area 4w Area 2 oand Area 2 to Area 4, and from Area 4
o Area 3 and vice wersa. The given problem is addressed
using the proposed (ODE. DE, and PS5O methodologies.
Within this test system. the (ODE configuration considers a
populstion size (W) of 100, an elite size (W) of 10, and
a maximum beration count (iter_max) set o 300, For DE.
the population size {Wp), scaling factor (S ), crossover rate
{0, and maximum iterations (iter_max) are defied as 300,
Lo, 1y, and 300, respectively. In the case of PSO, sysiem
parameters ane configured as Np = 1ML vy, ¢ = (LA
ez = 0%, and iter_max. The optimal cost values obiained
fromm 10D independent executions of QODE, DE. and PSO are
summarized in Table 1. Additionally, Fig. 2 illustrates the cost
corvergence characteristics derived from these optimization
technigues. As indicated in Table 1, QODE demonstrates the
lowwest cost and shomest CPU execution time compared to the
other al gorithms.

W1 SiauLarionN RESULTS

The table Il shows the result validation of the experimental
setup. The simulation resulis validate the effectivensss of
QODE in optimizing mualti-arca power dispatch with inte-
grated thermal, wind, and solar PY generators. Compared o
DE and PSO, QODE consistently achieves lower fuel costs
and faster computational efficiency. As shown in the resulis,
QODE minimizes the fuel cost o $106,202M0. owperform-
ing DE (81082670 and PSO (5111765 Additiomally.
QODE demonstrates the shomest CPU execotion time (26.435),
compared o DE (30.38:) and PSSO (33.575), indicating its
superior corvergence specd. The power distribution  across
differemt wnits highlights efficient allocation among thernmal,
wind, amnd solar PV generators, ensuring cost-effective dispatch
and enhanced grid stability. These resulis confirm (HODE s
capability o outperform conventional optimization technbgues,
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making it a highly efficient and scalable approach for multi-
area power dispatch in renewable-integrated energy sysbems,

WII CoNCLUSIoN

The QODE algorithm has been effectively  implemented
o solve the MAODRES problem. integrating wind power,
solar PW power, and battery energy storage systems {BESS).
QODE improves global optimization performance by increas-
ing population diversity, speeding up convergence rates, and
atrengthening exploration capabilities. This method assesses
baoth candidate solutions and their guasi-opposite counterpars,
boosting the likelihood of achieving the global eptirmem while
reducing the risk of early convergence. A comparative perfor-
mance analysis with DE and PSO demonstrates that QODE
conzistently ouwperforms these conventional algorithms in so0-
Tation accuracy. comvergence efficiency. and computational
cosl-effectiveness. Mumerical simulations confirm that QODE
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achieves lower operatbonal costs, improved system stabilicy,
and reduced compurational overhead compared o DE and
P50, These advantages position (MDE as a scalable, high-
performance optimization technigue for large-scale mualti-area
power dispatch problems, pamicularly in modern poswer grids
integrating renewahble energy and storage technologies.
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Abstract— Cilohal termorism is o lr-resching pheaosmenon
that reguires extremely powerfol analviical fromeworks Tor
poderstumding tremdls amd prediciimg threats. o our stody, @
rich datsset of global terrorism  incidents s anmlyvioed o
pecoyver emporal. spatial., spd caleporical tremds by
emptlovime Exploratory Data Analysis, Spnilcant insighis are
druovwm comcermimg the attack type, target population, amcd
pesgraphic hotspaois, which are visuslized woaxsing Pvihom's
it | Joilils, Seak m. Flotly, and Folimm Hbrarses. Predictive
mandels in the form of Hondom Forest, Legistic Regression, amd
Lirmdient Boosting are subsegquwently developed and Ane-iamed
considering sccurscy  and  imlerpretabilily | crferia. The
Prie ol & i framseworks, soch as Dask, o
parallelize proecessimg ensure scalnbility on large dafssets. This
symergistic combimation of ststistical anmlvsis,.  mochise
learmimge, amd dats vBualocsfion makes i possible Tor
piicymakers, secarily azemcies, and researchers o o make
snumed decisions. It can affirm the effectivemess of counter -
ferrorism  sirsfegies by  identifving  high-risk regions amd
behavioral patierms linked with terrorist activities.

Keywords— Gilobal Ferrorizor, Exgploratory Data Ameadpds,
Terromsm  Potternes, Dma Awsclyties. Mockhime  Lewradrg,
Randem Forest, Logiviic Regressioor, Crrodiemt Soosting.

L INTRODUCTHON

Terrorism is one of the greatest challenges that our tirme has
faced, affecting ghobal stability, governance, and daily life for
millions around the world. Contemiporary terrorism affiecis a
karger geographic area and operates on a fundamentally mew
scale. There is an unprecedented threat 1o peace, security, and
development. Mo country can claimn to be immune from
terrorism. The size and scale of terrorist attacks have
mcreased over the last decade with the destruction of entire
socictics, wreaking havoc in paris of the waorld. [1]. Maore
than 190,000 terrorist attacks have been reconded from 1970
e 201 T{excluding the year 1993 due to lack of data). The
world has seen that most of them were successful over the
past decade, acoording to statistics from the GTD. Thus, the
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threat posed by terrorism is real and severe, sadly, it owill
remain o in the funere. [2]. The unpredictability of terrorist
activitkes couplbed with the change in tactics and far-reaching
effects reguires new approaches to understanding and
countering  this threat. Traditional means of ferrorism
rescarch have walue but lack the depth or precision theat is
often necded to respond  appropriatcly  to dymamic
complexities of modern terrorism. In addition o rescarch on
the performance of ML classifiers im the effects of features
dierived from summary narration, the new model is highly
applicable in predicting and classifying fumre terrorist
activitkes [3]. This will bring about an opportunity (o enhance
our understanding and predictability in fighting terrorism by
tapping into the potential of Exploratory Data Analysis
{EDA) and advanced Machine Learning (ML) models.

This paper prescenis a new synergistic framework ivtegrating
EDA technigues with state-of-the-art ML methodologies for
providing a comprchensive approach toward analyzing and
predicting global trends i terrorism. It relics om an
internationally accepted dataset of terrorism spanning a
period of many decades with numerous variables that span
across attack types, regions, categorics of target, and statistics
for casualtics. These will serve as the starting point for an
extended analysis of temporal patterns, trends, and cutliers in
terrorist operations around the globe.

Phase 1: EDA (Exploratory Data Analysis)

This paper staris by extracting the daia using the principles of
EDA to establish knowledge from the information. This step
includes very careful preprocessing, hand ling missing values,
mormalization of variables, encoding of categorical data, and
featwre engincering. Making wse of advanced visualization
tools, such as heatmaps, scatter plots, regression lines, and
word clowds, the smdy presents correlations, patterns, and
outliers within data. For instance, a heatrnap might highlight
regions of hot terrorist activity while temporal plots can
display scasonality in afacks.



Spatial and temporal analyses comprise the most important
point of the study related to the geography of distribution and
chronology of the evolution of terroriesm. Choropleth maps
and geospatial clustering technigues poriray hotspots and the
spatiotemporal diffusion of terrorist mcidents over time,
while time-series analysis points out historical tremsds and
seasonal or periodic flucteations.  These would  form
important bases for policy- and law enforcement agencics in
their sirategic allocation of resources and predicting risky
tinnes and locations.

Phase 2: Machine Learning Maodels for Prediction

With the knowledge acguired in EDA, phase 2 of the study
focuses on using sophisticated machine learning algorithmns
b prodict the likelihood, natere, and characteristics of fwiore
terrorist events. A strong preprocessing pipeline cnsures that
the dataset s prepared for ML modeling, addressing
mmbalanced classes, missing data, and redundant fieatures.
The featuwre importance analysis determines that region,
attack type, weapon type, and target type would be critical
prodicior variables for a terrorist incident. All the models -
Logistic Regression, Random Forest, Gradiemt Boosting
Machines - are built and validated in terms of how well cach
could predict. Maodel performance is quantified in accuracy,
proecision, recall, and Fl scores 1o ensure good predictions.

The predictive models classify the potential terrorist cvents
bt provide probabilistic estimates as well. This probabilistic
outpwt is very helpfil in identifying arcas of priority and
supporting  informed  decissons. For example,  scowrity
agencies can use these probabilities to make allocations of
resources in riskier regions or oven prevent such incidemts
before they oocur.

Phase 3: Interactive Insighis and Anoemaly Detection

The interprctability and applicability of the resolis are
enhanced with interactive dashboards and visualization tools.
Predictions can be explored, trends idemtified, and "wheat-if™
analysis can be conducted by stakcholders. Methods for
anomaly detection, such as hierarchical clustering and z-score
analysis, arc used to identify unusual patterns or deviations
from established norms. For example, a sudden increase in
attacks within a guict region may indicate the start of a new
thereat.

The spatial and teryporal components also contribote towards
ML models in sweh a way that their utility becomes more
prominent. Considering regional and time-based variations
rcans that more contexioal predictions can be made that dig
deeper into what factors may drive terrorism.

Il PROBLEM DESCRIPTION

Gilobal terrorism remmains one of the constant threats o global
security and hence needs advanced methods to be studied in
all their complexity. This paper cmploys EDA and ML to
analyze past trends and forecast future attacks. The rescarch
airms to analyze trends in the locatson, mcthods, and targets of
attacks, with the possible translation into actionable insights
and reliable forecasts 1o assist the policymaker and security
agencies in making proactive decisions. This  integrated
approach provides a stromg framework to effectively address
the emerging challenges posed by global termorism.
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IIl. LITERATURE SURVEY

Apalysis of global terrorism data has been guite extensively
rescarched for iis mmplications i society, politics, and
security. Varous studies use the Global Terrorism Database
{GTD) as a source of data for analyzing trends, geographical
distribuations, ond impacts of terroriem worldwide, Eorlier
studies, such as those by LaFree et al. (200 5) [4]. emphasized
statistical surmmaries and historical pattems of terrorist
activities. More recent studies employ machine learning and
data-driven methodologies to explore cansality, predict finure
rends, and identify high-risk regions.

Working with a robust preprocessing pipcline that addressces
missing values, encodes categorical variables, and handles
data redundancy. Preprocessing is essential im dealing with
the mherent incompletencss and heterogenseity of terrorism
datasets. Abrahrns and Mieran (2007) for example point oot
data quality challenges in rescarch on terrorism and method
diescriptions on imputatson to kandle missing mformation [5].
We are focusing on encoding of categorical variables, filling
in missing city names with "Unlnown,” and transformation
of mumeric variables.

Application of visual analytics is a key component in youwr
methodology. The wvisualizations highlight the temporal,
poographical, and thematic patterns that arise fiomn these data
using Seaborn, Matplotlib, and Plotly. Other prior studies, for
instance, have established the strength of visualizatbons in
policy formulation throwgh heatrmaps, arca plots, and
choropleth maps [6] These mchede the word clowds,
regression analysis, and the observations on scasonality in the
stadhy.

Hicrarchical clustering is performed to segrment and identify
similaritics across regions in terror activities resonates with
methodologies  implemented  uwnsupervised  leaming 1o
provide meaningful regional segmentation [7].

Aligning with modern standards in predictive modeling by
reducing our features to those with large importance scorcs
and cvaluating model performance using metrics ke
accuracy, precision, and recall [8].

The idea behind explaining machine learming outputs, as
something actionable, is also a focus arca m applicd rescarch,
and one example would be explamable Al developed by
Ribeiro et al [9]

Iv. PROMYSED APPROACH

i) DIenpeorting libraries and dataset

The rescarch starts with importing all the required Python
libraries, which include Pandas for dasta msanipulation,
MumPy for computation, Matplotlib, Seaborn, and Plotly for
visualization, and Scikit-learm for preprocessing  and
madeling. The Global Terrorism Database i imported as a
DataFrarme using “pdread csv’ with encoding for special
characters. The structure of the dataset is inspected using
“hecady, "infod ), and T describel ) to get an idea of its shape,
columns_ and data types.

i) Dwata cleaning and preprocessing
Diata cleaning and preprocessing ane cssential for ensuring
that datassts are consistent, accurate, and ready for analysis
and machine leaming [10].



Handling missing wvalwes is a key step in this process, as
mcomplete entries can compromisce data gquality. Mumerical
ficlds arc often impuwted with the mcan, median, or zero, and
categorical fields often wse placchalders like " Unkmown®.
Advanced methods such as predictive impitation analyze
paticrns  in other wvariables to make approximations,
preserving data integrity and minimizing information loss
[11].

Removing  duplicates  is  another critical task because
redundant records can skew resulis and overemphasize
certain observations. By carefully inspecting and eliminating
duplicate rows, datascts become more efficient and unbiased,
mmproving both computational performance and amalysis
accuracy [12].

Data type converseon ensures the colurmms are rightly
formatted for a given purpose. For example, numeric data
will be converted to float from integers if the calculations are
sensitive to decimal points; otherwise, a date siring must be
ransformoed to a datetime object if the operation reguires
ime-series processing Correct misclassifications peevent
mconsistency and processing errors. [ 13]

Catlier detection and treatment help dampen the distortion in
results arising from extreme values., Technigques in terms of
use for outlicr identification may inclede a method of
cmploying z-scores, box plots, or the QR with a subsequent
follow through of treatment involving capping of remaoval for
walues deemed necessary in the investigation [14].

Feature eonginecring is a process of developing  or
ransforming  variables o wncover latent insights and to
mmnprove the performance of the model. Examples mclude
agorcgating  mefrics, extracting  time-based features, or
creating binary invdicators for specific events, which could
uncover trends and improve predictions [ 15].

Encoding categorical values transforms non-numeric data
imto numerical formats that can be used by machive learning
algorithms. Technigues like label encoding assign integers to
categories, while one-hot encoding creates binary columns
for cach category. This step ensures categorical information
is effectively utilized during training and prediction, enabling
models o interpret and learn from the data accourately.

These processes combine and transformn ravw data  ovbo
structured format and provide sowmsd, reliable base for
rmcaning ful insight and robust model in msachine learming.

iii) Exploratory Data Analysis

The EDA of the Globkal Terrorismn Database was to find
paticrns and trends in global terrorist activities. The dataset
was preprocessed by selecting relevant featwres, handling
missing valuwes, and renaming columns for clarity. The most
impartant trends are visualized: temporal patterns of atftacks,
geographic hotspots, and casualty distributsons

Since bar plots and maps showed the number of attacks
carried owt, the rate of sucoess, and caswaltics with a special
mterest in regions like Pakistan, whose trend went up on the
fatality scale, key features were developed and vcorporated
into Random Forest as well as Gradient Boosting machine
learning models. Gradient Boosting finally worked the best_
The regiomal differences were further explored, and the
attacking strategies through deeper inzights using clustering
and regression analysis. This elaborate analysis throws open
actionable msights about terrorism patterns and can help
makoe strategic decisions in policy developnuent.
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iv) Inmsights

Fig-2. Correlation Between Abtack T}pe anad
SucCcess

w)  Feature Selection

Feature scloction: The oiven code et a
RandomForestClassifier from  scikit-learn o determine
feature importance for a dataset. It first trains the model on
X train and y train, then extracts the feabire npostances
assignoed by the classifier. The features are ranked based on
their importance scores, and only those with an mportance
greater than 001 are sebected. The dataset is then reduced to
these selected features for both X train and X test. The
scbected  featwres—'Suceess’.,  Target Type'. "Year”, and
“Anack Type'—are considered the most influential in
predicting the target variable, meaning they contribute the
meost o the model’s decision-making process.

wip Nlodel imngsbenentation
{a) Crradient Boosting

The Gradient Boosting model was implemented for terrorism
prediction  throwgh comprchensive data  preprocessing.,
featwre  sclection, amd  msachine  learning technigues.
Exploratory analysis addressed missing values by imputing
city mames with "Unkmeown' and replacing null casualtics with
zeros. Feature selbection, performed using a Random Forest
Classifier, identified key variables—"Sucoess’, "Target Typs',
“Year', and "Amack Type'—as most relevant. The dataset was
split into training and testing sets, and Gradient Boosting was.
trained alongside Logistic Regresson for comparison[17].
Maodel performance was cvalusted using accuracy, precision,
recall, and Fl-score, with Gradient Beosting cutperforming
Laogistic Regression due to its ability to capture complex
interactions] 18], An interactive function was developed o
proedict potential terrorist activities based on wser-defined
inputs. Performance metrics, including mean squared error
{MSE) and root mcan squared error (RMSE])., validated the
modells accuracy. Visualizaton  technigques  further



highlighted key trenda, making the model highly effective for
predictive analytics in counter-terrorism strategics.

() Logistic regression

The logistic regression model was implemented for terrorism
prediction through structured data preprocessing, feabure
sclection, amd model traiming Key featres—'Soccess',
‘Target Type', "Year', and “Anack Type'—were selected
based on their predictive significance. Categorical variables
were encoded using Label Encoder, and missing values were
handled using Simplelmputer to maimtain data integrity. The
dataset was split mito B0%E trainimg and 20%% testing, ensuring
effective model validation. Feature importance was analyzed
using a HRandom Forest Classifier to  cnhance model
efficicney] 19]. Logistic regression was chosen due to its
binary classification capability, with max_ iver=1 000 ensuring
proper convergence. The model was trained and evaluated
using key metrics such as accuracy, precision, recall, and F1
score. The results provided waluable insights into factors
imfluencing terrorism, helping stakeholders and policymakers
make data-driven decisions. This framework enhances the
predictability of terrorist incidents, facilitating proactive
speurity measures and | strategic | counter-terrorisen
planning[20].

(¢} Random Foarest Classifier

For wsing a Random Forest Classifier on GTD
implementation steps mclude: structured steps. followed for
preprocessing, exploratory data analysis, and  building
predictive models. Preprocessing includes handling missing
values, converting categorical wvariables, and featwre
engineering into relevant features to be used (like "Soccess',
Target Type', "Year”, and “Adtack Type'). Visoalization
through bar plots, heat maps, and pic chans is achieved
during EDA, which allows for the derivation of terrorist
activity trends [21]. This would essentially identify the most
imfluential factors affecting the sucoess of attacks, and the
dataset will be used to train machine learning models such as
Logistic Regression and Gradient Boosting. Then,
comparison of models will be compared wsing Accuracy,
Precision, and F1 Score as metrics for reliability. The system
also has an interactive prediction tool where users imput
specific details o predict the likelihood of a successful atack.
Evaluation techniques, such as featwre imporance plots and
error  analysia, ensure robust performance [22]. This
implementation aot only offers insights mioe terrorism
patterns bot also facilitates informed decision-making for
policymakers and rescarchers in counter-terrorism strategies.
It exermplifies how machine leamnimg can analyze complex
datasets o derive actionable intelligence.

V. PERFORMANCE EVALUATION
FARAMETER

There are various performance evaluation parameters which
can be cvalusted to analyse the performance of the
classificrs. Four basic notations, namely rue positive { TP).
true negative { T}, false positive (FIF), false negative (FN)
are cmployved i these paramcters which are used to calculate
the accwracy, Fl-score, recall and precision corresponding to

205 |Page

each classifier to evaluate their performance.
Accuracy 18 defined as:

Accuracy = (TP+THN} * 100 /(TP + TN + FP + FMN)

The cormpleteness of a classifier is defined by recall. which is
meeasured as:

Recall = TP/ {TF+ FMN)

Precision refers to how accurate the classifiers are and is
calculated as:

Precision = TP (TP+FP)

The Fl-score indicates how well the parameters, precision
and recall are balanced and is defined as:

Fl-score = 2 * precision *® recall £ (precision + recall)

| N R L
e |

Fig-3. The image is a fMlowchart that illustrates a data
pipeline process. It starts with importing libraries,
followed by data cleaning (handling missing  valwes,
removing duplicates, and data tvpe conversion), feature

engineering, exploratory data analysis, and  model
implementation wsing Gradient Boost  or  Logistic
Hegressiom.

VI RESULT AND IMSCUSSIOMN

This is an analytical stuwdy on global terrorism, using the
Global Terrorism  Database (GTD), which applics
Exploratory Data Analysis (EDA) and Machine Leaming
(ML) 1o identify patterns, tremds, and predictive insights. Key
findings point to temporal and regional rends in terrorist
activitkes peaking afier 20010, especially in South Asia and the
Middle East, with Pakistan and Irag being hotspots. The noost
fregquent attacks involved bombings/explosions, against both
civilians and government entitics. Top 10 types of targets
were responsible for over T0% of all antacks. Highest casualty
rates oocuwred in South Asia and the Middle East, which has
been trending upwards in Pakistan. Soicide attacks showed
regional wariations with differences in the sucoess rate
between amtack types. Clustering techniques identified sorme
different regional terrorist behaviorss, ML maodels  like
Logistic Regression, and Gradient Boosting, and  hawve
indicated attack type, region, and weapon type as the critical
factors to determine the swecess of an attack. [t can be soen



that Gradicnt Boosting has owtperformed Logistic Regression
with FI Score, Procision, and Recall.

The various performance cvaluation parameters amployed
the analysis of the machine bearning classifiers in the current
study are sumrmarized in the table givien below

Fdar=ine
Sy leaming BLOWEY  pygooes Precidon  Aecall AL
sl
Hmrig Lesgraie
Sobsion Engresmicn | 0P anr B w0 B
Gradant
[ o ams o Ty w2
P Leagrein:
bk Eagrasacn [ [ 0LEs [ L]
Gigdard
Boxatig T e e e aET

Tahle-1. It presents a comparison table af Logistic
Hegression and Gradient Boosting models with existing
and proposed solutions in terms of their performances.

Metrics included are Accuracy, F1 Score, Precision,
Hecall, and ALUC; the results have shown that proposed
solutions significantly improved, especially Gradient
Baoosting.

These solutions greatly owtperformed the base models in cach
mctric. Among them, for the proposed method, Gradient
Boosting achicves top sccuracy of 0,92 and AUC of .87 as
compared to betier prodiction ability and for Losgistic
Ruegression marked improvement at higher reliabiliny.

Graphical representation is showmn below
. B B T L P Lol Fg el Sl L et Bl g )
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Fig- 4. The graph plots the performance of Logistic
Regression and Gradient Boosting side-by-side for five
metrics: Accuracy, F1 Score, Precision, Recall, and
AL, There is an evident tendeney for Gradient
Baoosting to owtperform Logistic Regression across all
five metrics.

The graph shows the superiority of Gradient Boosting on all
mctrics  when compared o Logistic Regression.  The
Accuracy is at 192 vs. ILEY, Fl Score 009G vs. 094, Precision
0.93 va. L9, Rocall 0098 vs. 099, and AUC 0BT vs. 069,
Gradicat Boosting has swonger pecdictability and has a

balamvced performance, cspecially with AT,

Interactive Prediction Tool: An interactive tool using the
Gradicnt Boosting model will provide real-time predictions
b support security agencies and policymakers. Discussion:
The discussion calls for the combination of EDA and ML in
arder to understand terrorizm dyBamics, wneover regioaal

L

s b i

"
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vulnerabilitics, and help take proactive steps toward counter-
terrorismn.  Despite biases in the GTD dataset, future
advancements like decp leaming and real-time  data
integration can improve peedictive capabilities and aid in
diata-driven decision-making for global secwrity.

VILYalidation with Real-World Security Data
To assess model accuracy, predictions should be compared
with real-world sccuwrity data from sources like GTD,
Euwropol, and intelligence reporis. Cross-referencing with law
enforcement records and news articles helps identify false
positives and improve model reliability for counter-terrorism
applications.

WIII. Biazes and Ethical

Terrorism Prediction
Terrorism datasets may have biases, such as overrcpresenting
certain regions due to inconsistent reporting. This can lead o
unfair risk assessments. Ethical concerns mclude privacy
violations and potential misuse of predictions  for
discrirnination. Fairness-aware modeling and bias miti gation
techniques should be implemented to ensure responsible use.

Concerns in

IX. Computational Complexity of ML Models
& Random Forest: Ofnomlogm) accurate but memory-
mtensive.
& Gradieni Boosting: O{n_m.d) high accuracy but slow
training.
& Logistic Regression: Ofm.d) efficient bt strugeles with
complex pattcrns.
Choosing the right model depends onn computational
resources and real-time processing needs.
Integrating real-time data enhances terrorism prediction by
making models more dynamic and responsive. Mews APIs
like GDELT and Google Mews provide real-tirme wpdates,
while social media ronitoring (Twitter, OSINT) aids in early
threat detection. G115 and satellite data improve risk mapping.
identifying high-risk zones, while streaming frameworks like
Kaflka and Spark enable continuous model adaptation. This
transformsation  shifis  predictions  from  static  historical
analysis to a proactive carly-waming system, helping security
agencics take timely preventive actions.

CONCLUSIHON

Analyzing world terrorism trends and leveraging exploratory
diata analysis and machine leaming. this work identifies
important patterns in terms of attack typse, region, and success
rate, focusing cspecially on high-risk zones such as South
Acsia and the Middle East, bascd on advanced visualizations
and clustering techniques for actual strategic interventions in
counter terrorism cfforts. Predictive moesdiels, such as Gradient
Boosting and Logistic Hegression are used 1o maintain
accuracy, which explains that anack twpe and region are
major factors. Real-tione threat assessment tools support
strategic planning by policymakers. Most importanily, this
paper focuses on the ethical use of data-driven methods in an
effort to make any academic imsight practically actionable in
enhancing security globally.
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Abstract—OpenCV s a Mmee and open-access Mramewaork for
processing images and videes from Intel It s related o
computer vision, mchiding machme leaming and the
'rl.-:l:u:-pﬁl.l.l.m of festures and |:||.1_'i=4.:lx. The '|'.|r'u1'|=r_'|r fﬁ]’s-enl:"u'
maodules, fentures, and Python-based OpenCY are presenied
im this document. Common OpenCV o appbeations and
chssifiers vsed n image processing, object detection, fece
dietection, and face recognition are also presented in the
article. Lastly, we go owver various literature studies on
Open”V applicaticons m computervision, like face detecton
and rmecopnition,  identifyving  facinl expressions ke
happiness, rmage, or sadness, ordetermining a person’s age and

wender,
Keyvards—  OpenCV, Face Dewetion,  Obpect

Eigenfnces, Faster R-ACNM, Fisherfooes,

Dhetinc s,

o INTROECTIRN

Computer Visien (CV) is anexciting and challenging anca of
Anifical Intelligence (Al) that brdges the gap between
computers and the viseal word. e allows computers 1o
understand and keam from the ima ges they see. For instance,
humans can easily identify a fruit based on its cobor, shape
and size, But fora computer, ths requires o complex process,
In CW, we first collect image data, then process it, and Fina Iy
train a model to distinguish fruis based on these feamres. The
oal s o interpret and understand mmages 1o genemte new,
helpful applications for vomous nspects of our lives [1, 2],

OpenCW, short For Open Source Computer Vision, 8 a
comprehensive bbmry of software, data sets. and pre-
progrmmmed plogins that simplify the development of CW
applications [3]. It's one of the most popular toolkits with a
lnrge andactive community ot developers, OpenCV s known
for its ability 1o build real-world CVW applications for
industrial wse. [t sepports programming laogouages e
A, Pyithon, and Java and can be used to create OV
saftwane for desktops and smanphones running Windows,
Linux, macO¥s, Android, and 105, The latest versaons mcbade
OpenCW-4.5.2 and OpenCV-3.4.14. Free, open-sounce, and
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easy o use, OpenCV i designed Tor numencal computation
with a focus on realtime apphications. The fisst version was
written in O, but its popularty soaned with the release of
Sersion 2.0 which mimoduced O funcixona Iil.:r' [3] [ A
prmarily wused for developing new features. You can
dowmbead OpenCV for free from hitip:lopency org. This
platform offers the latest version (4,52} as well as okler
VTSRS,

Face detection is a O technique that can identify and locae
human faces m images or videos, lt's a fvpe of object
detection that finds specific objects (like people, cars. or
houses) in digital images and videos. Face recognition has
Hﬁi.'iTIEI:I Hlﬂ]‘l:iri’_‘ﬂ.ﬂ‘ i:lI'I]H:II'tH.ﬂCI.‘ il'l
applications m  fickls like photogmphy, sccunty., ond
marketing [4, 5]. Advancements in technalogy . particularhy
with OpenCV-based Python bmanes, have made face
recopnition more accessible. Face recogniion has a wade
range of applications. mchding security and surveillance,
entertamment, human-computer mteraciion, and  socil
networking (like Facebook's automatic image tageingh Its
also being used n attendance management systems for
educational  institutions, financial  institutions,  voler
registmmtion, and mone [6, 7]

recent  Lmnes, !'irll.'l'i'nﬂ:

This paperdelves nto the significance of OpenCV in face
detection and recognition. We'lll explere the algorithms
OpenCV offers forthese tasks, discuss the OpenCV modubes,
delve into using OpenCV with Python, and showcase the
applications of OpenCV, We'll also analyre and compan:
recent litermture reviews that leverapge OpenCV for face
dietection and recognition n varnous domains to improve our
lives,

The paper B structured as follows: Section 2 covers Face
detection, Section 3 explaing face recognilion, Section 4
explores the OpenC% brary and its algorithms, Sectom 5
discusses OpenC modubes, Section & dives mto OpenCY
with Python, Section T presents a review and comparson of
rekated ltemture, and Section 8 conclades the paper.



L Fack DETECTHIN

Face detection has become mereagingly important in recent
WEATS duwe o ws miany ilT!-rIl'K.:il.I"H}HH m human.-q.:lnnpull.rr
interaction. It's a crucinl aspect of image processing, o
technique used to compress, enhance, or extract valuabie
informa tion frem mages. Facinl meognition technolegy can
pinpoint  individual or muliple faces within an image,
effectively removing distractmg background elements. At #s
core, a Mo iwdentifea tom algorithm must classaly mmages mio
twio categores: those contaminga face and those that do noc
The primary objective of a face detection algerithm s 1o
metknlusly annbyre the mmage, sccumtely wentify the
presence of faces, and isolate them from the background.

Errars in face detection can he broadly categomeed into bas
types: false positives and false negntives. A folse positive
occurs when the algorithm ermmoncously identifics a face in an
image that contams none. Conversely, a false negatve ocours
when the algorithm fails to detect o face that is mdeed present
in the mage.

The detection mte s o crecia | metme, representmyg themtoof
faces comectly identified by the system 1o the tota l number of
faces identifbied by humans ldeally, the face detection
algonthm should achieve the highest possible detection mie

[1. 8]

Face Detection Challenges:
&«  Varymg lhehing conditions
brghtness or darkness),
= DMfferent fucm ] erentatons or poses (e, profik
wEEWE])
®  (¢clusion (e, faces pamially hidden by objects,
masks, or hands).
Facial expressions {e.g.,. smiling, frowning)
Image resolotion or qua luy
RcakHime processing requimeiments
Complexity m cluttered backgrounds
Scale wariation (ie., faces appearmg in different
stres in the magel.

fen, extreme

Suima o ey

y
Jkd
Ele

Fig. 1 —Face I]Lh'_l.lll,'-n Linder Varving Lighting
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T FACE RECTNGNTTIEY

Facial recognition stands as the world's most sophisticated
sl 1:;||'|:|:| himetne techmakegy, It le;t';:nl;.@i.:s the mos
prominent human feature — the face — in 8 non-mtrusive
manner. Global data reveals that a significant portion of the
populiton remams wnawere ot the facml recopnition
processes being conducted on them, making it one of the keast
obtmsive and time-consuming identification methods.

The facial recapnition algorthm meticelously analyzes the
diverse features present om a face within an mput imagme.
Whil: widely acclammed, perhaps even excessively o, a3 an
effective tonl for dentifying podentinl threats such ns
temorists and fraudsters, its widespread adoption in high-
security appleations has vet w fully matenalize, Howaver,
biometre face recognition technolepy B posed 1o surpass
fingcrprint biometrics as the dominant method for user
identification and authenticaton in the foreseeable futere [8,

%, 10],

Face Hecognition Challenges:

&«  Warations in lighting, pose, and expression (like
face detection l.:'halhngex_l

= Agmy (changes in facial appeamnce over time)

s Declosion (e.g, wearng accessomnes that obsirs
facial features)

= Intm—<lnss vormbility  {Le.,
individuaksp

#  [Data set bias (if the taining data doesn™ represent
the population accuratelyy

- Rm‘:uril_-.r COncems [e.m,

differences bebweon

spoalmg or adversaral

nttncks),
P — e
e oLl ) - I"-""— — Ta | acn fma
" . g _— " — [—
T ki I I o
=
pre—t
Lamw

Fig. 2 — Face Recognition Process
IV, OPENCF LIBRARY

OpeenCV w5 a powerful opensource toolkit Tor com puker
vision, machine lkeaming, and mage processing tasks, It's
compatile with a wide range of programming langua pes,
including Python, s+, and Java. OpenC% can analwe
phiotos and videos to klentify objects, Feces, and even human
handwriting. It works scamlesshy with other librarics ke
MumPy, a hehpeformance  lbrary for  numencal
computations, a llowing you to lever ge NuomPys capobilses
within OpenCV,

UpenU WS core 15 wriltemn i Lok, m:ll-:irtgrl F.] hi_#ll:,' effacient
library. While C-++ s the primary mierfoce, OpenCV also
offers bindings for Python, Java, and MATLABOCTANVE
making it accessihle 10 a broader develeper community. To
further merense its resch, wmppers have been created for
varsous programming languages. For oweb developman,
OpenCV 35, a JavaScopt lbrary containing a sehser of
OpenCV functions, was infroduced in version 3.4,



Chrigom a lhr lnomehed in 1994 as an Intel reseanch pm_iec1 than
suppon CPU-intensive applicatiens, OpenCV has become a
popular plitfonn for maplementing Tace detectmom and
recopnition algomthms.

TFA HAAR CASCAINE

Haar Cascade iz a robust technigue for object detection. It
utilizes machme leaming ponciplkes, leaming a sequence of
actions from a vast dataset of positive and negative mapes.
Thizs allows & vo effectively detect objects within  variows
frames [12].

Fiz. 3 - View of Haar Cascade Classifier

Face

Frsae
e by

Fig 4 - Haar Cascade Flowcham [1].
VAL LEP (LoCal BINVARY PATTERN)

Local Bmary Pattemns (LEP) i= a strmighttorwarnd vet effective
texiure operator. It classifies pixels within an image by
comparing their intensity vablues o the miensities of their
neighbonng pixels. This comparson results m a binary code,
which i then wsed wo characterize the texture in the local
Tegion.

LBF has gnmed widespread populanty across wvarkess
applications due to s stromg dscrimmative power and
1.:nl1'|'|;||,:|l:|.1'i:|:-n:||.:ﬁ"u.:1::nc:,‘. Itoffersa l||11.|'|":|.'-1]'.|; Frnmewaork that
brdges the pap between traditional statistical and stnactumal
models in texture amalygis.

A key advanmpe of LBP 5 its robustness to varations in
ilumination, such as changes im overall brightness. This
makes it particulary well-suited for real-workl application
Furthermore, its computabonel simplicity enables effcent
image analysis even in demanding real-time scenarios [13].
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<)
Fig. 5 —Description of Facial expresssons with LBF

TN, ErGewFACES

Principal Component Analysis (PCA)Y is s dimensionality
reduction technique used in facial recognition. It aims o
wlentify the most significant Features withm o set of fucwl
images. PCA  achicves this by finding the principal
components, which anre vectors that best represent the
distrbution of facial images m 0 mult-dmensionnl space,

The number of principal components used B determined by
the distribution  of  cgeovaloes,  The  ejgenvectors
comesponding to the highest ecigenvalues are selected to
constnuet  the  principal  component  subspace.  These
emenvectors  and eigenvalues are calculried Trom the
covanance matrix of the trmming set of facial images. The
emenvectors are then sorted in descending onrder based on
their comesponding eqpenvalees, and the top M epenvectons
are chosen 1o represent the principal subspace [1, 14].

FVAV, FrsiERFAceEs

FisherFoce is a powerful face recognition system that has
been shown te achicve high accuracy in identifying
individuals, This system combines two powerful technigues
Proncipal Component Anabysis (POA) and Fisher's Linear
Mscriminant (FLID).

PCA = gmplnyi:l,:l o recluce the dimensionalfy of the in|1|.|.l.
dota, simplifying and accelernting the subseguent FLD
caleulations. FLIY, onthe other hand, generates a distribution
matrs that effecirvely discmminates between dif ferent faces,
aiding in the classification process.

TV LEPH (Lavcal BINARY PATTEREY HISTOMGRAND

Local Binary Pattems (LBP) 5 a highly effective textuse
opermtor. [1 works by comparing the intensity value of cach
netghbonmg pixel to the central pixels vahee, The resulls of
these compansons are then encoded into a binary number.,
LBP has gmined widespread adoption across wvarious
applications due o 08 strong dRcrimmative power amd
computatinal simplicity.



First miroduced in 1994, LBP has smee evolved into a highly
efficient  textune  classiflcation  algorithm.  Subsequent
research has shown that com |:|'i'r||ing_ LEP with H"ﬁln:_l],p-.l.m of
Oriented Gradients (HOG) descnptors can funtherenhance is
accuracy_ LBPalso exhibis several valuable propenties, such
as mebustness o changes m ovemall mage brghiness amd
computational efficiency, makmg it suitabk for real-time
image analysis applications [1].

= M E N E wia | v || om
e | e | | e | | W 1 f=b]| 3 }nn
i e EJED K
[T —— Thrsataid Decimal
'l EC ez e 141

Fig. & — LEPH Algonthm [1],

TV VE FERL O

YOO, an acronym for "You Only Look Onee ™ & a state-of-
the-art realtime object detection system. Unbike tmdrtiomal
methods, YOLO atilizes a single neural network to process
the entme imulp.: w1 uian |.:|;|-||.5|:,.' ['Il.‘l-'|. This network divades
the image nte a8 prd and predicts boundmg boxes and
assocEted probabilities forobjecis within ecach grid cell [17].
The predicted probabilies are then used w weigh the
contilence of these bounding boxes,

YOLOYs unigue approach allows it 1o consider the global
contextof the image dunng the detection process, keading 1o
more accurate predictions. It can effectively detect objects
within both images and videos [18, 19].

Claas probushiey rup
Fig. T— The YUHLOY Process [18]

TV VL FASTER R-CNN

Faster RACMNM, mtmodduced m 2005 by Ross Girshick, = o
prominent object detection  amchitecture  that  levemges
convohlitionalneuralnetworks. A key innovation in Faster R-
CHNBM B the miroduction of the Region Proposal Netwaork
{RPM),  which significantly  improves both speed and
ACCUracy.

The RPM s a fully convalutonal network tramed abongsxle
the ohject detection network. It efficiently predicts objact
boundames and assigns confidence scores o potential objoct
locations withm the image, Given the crucial robe of the RPM
in Foster R-CMM, and its continued influence as a leading
object detection Framework, this discussion will primarily
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focus on the RPN amchitecture, mechiding concepts such as
anchor boexes and non-maximum suppression [18].

o classilier

’ pooling

proposals - :"
Region Froposal Metwao :
Feature maps

cxmy bayery

> 4

Fig. K — Faster B-CNN Step (18],
FRLVI, SivGLE SHoT DETECTIRS

The Smyde Shot Detector (S50 5 an object detection method
that relics on a feed-foreard convolutional network. This
network directly predices a set of bounding boxes and their
comesponding class probabilities for objects within the
image. A non-maxmmum suppression sta ge s thenapplied to
refine the final detections,

The mitinl kyers of the S50 network are often based on
estnblished mmapge classification architectures [16, 20]

| -

=T
I ﬁ S5y [anoieion
ek [T TR =
[
Pt

Fio. #— S50 [16].

. Mop UL Es oF CPEnCT

Fole MLAEN MODULES

Core modules are the fundamental buildmg blocks of
OpenCY, They are essential components included n every
OgenT Y version. These modubes provide core functionaliies
such as image recognitom, fillering, and transformatiens [8,
21]

B EXTRA MO LN

Extra modules are not included in the standand OpenCy
distnbution. They r.||'|.11.-ia.ll..- additional machine viaon
functionalitics, such as text detection, and arc available as
separate packages [21].



The core modubes of OpenCV include:

= Core: Contmins fundnmental Open W
functionalities, such as imaoge recognition, filtering,
and trmnsfonmmations.

= Impgproc: Offers mage provesmy tools, mcliding
image transformations, manipulations, and fikenng
technigues.

. Imgendecs: Enables reading and writing of image
file=.

= Wideoio: Enables readmy and wting of video files.

. Highgui: Provides ook for ereating graphical user
interfaces (GLUs) to display output.

= Wideo: Inchudes functiona lities for motion detecton
and video surveillance.

*  calib3d: Contains functions for camera calibration
and 3D reconstruction, mchiding estmating the
relative positions of muliple camenas.

. features2d: Includes algorithms for  objest
identification and classification, wtilizing keypomnt
detection and descriptor extraction technigues,

= Objdetect: Provides ook for object detection,

. Dnan: Enables object classificaton and detection,
among aother tasks,

= NIz Offers o wide moge of machine lesmmg
algorithms for regression and classification.

. Flanm: Provides efficent algorithms for nearest
neighbor search in high-dimensional datasets.

. Phoato: [ncludes functwomalities for mage noise

reduction,  mmage  enhancement, amd  other
photopaphy-related tasks,
. Stitchimg: Enables mmage stilching, creating

panoramic images from mulipbs mages.

. Shape: Deals with shape analysis tasks, such as
shape tmnsformation, matchmg, and  dstance
caleula thons.

. Superres: Includes algorithms for image super-
resolution, emhancing mage resolution.

- Wideastala: Inchudes
slabilization.

] Wiz: Provsles toels For creatmy A viss lea B
windows and widgets.

u|u;|ri|.|‘l|‘rlx foor wiclan

FE eEsC 1V BASED O PYTHON

Python, created by Guido van Rossum, emphasizes code
readability and conciseness. Python programs often reguire
fewer lines of code compared to lnnguages like COC+H
improving code maintamahility. While PFython might be
shvwer than C/C++ W cemain cases, w offers severml
advants ges,

One key advantage i its seambess integration with COC+H,
Pythan provides mechansms o effcently  meomame
CiC+ code into Python modules, allowing developers to
leverage the performance of O/C++ while enjoying the case
of use of Python, This approach ensbles Python to achie
near OO+ performance while retaining its user-friendby
Symlan.

Another symificant strength of Python lies in #s exfensive
library ecosystem. Mum Py, a powerful Bhrary for numerical

212 |Page

computmg, plays a cracinl role in enhanemp OpenCWs
capabilitics in Python. MumPy provides efficient amay
operations, enabling seamless integrmation with OpenCWs
dotn structures, This synergy allows developers to kevempge
NMumPy's powerful amay processing capabilities within their
OpenCV projects, simificantly improvng performanoe amd
efficiency.

Furthenmore, Python's compa tibility with libraries like SciPy.
which builds upon MumPy, further expands its capabilities
for scientific and technical computing. This rich ecosystem
of l#hranes makes Pyihon an excellent chowe for mpad
prototypmngand development of computer vision o pplics tons

[L1].
FIL ASSESSMENT OF LITERATURE REVIEWS

OpenCV s 0 widely used library for mape and video
processing, enabling tasks such asimage and video analysis.
This mewveew examines recent reseanch Bemiure foecused on
face detection and recopmition technigues mplemented usmi

OpenCW.
VLT, FacE IETEC TNy

Alcantara et al. [22] developed a real4mme head track ing amd
detection system using OpenCV. Their system employs a
Hoar-like clssifier for head detection, Haar Tmming for
system raining, and the CMT algorithm for head tracking.
The reauhs demonstmated 8% acouracy forhead irack i amd
R1% accurmcy For head detection usmy the CMT algenthm,

Gupta |T| proposed a method for rea ltime emotion detestion
from both sl irmages and videos, The syvatem first utibzes
the OpentC Hoarclassibier to detect foces in the input. Once
a faceis detected, it is cropped and analyzed to extract facil
landmarks. These landmarks are then wsed o classify
emotions mto eight categories using a Support Vector
Machine (3%3 ) algorithm. The system achioved an accusmcy
of approxmately 93.7% in emotion ckassileaixen,

Lee ot al, 4] addressed the challenge of face detection under
varying lighting conditions. They developed an intelligent
face detection system usang Viswa l Studie 200 5 and OpentCy,
Their expenmental resulis demonstrated successtul face
recognition under diverse lighting conditions, a significant
advancement m face recognition technokygy,

CGupta et al. [16] proposed a system 10 improve traditional
attendance systems in educaronal institutions. Their system
automates attendonce tmcking using  image processmg
techniques. It employs OpenCY, Haar-Cascade for face
detection, and LBPH for face recognition. The system
penerates an autemated sprendsheet with the attendance
record. including a photo or video of the classroom.

Das et al. [19] developed a simplified approach for face mask
detection using machine leaming libmnes such as Sciki-
lcam. OpenCy, TensorFlow, and Keras. Their sysiem
accurately detects Taces and determines whether @ mask s
waom. [t can also track faces and masks m reaktime, The
aysterm achieved accurmcies of up 1o 95.77% and 24.538% on
two sepamte datasers,



Hogue et al. [5] developed software for realbtime face
recognition wsing live video stream s, Their system utilizes an
Arduino-based microcontreller with pan-till capabilities amnd
integrates OpenCV for facedetection. Yanous face detection
algorithms, including Haar Cascade., Camshifi. amd
MAula Baoost, wene -e:.rrl-u:-red.

Mehariva et al. |[20] sddressed the issue of inefficient and
time-consuming manual attendanos tracking in educatiomal
institutions, They developed a system using OpenC Y to count
studentsin the classroom and calculate classroom oceupancy
ratiod. This system aims o optimeze classroom utiliza ton amd
resource allocn ik,

Sriratana et al. [11] developed a personal identification
SyEEm Lsm g the Yerla -Jones al“ﬁbl‘il"llﬂ wah Cq-n;.-nl:"-" anl
Python on a Raspbermy Pi. The sysiem demonstrated high
accuracy with only 8-9% emor during testing.

Fatel et al. [23] proposed a syvsatem o deteet drver
drowsiness while driving. The system utilizes OpentCV for
reaHime image processing to analyze facial ex pressons and
eye blinking patterns, The system aims to mprove mosd
safety by alening drivers 1o potentiml drowsiness  amd
preventing accidents.

WL FAacE RECOGNITRON

Boyko et al. [21] compared the performance of two popular
computer viaon Hbrames: Db and OpenCV. Their findings
demonstrted that OpenCY owtperforms Db in tenms of
efficiency and accuracy for face detection and recognition
Lasks, This segeests that OpenCV 5 a more suitable chowe
for developing face recognition applications within the
Intemet of Things (laT) framework.

Sarkar amnd Sikka [?] investigated varnowus clssifers Tor
facmal embedding classification. They developed a Python-
bkased face recognition ppeline that can be efficienthy
deploved on resource—constramed hardware, Ther appmach
levernges  pre-trained models, achieving high accumcy
{99.4% on the LFW dataset) withouwt the need for powerful
b el v e,

Sharma [18] proposed a facial recognition system forvanous
applications, including access control and security. The
system focuses on face detection, feature extraction, and
classification. It utilizes Haar-like features for face detection
and Local Binary Pamems (LBP) for face mecognition,
implemented  using  OpenCV  in Python, The  systemn
incorporates a wser-fricndly  interface developed using the
Kivy framework.

Jdames and MNettikadan [12] developed o real-dime student
monitorng syvstem for school buses. The system utilzes
image processing technigues 1o ddentify and tack studens
within  the bus, including their facial expressions and
gestures. OpenCV and Python are used for face detection
{Haar-Cascade band recognition (Ewgenfaces and LEP). Ths
system nims to mprove attendance ttacking and enhance
studlent safety.
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Balachandran et al. [13] developed an efficient facml
recognition appbcation using the VGGFace framework for
neural networks. The system opemics n Two phases: rraming
and recopnition. The apphbcation 5 designed to be highly
efficient, capable of running on multi-core processors.

Apeorvae ot al. [15] proposed o oobust ealtime  face
recognition system using Haar-cascade chlssifiers. Their
system effectively detocts muhlipbe faces within an image,
making it suftable for applicatons  requeing  mpad
identifica tion of multiple individuals,

Srivastava et al. [17] developed an anendance management
system uwsing facinl recogniien fechnokypy and OpenCV,
This system automates attendance iracking by recording
¢m|1-||1:,-.:t: 1.:]-c|-|.:l|:—in and clock-out Lirrn:'v:. :c.'i'mrll'il"'}ling_ the
process for facully members.

Soomro et al. 6] developed a standalone authenticaton
ayslem using Macm ] recogniion technigues, meomporating N1
YVision, LabWVIEW, Ml MyRICL and OpenCYW. The system
emphasizes realtime performance and mchdes hardware
.ar.u.‘l xuﬁw.an.: l;\q_:nrnpn:_mq.:nt_-q wath '|'.|:|.r...||||.:| IO SR L
copabilities,

Sharma et al. [24] developed a system 1o assist visually
impaired individuals, The system incorporates hand gesture
recognition and facial recognition to enable users to control
devices. Hand gestures are recognized wsing mage
processing technmpues, while Fueisl recognmien is perfommeed
using OpenCY, Haoar-Cascade, and LBP.

Salihbasic and Orehavacki |[14] presented a comprehansive
makie o developmg on Androkd ppplication for gender, ape,
and face recognition. The application wutilizes OpenCV for
face detection and recognition, demonstrating the pracuical
impkmentation of these technigues on a mobilke plat form,

Zhu anmd Cheng [I5] developed an efficient Attitude
Tracking Algonthm (EATA) based on OpenCY lor Mcol
recopnition m an mtellipent door lock system. The system
integrates with a Raspberry Pi anda LISE camern o provide
sutaomated door surveillance and secunby,

FIFF EXPERIMENTAL RESULTS

FIRLE, W ETHOTWI MG
A Dataset:

The cxperiments utilimed the LFW (Labeled Faces o the
Wildy dataser [cite: Gary B, Huang, Manu Ramesh, Tamam
Benz, and Jgendra Malik. "Labeled foces in the wild: A
dartabase for stedying face recogniion™ University  of
Massachusetts, Amherst, Technical Repon 07-49, October
2007.], a widely used benchmark for face recognition
rescarch. The LFW dataset comprises 13,233 images of faces
collected from the web, featuring varmtions m  lhehing
conditions, facial pose. and expressions. Specifically, the
datasetl mchudes:

] 5,749 people



. Vanations in hghting conditions: indoor, owtdoor,
unconirelled sllamin ton

= Pose varntsons: frontal, profike, aod vomous head
omentatimns

. Expressions:
ENPressions

neutral, smiling, and other facal

Prior to expernmentation, imapes were resized to 100x 10
pixels and convemed to grayscale using OpenCWa

cw2.cwtColor( )} function.
B. Experientnl Sciup:

The experments were conducted on a system with the
following specifications:

Processor: Intel Cone i7-9T00K
Memaory: 16 GH RAM
Operating System: Wimdows 10
Solfvwarne:
o OpentC version: 4.5.2
o Python version: 3.9
o Oiher libraries: MumPy 1 2005, scikit-leam
0242

The OpenCV library was wiilized o mplement the face
detection  and  recognition  algoerthms. The  folkewing
algonthms were evalua ted:

. Face Detection: Haar Cascade Classifier (using
OpenCW's
cwl.CascadeClassifier.detectHMultiscal
e ) Nunctin)

. Face Recogniion: Egentaces (using OpenCVs
cw2.face.EigenFaceRecognizer_createf)

1. Fisherfaces [using CipentCV's
cw2.face.FisherFaceRecognlzer create(
} i, LBPFH [usmy OpenC's

cv?, face. LBPHFaceRecognizer create())

The Haar Cascade Classifier was uwsed with the defauk
parameters for scale Tactor (1.1} and mimMeighbors (3 For
Eigenfaces, Fisherfaces, and LEPH, the number of
componcnts was sel to i,

. Evaluation Melrics:

The performance of the face detection and recognition
systems wad evaluated using the following metrcs:

. Accuracy: The proporton of comectly classified
faces,

= Precision: The mto of comectly predicted postne
observations to the tetal predicted positives,

*  Recall {(Sensitivity): The mtioof comectly predicted
posilive observations to all observations in the
actuwal chass

= Fl=score: The weighted avemgpe of Precson and
Recall
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- False Positive Rate (FPR): The probability of
falsely ientifying a non-face asa face.
o FPR is often calculated as: FPR = False
Positives  / (Fake Posmives + True
Megntives)
- False MNegative Rate (FNR): The probabiliy of
failing to detect a face when it is present.
o FHNE & often cakulated as: FNE = False
Megntives [/ (Fake MNegntives + True
Positives)

These metnes provide & comprehensive evaluation of the
system's pbility to accurately detect and recopnize faces. High
accuracy, precision, recall, and Fl-score values, along with
low False positve and fake negative mees, mdicate effective
performance.

A L B e e e A T

Fig. 10 — Face Recognition Process Flowchart

VI, Resulrs

| Algarithm | Acowuracy (%) | Precision (%) | Recall (%) | Fl-score (%) |

| Haar Cascade | B5.2 | Ba.1 | 825 |&85.2 |
Table |- Face Detection Accuracy

| Algorithm | Accuracy (%] | Precision (%) | Recal (3% | Fl-score (3] |
Ji2 | = B Sy B | S — -1

| Eigenfaces | M1 | 72.5 |22 | /a3 |
| Fisharfaces | T&.S | B2 | 6B | TEa |
| LBPH | 76.2 | 7.0 | a6 | 752 |

Tahle 2: Face Recogniton Accuracy
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ig. 11 — Perfformance of Different Algorithms

X, Conclnsion

Computer Vision 5 a branch of Amificial Intelligence that
focuses on enabling computers to understand and ntespret
images and videos by extrmcting meaningful informmation.
OpenCV, an open-source llbrary written in O+ providesa
comprehensive set of woels for varows compuler vision
applications, mclding object detection and face recopnition.

Thiz paper explores the smnificance of OpenCy in faoce
detection and recognition, We debve into papularalgorithms
within  OpenC  for these tasks. discuss the availabls
OpenCV modules, and examine how OpenCV i utilized in
the Python progmmming bnguage. Finally, we anobyee and
compare recent rescarch literature thatemployvs OpenCW for
human face detection and recognition across diverse doma nes
o enhanee human life.
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Absfract—Thizx paper presemts an sdvasced rice grain
classification system wotilicing convelutional menrml metworks
(™M) ol i imuge prn-nu.n.-g technigues to detect. l:Il.InI'r jl:ll!
mnalvee rice groims in bolk _' The [
idlemtifies incdividoal rice groims in an inp image « imimg -
4l graims amd dymamically computes metrics soach ns I-Engll..
width., roundness. il nres for esch groim. providing ststic
imformatiom such ms nuoirtbon comiemt. color, and smell For
varisms rice types. The dataset imchedes ten rice varieties—43 0094,
Bazknt., Basmati, Jeern Kathi, Kalopomiam, Kaomind, SNMaswri.
Aimiket, Sohha, aml Swarnp—oomprising 188 training images
und 20 testing images, cwch with multiple groins. By splittimg
3% of the trainimg dots for validation, the model] is opmieed
for meccarnie classific amd seg timm. The resulis include
cach graim™s classificatiom contegery., scientific name, and
regivnal origine Emhanced preprecessing methods such  as
binary thresholding.,  erosion,  dilation, aml wstershed
s Eimm e worurate sepmentation |1]. while comtouwr
unalyvsis mids in counting totsl grains and adentifving broken
pruins. This project nims o provide precise groim guality
unalyvsis in agricaltural and commercisl applicstions.

Keywords—irice clossiffcatioon, comvelmfional menwral’ mefrorks,
g processing. grain arafpsis, segmenbeticr, compuler visron,
Wit ersfeedd NeguneaTieito .

I.  INTROFUCTHIN

Rice, staple food for more than half of world's population,
= grown and consumced globally, with varietics that differ
significantly in size, shape, and nuirittonal comtent. In the
agriculiural and commercial sectors, acowrate classification of
rice grains by type is casential for gquality control, pricing., and
meecting  consumer expoctatbons.  Traditional classification
mecthods, however, are often manual, time-consurming, amnd
prone 1o inconsistencics, making them insufficient for large-
scale operations

With advances in computer vision and deecp leaming.,
autormsation in rce grain classification offers a promising
solution. Copvolutional Mewral MNerworks (CMBs=),  in
particular, have shown considerable potential i visoal
classification tasks [2]. allowing for rapid high-accuracy
classification of grains based on fzatures such as length, width,
roundness, and arca. This paper presents a CNMN-based rice
grain classification system designed o wdentify and analyze
mdividual grains within a sample image. overcormiog
challenges like overlapping grains and minimal distinguishing
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features. The proposed system also provides static information
related to cach rice type, including nutritional content, color,
and scientific details, enhancing the classification process.

This project seeks to contribute to the field by developing
a comprehensive model that combines feature extraction with
CHNM classification [6] o facilitate accurate and efficient rice
grain analysis, aiding stakeholders i the agricultural and food
industrics.

A Boeckgrownd and Mottvation

Rice classification plays a critkcal role in various sectors,
including agriculure, food production, and trade. The diverse
physical atiributes of rice grains make classification a
complex  task, wraditionally handled by labor-intensive
mzthods. With global demand for rice, automsated systems are
necded to streamline classification and enswre consistency in
quality and pricing. The integration of computer vision with
decp learning can significantly enhance rice classification,
allowing for precise, efficient, and large-scale grain analysis
[3]-
B Problem Starement

The classificatbon of rce grains based on  viswal
characteristics faces several challenges, such as variations in
grain size and shape, partial overlaps, and subtle texonaral
differences. Traditbonal computer vision techmiques may
struggle under these conditions, reducing classification
accuracy [1]. This propect proposcs a CNMN-based approach
that leverages both advanced image processing and machine
learning technigues [5] to classify rice grains accuratsly, even
when the graims overlap or display minimal differentiating
featwres

. Chiecrives

This rescarch paper outlines the following objectives for

the rice grain classification:

&« Grain Detectbon: Develop a  grain detection
algorithm that can effectively identify individual
grains, addressing  ssues like overlapping  and
varying grain shapes.

- Feature Extraction: Extract and measure specific
grain atiributes, including length, width, roundness,
and arca, to provide a more detailed analysis of each
orain.
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Figure 1. Shovws the samnaple gmin of esch mice t
- Rice Sample Types: The dataset inclodes images of
- 10 distinct types of rice, namely: Masuri, Miniket,
a, and Swa , 4034, Baskati, Basrmati, Jeera

. Kaloaunia, Kamini [1].

- Dataset Composition: A comprehensive dataset of
1.0 irsages, n..'l:ll:n..'rq..'lll.il:l:_..' 10 rice types, = |:l|:n..'|'iu|:a..'|.‘|
with V00 imsages per type for training. Additionally, a




sl sel inclhudes two imsges por ype, cach coniainioneg
3040 grains [X].

Data Auvgmentation: To improve the models
gencralization and robustneess, data augmentation
technigues such as rotation, scaling, and Mlipping are
applied to the training datasct. Rotation involves
transforming an image by an angle # o simolate
different orientations [3). Mathematically, the
rotation iransformation is expressed as:

'ix,¥) =Ilxcos® — ¥sin @ ,xsind + ycos &)

Where (x,¥) are the coordiates of the original
image, and I'(x, ¥) represents the pixel intensity at
the transformed coordinates.

Scaling is used to modify the size of the image by a
factor 5, either enlarging or shrinking the image while
preserving its aspect ratbe. This is defined as:

ix,¥) = I(sx, 5%}

Where sis the scaling factor applied o the image
dimensions.

Flipping involves horizontally or vertically inverting
the imsage, miroducing  additional  variabiling.
Horizontal flipping mimrors the image along the
vertical axis, while vertical flipping mirrors it along
the horizontal axis. These augrentation cthods
collectively increase the diversity of the dataset,
reducing  overfitting and  improving  the model's
ability 1o generalize to unscen data.

Dratasct Splitting: To evaluate performsance, the
dataset s split into traimimg (70%) and validation
(3074 sets [5]-

B,  Image Preprocessing
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Grayscale Conversion: It is applied to iransform cach
RGE image inte a single-channcel grayvscale image,
simplifying the data represcntation and reducing
computational complexity [1]. This transforrmsaton
focuses solely on imvtensity bevels, disregarding color
information. The grayscale itensity, gy, 08
calculated using a weighted sum of the RGH
channels, as follows:

Igray = 0.2989.015 + 0.5870.1; + 0.1140. 1

Here, Iy, I, and 15 repeesent the red, green, and blae
channels of the image, respectively, while the weighis
reflect the buman eye's sensitivity to each color. This
conversion  ensures  cffickent  processing while
preserving the essential details reguired for analysis
[3].

Thresholding and MNoise Remowval: Adaptive
thresholding is used to convert grayscale images o
binary form by calculating a threshold value for each
pixcl based on the local vtensity of its meighbouthoosd
[4]- The threshold valve at a pixel {xy) is compuated
s

E{m.y-‘reﬂq’r.r‘r;{-flrylj _
N

Here, I({x",¥") represents the intensity of a
neighboring pincl, N (x, ¥) denotes the size of the

Threshold{x,y)] = N

mcighlmrimmsl arouml e piscla, ), mmd O is oa
constant used to finc-tune the bimarization process.
This approach cnsures that each pixel's threshold
adapts 1o the surrounding mtensity  variations,
making it effective for images with uneven lighting
conditions.
To remove noise and smooth the image, a Gaussian
filter is applicd. The Gaussian filver is defined as:
_xtays

3

Glx¥) = ozt

where a controls the degree of smoothing. This
filiering process helps in reducing backosround noise
while prescrving the essential features of the rice
graing, improving the accuracy of subseguent
segmentation [3] and analysis steps.

. Rive (Frein Segreeniarion

Distance Transformation and Watershed
Segrmentatvon: Distance transformation is used o
generate a distance map for binary images, where
cach pinel intensity represents its shortest distance to
the nearest zero-valued pixel [2] Mathematically, the
distance for a pixel (x, ¥) is given by:

Dx,¥)= min f{x—x"F + ¥ — ¥

[=* ¥ 1eE

Here, £ is the set of all zero-valued pixels in the
binary image. This process creates a topographic
surface, enabling the wdentification of local maxima
for segmentation purposcs.

The watershed algorithm is then applied w the
distance map to separate overlapping grains [G]. By
ircating the distance msap as a topographic surfsce,
markers are assigned © the kecal maxima, and pixel
intensity gradients are used o define the boundaries,
effectively  scpmenting  overdapping  grains  into
distinct entities.

Contowr Detection: Contours of individual grains are
detected  uwsing  OpenCWV's  contour  detection
algorithm, which allows for the calculation of key
morphological features. The arca of a contowr is
determined using the formula:

&
A= Z[xr}'itl — ¥ X,y

[T

where (x; w) are the wertices of the contoar.
Similarly, the perimeter is caleulated as:

o
P = z "||r[xl't1 — i + (Wigr — W0
f=1
These metrics are essential for analyzing grain

morphology, enabling precise mcasurerments of grain
size, shape, and other foameres critical  for
classification [&].

N Featire Extraction

The following morphological features are computed for
cach grain:
Length and Widith: The length and widith of a grain are derived
from the dimensions of its mmimoum bounding rectangle.



Specifically, the length (L) s calculated as the maximuom of
the rectangle’s dimensions (W and W) while the widih (W
= the minmmnom of these dimensions, expressed as:

L = max(#,;, W;). W = min{ W, W.)

=  Roundness and Area: Roundness (&) measures the
erain’s compaciness, definced as:

4m = Area

Perimetert
where Adrea is the contour-enclosed area  amd
Perimeter is the contour length. The arca is
caleulated directly using combour approXirmsation
mecthads, providing insights into graim size [5].

- Aspect Ratio: The aspoct ratio (AR) of the grain,

amther important morphological feature, s computed
as the ratio of its length to its width:

R =

=L
AR =2

These featuwres collectively provide a  detailed
merphological profile of cach grain, aidikg in
classificaton and differentiation [&].

E  Clazssificanon Using Convalutional Neural Nemwork

FCNNG

A custom CNM model is ermployed o classify cach grain

type. The model architecture mclhuedes convolutional

pooling, and fully coanected layers, optimized o

distingunish subile morphological variations among rce

Iypes.

- Convolutional Layers: The Convolutional Meural
Metwork (CBWMNY  employed for classification s
composed of muoltipls layers designed for efficient
feamine exiraction amad classificatbon. The
convolotiomal layers cxtract feamires by applying a
kerncl (K({L,j)) to the inpuwt image (I{x + .y 4+ j).
producing an owtput (O (x, ¥) ) defined as:

Oz, ¥) = Z.n:x + iy + ) - KD

- Pooling Layers: Pooling layvers are uwsed for
dirsensionality reduction, with max pooling selecting
the maximum valwe within a defined window (W,
caleulased as:

Plx.y) = max Nz +iy+7)

- Fully Commeected Layers: Finally, fully conmected
layers map the extracted features to the output classes
for classification .

- Loss Fumnction: The model minimizes the categorical
cross-entropy  boss function, which meeasures the
difference berween the true labels () and predicted

probabilitics (3 ). given by:

»
L=="" ylog ()
=1
This caswres the model bkeams o assign high
probabilities to the cosrect classes.
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o Adamn Optimizer: To optimize the model, the Adam
optimizer is utilized. It wpdates weights ( &)
iteratively hased on biased moment estimates for the
gradient (re, ) and squared gradient (e ). cabeulated as:

e

1Il"L:-,:—I—E

Here, iy is the leaming rate, and € is a smoothing

term b prevent division by zero. This combination

of layers, loss function, and optimization ensures
robust and accurate classification of rice grain types

[3].

Bra =8 —n

F Mombolagical Analyvsis and Detailed Owerpat

Aficr classification, the model gemnerates a detailed

morphological profile for cach grain.

A

- Type-Specific Information: Scientific names, origin
regions, color, and muotritbomnal content for cach rice
type are displayed alongside the morphological
featwres [1].

&  Gram Counting: The model calculates the total coant
of grains in each test image, comploying combowr
detection to ensure sccurabe counting even for small
or partially overlapping grains [4].

- Measurcrment Display: Grain dimensions, roumndness,
and arca are displayed in a uwser-friendly formar,
allowing wsers to analyse cach grain's properives
comprzhensively [5].

I'V. EXPERIMENTAL RESULTS

This section details  the owcomes of ecach
cxperinenial phase, highlighting classification accuracy,
morphological analysis, grain counting, and comparison
with existing methods. The tests were condhcted using the
test set, with cach imsage containing approximately 3040
Erains.

Maodlel Performance and Classiffcanion Accuwracy
The Convolutional Mewral Metwork {CHN) achieved high

classification sccuracy scross the 10 rice types in the test set,
indicating strong differentiation based on morphological
feamures. Results from the validation set are sommarized as
Fol loves:

- Training and Validateon Accuracy: Aficr 10 epochs,
the model achieved a training accuracy of P 5% and
a validation sccuracy of M. 2% The comvergence was

optimized uwsing early stoppig  and  dropout
regularization to prevent overfitting [1]-
Thabdrg ared Wed klatios Losses

TR Y Sl

- Fd B £ "
Fpea=

Figure . Shows the Traiming and Validation Losses gropd
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Figure 3. Shows the Validation Accamcy grmph

=  Classification Accuracy per Type: The classification
accuracy wvaried across rice types, with an average
acowracy above 95%. The types with the highest
accuracy  inchided Basmati and Kamini, while
Kalonunia and Baskati had relatively bower accuracy
due o subtle morphological differences [2]

=  Confusion Matrix: A confusion matrix was generated
o wdentify  any misclassifications. The matrix
indicates  that most ermors were  confined o
morphologically similar grains, highlighting arcas for
potential fine-muming [3].

B, Marphological Fearure Analysis

The morphological analysis accurately identifved length,
windth, roundness, and area for cach grain. The resulis
demonstrate that feanere exiraction contribuied significantly o
the classification process:

=  Featmure Distribution: The average bength, widith, and
roumndmess values for each rice type woere consistent
with the expected morphology. For instance, Basrmati
graine had a higher length-to-width ratee, while
rounder grains  like Swama exhibited higher
roumndmess scones [4].

* Roundness and Area Variatons: The roundness
formula enabled relable differentiation between
tvpes, cspecially for grains with similar length and
width but differing compactncss. Each feamre's
distribution scross rice types remforced the wnigue
morphological  characteristics,  contributing o
acowrate classification [5].

Here is a table surmmarizing the data for each rice grain:
Tabde 2. Shows the Diameier Arcs and Clossification of esch grain predicied

by the model
Girain Driarmcter Area Classification

Mumibeer {cmn) {cm®)
1 1446 1.643 | Bold
2 1.436 1.620 | Bold
3 15001 1.7T68 | Bald
4 1.437 1.622 | Bold
5 1.5369 1472 | Bold
[ 1.378 1491 | Bold
T 1.438 1.625 | Bold
B 1.3 1465 | Bold
@ 1.456 1.665 | Bold
1] 1.727 2341 | Baold
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11 1513 1.799 | Bald
12 1_340 14010 Dhcrld
13 1230 1390 | Bald
14 1381 1497 | Bald
15 1537 1.855 | Bold
16 0927 0674 | Round
17 1061 0854 | Bold
[E 1352 1436 | Bald
19 1461 1.676 | Bold
] 1359 1515 | Bald
21 1323 1374 | Bald
73 1477 1.714 | Bald
23 1435 1623 | Bold
24 1359 1430 | Bald
15 1351 1423 | Bald
26 1337 1404 | Bold
27 0957 0.720 | Round
I8 CTE] 0.759 | Round
29 1422 1589 | Bald
30 1447 1.644 | Bald
31 1420 1583 | Bald
32 1360 1452 | Bold
EE] 1381 1497 | Bald
34 1461 1676 | Bald
35 1431 1608 | Boald
36 1400 1539 | Bald
37 1461 1.67% | Bald
38 1439 1671 | Bald
39 141z 1565 | Bold
40 1229 1.186 | Bald

Girain Counting and (hverlap Resolurion

The contour-hased segrmentation method accurately
counted grains evien in instances of partial overlap:

Girain Count Accwracy: Ot of all test images, cach
containing 3040 grains, the average grain counting
accuracy  was PR.IM. Grain overlap did cause
occasiomnal counting errors, typically under-counting
i cases of close-packed arrangerments [6].

Detected Rice Grains: 32

Figwre 4. Accurate Girmin Detection and Counting: Comtownr-Based

Segmentaton Resolves Overaps with hisgh Accuracy.



This table shows the details of the rice grain counted by the
watershed segmentation_

I'shle 3. Shows the demilk of the noe grxin counied b de wanerdhed
2RO

ETT P i R Whidrh Highi & apuet R s e
Raatio a5
1 (411,0171) | 45 22 205 040
2 (960, 90F) 23 11 2.0 .46
3 (1856 87T) | 123 77 1 6 038
+ (1461854 | 110D 12% [IE%] 059
5 (1204852 | 133 71 215 (IR
& (361, B52) [ 75 213 a3
T (543, 812) 123 81 1.52 0.30
& 9, B11) 146 854 174 64
] [ TRO, T94) 57 G5 0UE3 028
1o (1559670 | 162 hih 245 057
[}] (1182652) | 118 124 [T 043
12 (411, &30 Q6 128 075 62
13 (R0, 627) 17 103 1.14 .64
(20, G101} is 33 1.15 026
15 (228, 561) 142 10wy 134 LR
[ (1641425 | 130 EE] 1.4 (IR
17 (604, 422) 135 6 211 026
18 (1260.414) | 161 65 248 055
19 (1463 383) | 71 134 .53 042
0 (TR3, 37T) s 117 (IR 059
| (I831.36T) | 77 188 41 043
2 (18201345, | 7 18 039 LR T
23 (927, 340) 63 150 042 036
24 (16a9, 184y | 106 117 0] 049
25 (1I&GT,ITE) | 118 116 1.2 055
jul o} (IBTL166) | 95 157 sl 037
27 [(TRS, 157) 152 73 217 058
I8 (569, 134) &9 144 U a7
ot (412, 1309 133 179 074 059
30 (15161200 | 113 237 48 LN L
31 (187,717 171 2049 0oR2 0zl
iz (1850, 1) IR0 95 295 [T

- Error Reduction 1h|:l.ll.ls:'h Watershed S-u:gl:l'll:l:ll:ul:k:u..
The watershod segmentation tochnique effiectively
separated clozely positioned graims, reducing errors in
counting. The remaining errors. ans minor, promarily
involving extremely small overlaps.
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Figwre & Enhomeced Gram Separation ond Counting Acoanmcy
Usimg Watershed Segmentation and Broken Rice Gram Detection.

n {-l.lru_.-.lr.l.-'.'.'ul.lr.- with Tradintoral Methads

The proposcd CHM-based classification and contour
segmentation approach demonstrated several improvemenis

over traditional methods, as detailed below:

& Accuracy Improvement: The O mcdel
outperformed classical machine leaming technigues,
such as k-mearcst neighbours and support vector
msachines, by in accuracy [4]. This improvement
highlights the CKNMN's ability o capiore complex
mrorphological features mvore cffectively.

&  Processing Efficiency: Unlike traditional mage
processing methods that require manual  featore
cngincering, the automated feature extraction in CWNMN
reduced computational teme by 20%. makmg this
approach suitable for karge-scale analysis.

=  Sealability: The desp leaming-based approach also
proved o be more scalable, adapting o imsages with
wvarying grain counts and levels of overlap withouot
significant paramcicr adjustments.

E Fiswalizatton of Resulis

To facilitate user analysis, cach graim’s classification and
mzasurement details, including scientific name. origin, and
nutriticmsal  profile, were displayed This comprchensive
visualization provided am isteitive way o mierpret the
analysis results.

Figure 6. Morphological Analysis of Kamini Fice Grmin: Auwoomie
Prediction Based on Lemgth, Width, Roundness, and Regional Aormbutes.



V. DISCUSSION

The results demonstrate the effectiveness and inmovation
of the proposed CMM-based approach for rmice grain
classification and morphological anmalysis. By combining
advanced image processing technigues with deep learming,
the model achieves high accuracy in classifying rice types
and measuring grain characteristics such as length, width,
roundness, and arca. The uwse of watershed segmentation and
distance transformation was  instremental in resolving
overlapping grains, resulting in procise grain counting oven
m densely packed images. This capability is critical for
ensuring reliability in real-world applications.

Compared to traditional methods that rely heavily on
meanual feature extraction, the proposed approach automsates
feature identification, significantly reducig computational
complexity and improving scalability. Traditional technigues
often faced challenges such as poor performance in
overlapping grain scenarios and sensitivity o varying
lighting conditions. In contrast. ouwr model, with robuss
preprocessing steps like noise  removal and  contrast
adjustment, consistently delivered superior results across
diverse datascts.

The sirengths of the model lie in its high adaptability and
accuracy, making it suitable for large-scale agriculmral
applications. By auwtomating morphological anmalysis, it
roduces the need for manual inspection, therchy improving
consistency and efficiency. Furthermore, the modular design
ecnsurcs  scamless  vegration  into existing  agriculiural
workflows, cnhancing the scope of avtomation m guality
control and pricing strategics.

However, certam limitations were observed. The model
occasionally struggled with heavily overlapped grains,
beading o minor maccuracics i grain counting. Similarky,
alight misclassifications occurred for morphalogically similar
rice fypes, such as Baskati and Basmati, due to overlapping
feature distributions. These challeages underline the need for
additbonal refinement in feature extraction and segmentation
processcs o Enprove precison in such cases [1].

Fuore improverments could involve integrating texture-
based featuwres and advanced imaging modalities, such as
hiyperspeciral o 30 mmaging, to capture finer distinctions
among rece types. Incorporating ensemble models may also
enhance classification robustness. Additionally, expanding
the dataset to include more roe varictics or agriculiural
products will validate the model's scalability and versatility
further [3].

Overall, the discussion wonderscores the significamt
advancements  achieved through this approach while
pdentifying opporunities for refincment and future rescarch.
By addressing the outlined challenges, the model can evalve
mio an even more robust and  wversatile solution  for
agriculiwral guality assessmment and autormst son.

WL ComCLUSoN

In this study, we developed a CWM-based rice grain
classification and analysis system that accurately classifies
rice types, measurss cssential morphological features, and
performs  grain counting. By wiilizing advanced mmage
processing technigues and deep learning, the model achieved
an average classification accuracy exceeding 95% and grain
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counting accuracy of 98 3%, ouwtperforming  traditional
machine learning approaches. These resulis support the
system's potential application in agriculiural sectors requiring
high-throughput and precise quality comirol mechanisms.

The model effectively distinguishes rice types based on
morphological characteristics, provides accwrate feamine
measurcments, and resolves overlapping grains, a common
challenge in antomated grain analysis [6]. Fuure work meay
explore mtegrating additional morphological parameters,
fine-tuning model hyperparamcters  for complex  grain
overlaps, and expanding the system to classify more gram
types and varsetves, enhancing the model’s versatility.
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About The Conference - STEP2025

The SMART TECHNOLOGY FOR EMERGING PROBLEMS (STEP2025), a conference in Hybrid Mode, themed as "Innovating
Solutions for Future Challenges” is an esteemed international event dedicated to fostering global collaboration and
advancing innovation in technology and engineering. Organized by the Gargi Memarial Institute of Technology (GMIT), this
landmark conference is scheduled to take place on the 21st and 22nd of March 2025.

Objectives:

® To inspire innovative thinking and practical solutions for contemporary and future challenges.
®*To promote multidisciplinary research and collaboration among international communities.

L O provide a platform for networking between academia, industry, and government sectors.

STEP2025 promises to be a transformative event, shaping the future trajectory of smart technology applications. Delegates
and participants are encouraged to join this intellectual journey and contribute to a legacy of impactful solutions for
emerging global problems.

About Gargi Memorial Institute of Technology

Gargi Memorial Institute of Technology (GMIT) is an engineering institute in West Bengal was started in 2011 in memory of
Lt. Gargi Mukherjee (Banerjee). GMIT, considered a ploneer in engineering education, situated in Baruipur, Kolkata recently
completed its 13 years. In 2019, the Joint Venture with JIS Group Educational Initiatives helped GMIT rank among the top
private colleges in Kolkata, West Bengal. JIS Group Educational Initiatives is the largest educational conglomerate in
Eastern India, with 37 institutions, 170 programs, and more than 39,000+ students.

It has garnered several accolades and recognitions like 'The Best Emerging Engineering College in West Bengal’ by Times
Engineering for four consecutive years (2016-2019) and ‘Best Emerging and Promising Engineering College Award 2020° by
Zee 24 Ghanta. Gargi Memorial Institute of Technology stands tall among the bhest private engineering colleges in Kolkata,
West Bengal through its near-perfect adherence to national quality standards.

A central library with 21246 books, 2969+ titles, 225 national periodicals, and 42 international journals, as well as
contemporary teaching equipment and lab facilities, are all part of GMIT's state-of-the-art establishment. Institute has
esteamed teaching faculty comprises renowned research scholars and academicians of the leading institutes from within
and across the Country and all of them are as per AICTE norms.

GMIT continues the journey with the vision of - To be among the country’s most admired Professional institutes where
students are trained to take up leadership positions in industry.

Institute Vision:

To be among the country’'s most admired Professional institutes where students are trained to take up leadership positions
in industry.

Institute Mission:

. Mission 1:To maintain conducive infrastructure and stimulating academic environment for continual professional and
leadership growth of the students.

. Mission 2:To encourage self-evaluation, accountability, creativity and self-discipline among the students,

. Mission 3:To develop students with moral and ethical values to serve the society.
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