
 

 

 

 

 

  



 

ii | P a g e  
 

 

 

 

 

 

PROCEEDINGS OF 1ST INTERNATIONAL CONFERENCE ON 

SMART TECHNOLOGY FOR EMERGING PROBLEMS (STEP2K25)  

 

2025 EDITION 

 

Editors 

Dr. Abhik Hazra 

Dr. Biplab Kanti Das 

Dr. Soumyajit Roy 

 

  



 

iii | P a g e  
 

Copyright © 2025 Gargi Memorial Institute of Technology 

Published by Learnet Publishing 

All rights reserved.  

No part of this publication may be reproduced, stored in a retrieval system, or 

transmitted in any form or by any means, electronic, mechanical, photocopying, 

recording, or otherwise, without the prior permission of the copyright owner.  

 

Title: Proceedings of 1st International Conference on SMART TECHNOLOGY FOR 

EMERGING PROBLEMS (STEP2K25) 

ISBN No.: 978-81-977844-3-9 

Conference: 1st International Conference on Smart Technology for Emerging Problems 

(STEP2K25) 

 

Date: 21-22 March, 2025 

Location: Balarampur, Mouza Beralia, Baruipur, Kolkata: 7000144 

 

We value, we create. 

LEARNET PUBLISHING 

19/B, Kali Kumar Majumder Road, P.O.-Santoshpur Avenue, P.S.-Survey Park, 

Kolkata-700075, West Bengal 

Visit us at www.learnetpub.co.in 

  

http://www.learnetpub.co.in/


 

iv | P a g e  
 

 

 

  



 

v | P a g e  
 

Contents 

Message from the Desk of Chairman, West Bengal State Centre, The Institution of Engineers IX 

Message from the Chairman the Institution of Engineering and Technology, Kolkata Network X 

Message from the Chair IEEE, Kolkata Section XI 

Message from the Chairman, IEEE Power & Energy Society, Chapter Kolkata Section XII 

Message from the Chairman, IEEE Communications Society, Kolkata Chapter XIII 

Message from the Chairman, Dielectrics & Electrical Insulation Society Chapter, IEEE Kolkata Section XIV 

Message from the Chairperson, IEEE Electron Devices Society, Kolkata Chapter XV 

Message from the Chairman, IEEE Photonics Society Chapter, Kolkata Section XVI 

Message from the Chairman, Signal Processing Society Chapter, IEEE Kolkata Section XVII 

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

Abstracts’ Titles with Names of Author/Authors Page 

Numbers 

Title DETECTION OF RICE LEAF DISEASES USING DEEP LEARNING 

TECHNIQUES: A REVIEW 

1-6 

Author/Authors Chanchal Ghosh, Dr. Biplab Kanti Das, Dr. Angshuman Majumdar and Saptarshi 

Chakraborty 

Title FORENSIC SKETCH CREATION AND CRIMINAL DETECTION SYSTEM 7-11 

Author/Authors Artab Maji, Anuska Basak, Debjyoti Baru, Bedatrayee Deb, Sujata Kundu, Anirban Bhar 

and Soumya Bhattacharya 

Title RAINFALL FORECASTING USING MACHINE LEARNING BASED 

APPROACHES 

12-15 

Author/Authors Debjit Roy, Shekhar Lohar, Abir Maity, Sudipta Hazra and Abhishek Adhikary 

Title CREDIT CARD FRAUD DETECTION: A COMPARATIVE STUDY OF HYBRID 

MACHINE LEARNING METHODS USING SMOTE 

16-22 

Author/Authors Saket Kumar, Keshav Kumar, Suman Kumar Bhattacharyya, Rohit Kumar Sahu, Neepa 

Biswas, Alok Kumar Das and Suchismita Maiti                  

Title QUANTUM COMPUTING IN HIGH PERFORMANCE ENGINEERING 

MODELING APPLICATIONS 

23-29 

Author/Authors Kanchan Singh and Mrityunjay Singh 

Title MAXIMUM POWER POINT TRACKING CONTROL OF PV ARRAY BASED ON 

IDENTIFIED MODEL 

30-35 

Author/Authors Bikshan Ghosh and Sharmistha Mandal 

Title REMOTELY OPERATED SEAFLOOR MAPPING VEHICLE 36-42 

Author/Authors Tamojit Mukherjee, Pamela Ghosh, Priyanshu Raushan, Pritam Biswas, Nasim Malittya, 

Banibrata Gayali, Sumit Das, Chirag Samadder, Aniket Anand and Mr. Partha Das 



 

vi | P a g e  
 

Title ENHANCED HEART DISEASE PREDICTION USING SVM WITH 

RANDOMIZEDSEARCHCV 

43-47 

Author/Authors Satrajit Das, Dr. Biplab Kanti Das, Abhirup Basu and Subhas Halder 

Title IOT-BASED DETECTION METHODOLOGY OF THYROID CANCER IN THE 

INDIAN PERSPECTIVE: USING ARTIFICIAL NEURAL NETWORKS (ANN) 

AND LOGISTIC REGRESSION (LOR) 

48-57 

Author/Authors Archisman Khanra, Asmita Ghosh, Laboni Nayak and Hiranmoy Samanta 

Title FACIAL RECOGNITION BASED ATTENDANCE MONITORING SYSTEM 58-62 

Author/Authors Arghyadeep Acharjee, Shreya Dutta Banik, Madhusree Pramanick, Sujata Kundu and 

Anirban Bhar  

Title COST-EFFICIENT HOME AUTOMATION & DIGITAL LOCKING SYSTEM 63-68 

Author/Authors Mrs. Priyanka Dutta, Mr. Atanu Samanta, Mr. Barshan Hazra and Mr. Suman Bhadra 

Title ADVANCEMENTS IN SOLAR ENERGY HARVESTING: THE ROLE OF 

CARBON NANODOTS IN PHOTOVOLTAIC CELLS 

69-74 

Author/Authors Sattik Mondal, Arna Bhaumik, Snehasri Mondal, Raghunath Maji, Dipankar Barui and 

Biswajit Gayen 

Title ADVANCEMENTS IN EQUITY RISK PREDICTION: A COMPREHENSIVE 

REVIEW 

75-79 

Author/Authors Debangana Basak, Shubhangini Dey and Kartick Chandra Mondal 

Title ANSWER SHEET EVALUATION SYSTEM USING NLP 80-84 

Author/Authors Joyjeet Mukherjee, Nitish Sadhu, Ankit Chakraborty, Bodhisatta Kumar and Sudipta Hazra 

Title MEASUREMENT OF HEALTHY AND UNHEALTHY LEAVES USING IMAGE 

PROCESSING 

85-92 

Author/Authors Akash Karmakar, Sayan Saha, Ramya Mitra, Mr. Suman Kumar Bhattacharyya, Dr. Neepa 

Biswas and Mr. Anirban Dhar. 

Title TOWARDS AN EFFICIENT UTILIZATION OF FOG RESOURCES 93-101 

Author/Authors Mr. Dipankar Barui, Mr. Raghunath Maji, Dr. Biswajit Gayen, Mr. Akash Mondal, Mr. 

Krishnendu Ghosh and Mr. Rupayan Karan 

Title IN DEPTH ANALYSIS AND PREDICTION OF GLOBAL TERRORISM: A 

SYNERGISTIC APPROACH USING EDA AND ADVANCED ML MODELS 

102-108 

Author/Authors Deepanjali Paul, Anamitra Bagchi, Ayan Saha, Pallab Mandal and Siddhartha Chatterjee 

Title DESIGN AND IMPLEMENTATION OF A MODULAR DNS RESOLVER 

INFORMATION QUERY TOOL LEVERAGING RFC 9606 

109-114 

Author/Authors Aditya Ghosh, Debarghya Bhattacharyya, Dipankar Basu and Ananjan Maiti 

Title INVESTIGATING CULINARY PRACTICES TRANSFORMATION THROUGH AI-

POWERED OFFLINE RECIPEE AND DIET MANAGEMENT CHATBOTS 

115-119 

Author/Authors Madhushree Chowdhury, Biswadeb Mukherjee, Aditya Ghosh, Debarghya Bhattacharyya, 



 

vii | P a g e  
 

Dipankar Basu and Ananjan Maiti 

Title MULTI-LEVEL ATTENTION FUSION FOR REAL AND FAKE FACE 

CLARIFICATION USING VGG16 

120-123 

Author/Authors Sayan Acharya, Debjeet Sen, Ankita Ghosh, Dipankar Basu and Ananjan Maiti 

Title AI-DRIVEN SMART PATIENT MONITORING FOR REAL-TIME DATA 

INTEGRATION AND PREDICTIVE, PATIENT-CENTRIC CARE 

124-128 

Author/Authors Mr. Raghunath Maji, Mr. Swarup Ghosh, Mr. Dipankar Barui, Dr. Biswajit Gayen, Dr. 

Paramita Sarkar and Ms. Laboni Nayak 

Title BASIN OF ATTRACTION FOR MODIFIED DIRECT TORQUE CONTROL 

STRATEGY IN BLDC MOTOR DRIVE 

129-134 

Author/Authors Susmita Adhikary, Anwesha Majumder, Chandrachur Choudhury, Sayan Bhunia, Sayan 

Sarkar and Souvik Ghosh 

Title A BRIEF REVIEW ON SCOPE OF ENERGY SAVING IN A BUILDING 135-139 

Author/Authors Susmita Adhikary, Mainak Majumder and Chiranjit Halder 

Title DESIGN & FABRICATION OF AGRI-SENSE: SMART FARMING WITH IOT AND 

A.I. 

140-145 

Author/Authors Shayak Chakraborty, Diganta Mondal, Tomojit Ghosh, Arpan Das, Ms. Santana Das, Ms. 

Suparna Maity and Ms. Bapita Roy 

Title A STUDY ON TWITTER SENTIMENT ANALYSIS USING SVM 146-152 

Author/Authors Aishwarya Jena, Adrija Sarkar, Sambit Chakraborty and Dr. Shambhu Nath Saha 

Title EXPERIMENTAL ANALYSIS OF HUMID AIR CONDENSATION ON DIFFERENT 

COPPER TUBE SURFACES 

153-156 

Author/Authors Subhajit Pal, Rupam Mahanta, Mithun Das and Ranjan Ganguly 

Title ILLEGAL HUNTING AND POACHING DETECTION USING AI IN AMAZON 

RAINFOREST BIRDS 

157-162 

Author/Authors Aritra Sadhukhan, Annwesha Kundu, Sayan Acharya, Akash Karmakar, Dipankar Basu and 

Ananjan Maiti 

Title FPGA-BASED COLOUR SORTING SYSTEM FOR MANGOES USING REAL-

TIME IMAGE PROCESSING AND MACHINE LEARNING 

163-170 

Author/Authors Sayak Nayek, Suman Kundu, Somnath Maity, Dr. Paramita Sarkar, Dr. Abhrendu 

Bhattacharya and Raghunath Maji 

Title IMAGE STENOGRAPHY USING HYBRID TRANSFORMS DOMAIN 

TECHNIQUE WITH QUALITY IMPROVEMENT AND SECURITY 

ENHANCEMENT 

171-177 

Author/Authors Nabanita Sarkar, Nandini Ghosh, Sampad Biswas, Parthib Singh, Gunbir Singh Hunjan 

and Dr. Abhrendu Bhattacharya 



 

viii | P a g e  
 

Title CHANGE DETECTION & PREDICTION REMOTE SENSING DATASET USING 

MACHINE LEARNING BASED ON SEGMENTATION 

178-182 

Author/Authors Biapsha Chakrabarti, Sampa Das, Debayan Saha, Barun Mazumder 

Title AI LOADED SMART POWER SYSTEMS: POSSIBILITIES AND CHALLENGES 183-184 

Author/Authors Mihir Kumar Manna, Abhik Hazra, Arnab Ganguly, Amartya Roy and Rakesh Naskar 

Title OPTIMIZING NEURAL NETWORK PERFORMANCE FOR HEART DISEASE 

PREDICTION USING ADAM OPTIMIZER 

185-189 

Author/Authors Sukanta Kundu, Pratik Halder, Dr. Biplab Kanti Das and Anik Pal 

Title ADVANCEMENTS AND SECURITY CHALLENGES IN INDUSTRIAL IOT: A 

BLOCKCHAIN-ENABLED APPROACH 

190-195 

Author/Authors Laboni Nayak, Anik Pal, Debanjan Roy and Raghunath Maji 

Title ENHANCED MULTI-AREA POWER DISPATCH USING QUASI-OPPOSITIONAL 

DIFFERENTIAL EVOLUTION: A RENEWABLE ENERGY AND STORAGE 

OPTIMIZATION FRAMEWORK 

196-201 

Author/Authors S.K. Dey, Chiranjit Ghosh, Suman Jana, M. Basu and D.P. Dash 

Title IN DEPTH ANALYSIS AND PREDICTION OF GLOBAL TERRORISM: A 

SYNERGISTIC APPROACH USING EDA AND ADVANCED ML MODELS 

202-207 

Author/Authors Deepanjali Paul, Anamitra Bagchi, Ayan Saha, Pallab Mandal and Siddhartha Chatterjee 

Title AUTOMATING FACE DETECTION AND RECOGNITION WITH OPENCV 208-216 

Author/Authors Arit Pal, Aritri Saha, Sravana Roy and Mr. Sumar Kumar Bhattacharyya  

Title AUTOMATED RICE GRAIN ANALYSIS AND CLASSIFICATION USING ML 217-223 

Author/Authors Mahe Parah, Sarthak Sampad Roy, Tania Roy, Premjeet Kumar Singh, Mr. Sumar Kumar 

Bhattacharyya and Dr. Suchismita Maiti 

 

  



 

ix | P a g e  
 

 

  



 

x | P a g e  
 

 

  



 

xi | P a g e  
 

 

  



 

xii | P a g e  
 

 

  



 

xiii | P a g e  
 

 



 

xiv | P a g e  
 

 

  



 

xv | P a g e  
 

 

  



 

xvi | P a g e  
 

 

  



 

xvii | P a g e  
 

 



 

xviii | P a g e  
 

 



 

1 | P a g e  
 

DETECTION OF RICE LEAF 

DISEASES USING DEEP LEARNING 

TECHNIQUES: A REVIEW 

Chanchal Ghosh  

Computer Science and 

Engineering 

 Future Institute of Engineering 

and Management, Sonarpur, 

Kolkata, India  

Dr. Biplab Kanti Das 

Computer Science and 

Engineering 

Gargi Memorial Institute of 

Technology   

Kolkata,India 

 

 

Dr. Angshuman 

Majumdar  

Department of Electronics 

and Communication 

Engineering 

Brainware University   

Kolkata, India      

Saptarshi Chakraborty 

Computer Science and 

Engineering 

Future Institute of 

Engineering and 

Management 

Kolkata, India  

 

 

   

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.  

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 diseases easily. The younger generation of farmers 

easily 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 
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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 PaddyLeaf15, 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.  

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. 
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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, 

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. 
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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 

Transfer Learning 

[16] InceptionV3 

AlexNet 

99.64% 

97.35% 

Detection of Rice Plant Disease from RGB and 

Grayscale Images Using an LW17 Deep Learning 

Model 

[12] LW17 93.75% 

Detection of Rice Leaf Disease Using CNN With 

Transfer Learning 

[5] VGG16 91.23% 

Rice Leaves Diseases Classification Using Deep 

Convolutional Neural Network 

[2] VGG-16 

InceptionV3 

95% 

Rice Plant Disease Detection Using Machine 

Learning 

[14] CNN 

Random Forest 

K-NN 

80% 

96% 

72% 

Rice Leaf Disease Detection and Diagnosis Using 

Convolution Neural Network 

[10] CNN 93% 

Deep Learning Utilization in Agriculture: 

Detection 

of Rice Plant Diseases Using an Improved CNN 

Model 

[8] VGG19 96.08% 

Detection Diseases in Rice Leaf Using Deep 

Learning and Machine Learning Techniques 

[11] CNN 

Random 

Forest K-

Nearest 

Neighbors 

80% 

96% 

72% 

Detection and Classification of Rice Plant Diseases 

Using Image Processing Techniques 

[1] SVM 

K-NN 

Leaf blight 

89.19% 

Brown spot 

82.86% 

Leaf blast 

89.19% 

An Efficient Disease Detection Technique of Rice 

Leaf Using AlexNet 

[9] AlexNet 99% 

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 

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 c fuzzy clusters, given several clusters c. 

According to [6], the binary images were first 
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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 using 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 VGG19 

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. 

[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 image 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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FORENSIC SKETCH CREATION AND 

CRIMINAL DETECTION SYSTEM 

 

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. 

I. INTRODUCTION 

Forensic sketch creation and criminal detection systems 

play a pivotal role in modern criminal investigations by 

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, 
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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. 

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 AI 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. 
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 B. Facial Sketch Construction 

The user 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, DeepID, 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 

 Python 3.12, OpenCV, NumPy, Pillow, 

face_recognition, dlib. 

 Pre-trained models for facial recognition and 

landmark detection. 

B. Hardware Requirements 

 Processor: Multi-core processor recommended 

for face detection/recognition 

 RAM: Minimum 4GB, 8GB or more 

recommended 

 Storage: At least 1GB free space for the 

application and its dependencies 

 Graphics: Basic graphics capability for GUI 

operations. 

C. Core Libraries 

 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 

 shape_predictor_68_face_landmarks.dat 

 shape_predictor_5_face_landmarks.dat 

 dlib_face_recognition_resnet_model_v1.dat 

 mmod_human_face_detector.dat 

E. Operating System Compatibility 

 Windows (confirmed by the presence of 

Windows-specific wheel files) 

 Other operating systems may require 

different dlib installation methods. 

VII. PROPOSED SYSTEM ARCHITECTURE 

 

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. 



 

10 | P a g e  
 

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. 

I. 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. 

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 AI-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 AI-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. AI-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. 
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XII. LITERATURE REVIEW (UPDATED 

REFERENCES 2020-2024) 

A. Recent advancements in AI-based forensic facial 

recognition have enhanced suspect identification 

accuracy. Studies highlight deep learning, CNNs, and 

GANs 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 AI-

driven forensic recognition techniques like FaceNet, 

showcasing deep learning’s role in performance 

enhancement. 

These studies guide our AI-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. 

I. 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 

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 

mailto:sudiptahazra.nitdgp@gmail.com
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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 ANNs 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 

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 
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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. 

 

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 (R²). 

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 

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 

 

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 
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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. 

 

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. 
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(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 

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 
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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. 

III.  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. 

 

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 

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.  

 

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 

a node, and C is the total number of classes. 

Entropy= -∑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. 

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/N∑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: 

 The margin between classes is maximized. 

 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^i)+(1−yi)log(1−y^i)](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. 
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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 

Positive 

(TP) 

True 

Negative 

(TN) 

False 

Positive 

(FP) 

False 

Negative 

(FN) 

Logistic 

Regression 

437 147 15 54 

Decision 

Tree 

Classifier 

464 150 15 21 

Random 

Forest 

482 150 15 3  

SVC 484 144 21 1 

 

TABLE II. CONFUSION MATRICES FOR ML MODELS 

WITH SMOTE DATA 

Model True 

Positive 

(TP) 

True 

Negative 

(TN) 

False 

Positive 

(FP) 

False 

Negative 

(FN) 

Logistic 

Regression 

444 158 11 43 

Decision 

Tree 

Classifier 

470 152 12 18 

Random 

Forest 

490 155 10 5 

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 

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. 

 

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%), F1-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 

Regression 

67% 46% 53% 81% 

Decision 

Tree 

Classifier 

71% 68% 61% 89% 

Random 

Forest 

81.8% 62% 69.8% 93% 



 

21 | P a g e  
 

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 

APPLYING SMOTE 

Model Precision Recall F1 Accuracy 

Logistic 

Regression 

79% 56% 65% 89% 

Decision 

Tree 

Classifier 

71% 74% 73% 95% 

Random 

Forest 

Classifier 

94.8% 69% 79.8% 97% 

SVC 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 

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. 

D. Impact of Hyperparameter Tuning on Model 

Performance 

Model Precisi

on 

(Befor

e) 

Precisi

on 

(After) 

Recall 

(Befo

re) 

Reca

ll 

(Aft

er) 

F1 

Score 

(Befo

re) 

F1 

Scor

e 

(Aft

er) 

SVC 81% 89% 53.3

% 

67.5

% 

45.4

% 

65.8

% 

Decisi

on 

Tree 

Classif

ier 

71% 79% 68% 65% 61% 77% 

 

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 Classifier—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 F1-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 
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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 

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. 
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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  

|ψ⟩ can be expressed as:   

|ψ⟩ = α |0⟩ + β |1⟩ 
where α and β are complex amplitudes satisfying |α|2 + |β|2 

= 1. Measurement in the computational basis collapses |ψ⟩ 
into |0⟩ or |1⟩ with probabilities |α|2 and |β|2, 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]. 

 
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. 

Additionally, quantum error correction methods are 

highlighted as crucial elements for enhancing quantum 

computation reliability. 

Trapped ion qubits, pursued by IonQ 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: 

 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]. 

 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-iHt can then be approximated by Trotter 

expansions or more advanced decomposition 

schemes. 

 Variational quantum eigensolver (VQE) and 

quantum approximate optimization algorithm 

(QAOA): These hybrid methods combine classical 

optimization routines with quantum subroutines. 
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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. 

 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. 

 

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. 

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: 

𝐻 = ∑ ℎ𝑝𝑞

𝑝𝑞

 𝑎𝑝
†𝑎𝑞 + 

1

2
∑ ℎ𝑝𝑞𝑟𝑠

𝑝𝑞𝑟𝑠

𝑎𝑝
†𝑎𝑞

†𝑎𝑟𝑎𝑠
2 

where 𝑎𝑝
† and 𝑎𝑞 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 
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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. 

 

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: 
𝜕𝑝

𝜕𝑡
+  𝛻. (𝜌 𝑣) =  0, 

𝜕(𝜌 . 𝑣)

𝜕𝑡
+ 𝛻. (𝜌𝑣𝑣) =  −𝛻𝑝 +  𝛻. 𝜏, 

where ρ is density, v is velocity, p is pressure, and τ 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 

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 10-3 or 10-4 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. 
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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 

coprocessor. 

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 

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 
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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 

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.           

I. 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 

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:  

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

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. 

Fig. 2. Schematic diagram of the PV system with PI-based 

MPPT controller 

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]. 

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

𝐼𝑡 = 𝐼𝑝ℎ − 𝐼𝐷 − 𝐼𝑠ℎ = 𝐼𝑝ℎ − 𝐼𝐷 − (𝑉𝑡 + 𝐼𝑡𝑅𝑠)/𝑅𝑠ℎ                                                                                           

(1) 

where, 𝑅𝑠 = photo generated current in the cell, 𝐼𝐷 = diode 

current, 𝑅𝑠 = series resistance, 𝐼𝑠ℎ = current through shunt 

resistance and 𝑅𝑠ℎ = 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 (𝑉𝑖𝑛). 

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 

(𝑉𝐿) is: 

                                𝑉𝐿 =
𝑉𝑖𝑛

1−𝐷
                                  (2) 

Widely applied in renewable energy systems, it plays a 

critical role in optimizing energy capture and facilitating 

maximum power point tracking [4]. 

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: 
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 Step – 1: A SIMULINK model based on the 

original system corresponding to Fig. 2 is 

designed (but without MPPT & PI controller). 

 Step – 2: Data is being collected for Duty ratio 

(𝐷 ), as input and load voltage (𝑉𝐿), as output 

from SIMULINK simulations. 

 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 𝑘𝑡ℎ 

iteration. 

Fig. 5. Flow chart of P & O algorithm 

E. PI-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), 

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) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖   ∫ 𝑒(𝑡)𝑑𝑡
 

 
                (3) 

where: 

 𝐷(𝑡) is the duty cycle of the DC-DC converter. 
 𝐾𝑝 and 𝐾𝑖 are the proportional and integral 

gains, respectively. 
 𝑒(𝑡) is the error signal. 

IV. RESULTS 
This work incorporates a PV system with a PI-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. 

TABLE I.  SPECIFICATION OF PARAMETERS 

Parameters Specification 

PV System 

PV Panel Model 
1Soltech 1STH-215-

P 

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   29V 

Number of Panels in series 

connection, 𝑁𝑆 
10 

Number of parallel strings of 

Panels, 𝑁𝑃  
47 

DC-DC Boost Converter  

𝐶𝑖𝑛 1000µF 

𝐶𝑜𝑢𝑡 4000µF 

𝐿  1.25mH 

Switching frequency 𝑓 10kHz 

Fig. 6. Waveform of PV system – I-V & P-V curves 
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The I-V and P-V curves of PV system under STC [at 

1000W/m2 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 × 108 × 𝑠

𝑠2 + 4.9828840181 × 103 × 𝑠 + 1.1913922482 × 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 3rd 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. 

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. 

Fig. 8. PV module and converter outputs without PI 

controller 

Now the transfer function model has been used to find the 

PI-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 (𝑒𝑠𝑠) 0 

Settling Time (𝑇𝑠) 1.033 seconds 

Overshoot (𝑀𝑝) 0.501% 

Rise Time (𝑇𝑟) 
756.044 milli-

seconds 

The details of the PI-controller parameters for this 

mentiond performance are found to be as follows: 

[𝐾𝑝 𝐾𝑖] = [0.0253184686239311 

0.00944162171794273] 

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. 

Fig. 10 Closed-loop representation of the identified model 

[T(s)] 

With this PI-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 
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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. 

Fig. 11 PV output voltage variation 

Fig. 12 PV output current variation 

Fig. 13 Converter output voltage variation 

Fig. 14 Converter output current variation 

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 I). 
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. 

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 
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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 

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 AI-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 
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[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: 

 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). 

 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. 

 

 
Fig. 1. Block Diagram 

B. Hardware Components  

 

TRANSMITTER MODULE 

COMPONENT 

NAME 

PURPOSE QUANTIT

Y 

PUSH BUTTON DIRECTION INPUT 4* 

ESP32  MICROCONTROLLE

R 

1 

16X2 LCD 

DISPLAY 

DISPLAY 

INTERFACE 

1 

RECHARGEABL

E CELL 

POWER SUPPLY 3-4 

 

RECEIVER MODULE 

COMPONENT 

NAME 

PURPOSE QUANTIT

Y 

ULTRASONIC 

SENSOR 

DEPTH 

MEASUREMENT 

1 

MOTOR DRIVER MOTOR CONTROL 1 

ESP32  MICROCONTROLLE

R 

1 

DC MOTOR PROPULSION 2 

RECHARGEABL

E CELL 

POWER SUPPLY 3-4 

 

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 

 The ESP32 microcontrollers are programmed using 

Arduino IDE with C/C++. 

 The transmitter module processes user input from push 

buttons and sends directional commands via Wi-Fi 

 The receiver module decodes incoming signals, controls 

motor movement, and processes sensor data. 

 The receiver model sends the depth data continuously 

through Bluetooth. 

 The transmitter receives the depth data (analog value) 

and display it in the LCD 

II. Communication Protocol 

 Wi-Fi Communication: Used for transmitting control 

signals from the transmitter module to the receiver 

module, ensuring real-time operation. 

 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 16×2 LCD. 

III. Sensor Data Processing 

 The ultrasonic sensor continuously measures depth and 

sends data to the microcontroller. 

 Depth readings are displayed on the 16×2 LCD of the 

transmitter module in real-time. 
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 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 16×2 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. 

 

Fig. 3. Receiver module 

 

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 16×2 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 
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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 

 

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: 

 

 
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 
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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. 

iii. ROV Movement & Response Time 

 The ROV responded to movement commands 

with an average delay of 50ms, 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 = P x t 

Where, 

E= energy consumed P= power consumption 

t= time of operation. 

Since power is given by    P = V x I 

Where,  V= voltage I- current  

 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 

I. Signal Interference Issues 

 Wi-Fi communication was affected in enclosed 

water bodies due to signal reflection. 

  

 Bluetooth depth transmission degraded beyond 

10m range, requiring a potential alternative like 

LoRa or RF-based systems. 

II. Power Limitations 

 The battery capacity limits the operational time of 

the ROV, necessitating an optimized power 

management system. 

III. 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 AI 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. 
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 Autonomous Navigation: Implement AI-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 

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 useful in predicting 

cardiovascular diseases (Theerthagiri et al., 2021; 

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 
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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 Naïve 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 

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. 

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. 

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 

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.  

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

               X=X [ Xfeature < Q0.99]                           (1) 

where Q0.99 is the 99th percentile of the feature distribution. 

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

        Xscaled = (X − μ)/σ                               (2)  

where μ represent the mean and σ 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,f2,…..,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 
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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 ξi to allow misclassification:  

min
𝑤,𝑏,ξ

1

2
||𝑤||2 + 𝐶 ∑ ξ𝑖

𝑁
𝑖=0                                           (4) 

subject to: 

                yi(wTxi+b)>=1- ξ𝑖, ξ𝑖 ≥ 0                                       (5) 

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 (γ) 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. 

 

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. 

Fig 4: ROC Curve 

The Proposed model achieved an AUC of 0.98, demonstrating 

its effectiveness in classification than existing model. 
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IV. CONCLUSION 

Using RandomizedSearchCV, the optimal SVM model is 

selected, ensuring improved accuracy and generalization. This 

method efficiently finds the best combination of C, kernel, 

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.  

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 

disease 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 

(7). 

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 
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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 

 

 

 

 

 

 

 

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 
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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. 

Thyroid Function Includes TSH, T3, and 

T4 levels, essential for 

evaluating thyroid 

activity. 

Physical Examination Clinical assessment 

including palpation of 

nodules and 

lymphadenopathy. 

Adenopathy Presence of lymph node 

enlargement, often 

indicating advanced 

disease. 

Risk Stratification of 

malignancy likelihood 

based on clinical and 

molecular factors. 

T (Tumor Size) Part of TNM staging, 

assessing primary 

tumor dimensions. 

N (Lymph Node 

Involvement) 

Evaluates the spread to 

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. 
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T4 (ng/dL) Critical in diagnosing 

thyroid dysfunction. 

BRAF Mutation Status Presence of BRAF 

V600E mutation, 

indicating aggressive 

tumour behaviour. 

Family History of 

Thyroid Cancer 

Genetic predisposition 

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. 

Iot-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 AI-based models for diagnosis. Current 

studies have elucidated the application of IoT in thyrotroph 

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, AI 

models) 

Application Layer (User interfaces, mobile apps, hospital 

monitoring systems) 

These elements, coupled with AI-based predictive models, 

enhance diagnostic performance, reduce the need for invasive 

testing, and facilitate remote observation of thyroid patients 

 

 

 

 

 

 

 

 

 

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 

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. 

BRAF 

Mutation 

Status 

Presence of BRAF V600E mutation, 

indicating aggressive tumour behaviour. 

Family 

History 

of 

Thyroid 

Cancer 

Genetic predisposition influencing cancer 

risk. 
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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 IoT framework was designed to collect and transmit 

real-time patient health data. The framework includes: 

 Wearable Sensors: Collect real-time vitals like 

temperature, heart rate, and metabolic rate. 

 Cloud-based Database: A secure database stores 

sensor data and medical history. 

 Edge Computing Devices: Preliminary data 

processing is done on IoT edge devices to reduce 

latency. 

 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: 

 Artificial Neural Networks (ANN): A deep 

learning approach using a multi-layer perceptron 

(MLP) to classify thyroid cancer. 

 Logistic Regression (LOR): A statistical model for 

binary classification (benign vs malignant tumors). 

(i) ANN Model Implementation 

 Architecture: Multi-layer Perceptron (MLP) with 

three hidden layers. 

 Activation Function: ReLU for hidden layers and 

Softmax for output layer. 

 Optimizer: Adam optimizer with a learning rate of 

0.001. 

 Loss Function: Cross-entropy loss. 

 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  

(ii) Logistic Regression Model Implementation 

 Features normalized using MinMax scaling. 

 Model trained using gradient descent optimization. 

 Evaluation based on accuracy, precision, recall, and 

F1-score. 

E. Model Evaluation and Comparison 

Both models were evaluated using: 

 Accuracy: Percentage of correct predictions. 

 Precision & Recall: Measures for detecting 

malignant cases. 
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 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 

 Challenges: Data scarcity, computational 

constraints, and variability in healthcare 

infrastructure across India. 

 Future Scope: Expanding datasets, improving 

model accuracy with hybrid AI 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 IoT and AI-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 F1-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. 

 Gaussian NB achieved a testing accuracy of 

89.61%, but its recall for class 1 (63%) suggests 

difficulty in correctly identifying positive cases. 

 DecisionTreeClassifier demonstrated 100% 

training accuracy and 93.51% testing accuracy, 

indicating a possible overfitting issue. 

 KNeighborsClassifier performed similarly to 

GaussianNB, with 89.61% test accuracy, but with 

a lower recall (63%) for class 1. 

 RandomForestClassifier stood out with 97.40% 

test accuracy, showing strong classification 

ability across both classes. 

 LogisticRegression and AdaBoostClassifier both 

reached 94.81% test accuracy, with AdaBoost 

providing more balanced recall and precision. 

 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. 

 

RandomForestClassifier, XGBClassifier, and 

AdaBoostClassifier demonstrated the best performance in 

this classification task. 

DecisionTreeClassifier exhibited overfitting, which 

could be addressed with pruning or hyperparameter tuning. 

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, 
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scalability, and infrastructure needs. The opportunities for 

enhancing early thyroid cancer detection accessibility will 

be investigated, together with the consequences on patient 

outcomes. 

 

Graphs representing Accuracy and Loss 

The training and validation performance of the model is 

depicted in the accuracy and loss graphs. 

 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. 

 Training and Validation Loss (Right Graph) 

The training loss decreases steadily, showing 

continuous learning and optimization. However, 

the validation 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. 

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 F1-score) for different classification 

models evaluated on a dataset with a support size of 77. 

Among the models tested: 

 The Gaussian Naïve Bayes (Gaussian NB) model 

shows the poorest performance with an accuracy of 

28.57%, significantly lower than other classifiers. 

 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. 

 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 

Naïve 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 
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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: 

 Hyperparameter tuning to optimize other models 

for better performance. 

 Feature selection or engineering to identify the 

most important variables contributing to 

classification. 

 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 AI 

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 

IoT-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 AI-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. 

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 IoT 

devices, improving the accuracy of AI algorithms, and 

integrating IoT 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 

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 

c) 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
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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 seeks 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. 

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). 

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. 

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. 

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. 
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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. 

 

Fig. 5. Code implementation process ensures the 

correctness, completeness, security, and quality 

Let’s see the implementation of face recognition in step 

by step. 

 

 

 

 

 

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 

 

Fig. 7. Inserting Students’ Data into Database 

Student data is collected using Student dashboard and 

stored in student database. 

 

C.   Take Image Page 

 

 

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 

 

 

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 

 

Fig. 11. Attendance entry of the students 

 

After recognizing the student’s faces, the attendance of 

that student is stored in the excel sheet. 

 

 

 

 

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 using 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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COST-EFFICIENT HOME AUTOMATION & 

DIGITAL LOCKING SYSTEM 

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 

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 
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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 

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 fig1.The steps 

how the locking system works is shown by the help of a 

flow chart as shown in the fig 2. 

 

 
Fig 1. Block diagram of Digital Locking System. 

 

 

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 



   

 

65 | P a g e  
 

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. 

 

 

Fig 3. Block diagram of the working of IR counter 

 

 

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. 

 

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. 

 

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. 
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Fig 7. Aurdino UNO 

Table I. Specification of Aurdino UNO 

 

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. 

 

Fig 8. RFID sensor 

 

Fig 9. RFID tag. 

 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. 

 RST:- This pin is use to reset the module. 

 GND:- This pin connects to the GND pin of 

Arduino. 

 IRQ:- This is blocking or interrupt pin that can 

alert the microcontroller when it comes around 

the RFID tag. 

 MISO/SCL/TX:- This pin is Master-In-Slave- 

Out. It acts as serial data output and connects to 

the Arduino RX pin. 

 MOSI:- Master-Out-Slave-In pin is SPI input to 

the RC522 module. 

 SCK:– Serial Clock is accepting clock pulses 

provided by Arduino. 

 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 

 

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. 

 

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 
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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 displaying16 

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 I2C 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 I2C 

address across the serial data channel, the controller device 

can connect to any target device. 

Fig 13.12C Module 

 

H. DC Servo Motor 

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 

VI. 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. 

 

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 
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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 AI 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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ADVANCEMENTS IN SOLAR ENERGY 

HARVESTING: THE ROLE OF CARBON 

NANODOTS IN PHOTOVOLTAIC CELLS 
 

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 (Förster 

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 

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 CO2 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]. 
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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. A SOLAR CELL 

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]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

III.A. FIRST GENERATION SOLAR CELL 

First-generation silicon wafer-based solar cells include 

two types: a) monocrystalline and b) polycrystalline 

photovoltaic cells. 

III.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. 

III.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. 

III.E. 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. 

III.F. 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. 

III.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. 

III.H. COPPER INDIUM GALLIUM DI-SELENIDE 

(CIGS) HYBRID SOLAR CELLS 

CIGS solar cells are mainly used in research, with limited 
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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. 

III.I. 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. 

III.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(II), 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. 

 

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 

form. 
VI. MULTI JUNCTION SOLAR CELL 

Table I. A concise and comparative studies have been 

conducted on different types of solar cells 

 
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%. 
VIII. RECENT AND ADVANCED DEVELOPMENT IN 

SOLAR CELL 

Solar cells have shown great potential in providing carbon-



   

 

72 | P a g e  
 

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.A. USE OF CQDS 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 CQDS 
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 

nm is due to the 
sition of C=C bonds, whereas the peak 

appeared around ~340 nm arises 

of carbonyl (C=O) 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. 

 
Fig. 4. Absorption spectrum CD; (a) Broad spectral 

profile, 

(b) absorption bands corresponding to π−π∗ and n−π∗ 

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. 

 
 
Fig. 5. A spectra of as-synthesized carbon dots (CDs) (a) 
absorption and emission spectrum, (b) photoluminescent 

activity of synthesized CDs 
VIIIC. USE OF CQDS 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 TiO₂ photo 
anodes with graphene quantum dots extends their 
absorption to longer wavelengths, while embedding N-
doped CQDs in TiO₂ 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 
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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. Common HTLs, such as 
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 

(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]. 
VIII.E. USE OF CQDS 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 (SnO₂), 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, 

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 

I. 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 (β), 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 

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 
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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 (β), 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: 

 

where:  

• βi,t: The dependent variable, representing equity 

risk 

(Beta) for firm i at time t. 

• α: The intercept, represents the baseline 

Beta when all predictors are zero. 

• β1: The coefficient of the independent 

variable Xi,t, which measures its impact on 

Beta. 

• Xi,t: Independent variables such as investment 

decisions, liabilities, or working capital. 

• ϵi,t: 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: 

 

However, GLS introduces a weighting matrix (Ω) to 

account for heteroscedasticity and autocorrelation: 

 
• Ω: 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 
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entity- specific characteristics influence the 

dependent variable (β) but remain constant over time. 

It controls for these unobserved characteristics by 

allowing each entity to have its unique intercept: 

 

where: 

• αi: 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 αi. 

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: 

 

where: 

• ui: Random effect for entity i, assumed to be 

normally distributed with mean zero. 

• ϵi,t: 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 (β) 

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. 

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 
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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 using 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 AI 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, AI- 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 

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 F1score evaluation 
metrics were employed. With an F1-score of up to 0.8, a concept-based 
similarity approach—like 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 
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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 

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]. 
 

III. 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. 

 
 

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 

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. 
 

 

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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Fig.4. Model Loss (Training vs Validation) 

 
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 

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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MEASUREMENT OF HEALTHY AND 
UNHEALTHY LEAVES USING IMAGE 

PROCESSING 
 

 

 
 
 

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 

systems, diseases affecting the leaves of rice and wheat are the 

main concern. The suggested framework is 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  
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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. 

 

 

 

Fig. 1. Confusion Matrix 

 

Fig. 2. Accuracy and Loss 

 

 

III. 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 
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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 image sizes and normalization. The data 

augmentation techniques such as rotation, shift and zooming 

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. 
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V. MODEL COMPARISON 

This table provides a comparison between different architectures 

against their parameters, strengths, weaknesses, and suitability 

for research. VGG16 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 

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. 
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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. 
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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 

accuracy (~92.5%) but with a more involved 

implementation, making MobileNetV2 easier to deploy. 

MobileNetV2 employs the inverted residual blocks, 

thus highly optimized for edge applications compared to 

needs ~300M FLOPs, whereas ResNet50 and 

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 

power consumption, thereby highly suitable for 

practical applications on the farm with limited 

computational capability. 
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VIII. CONCLUSIONS 

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 

early and better identification of diseases thus ensuring security of 

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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TOWARDS AN EFFICIENT UTILIZATION 

OF FOG RESOURCES 
 

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 

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 Iot 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 IoT, 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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Figure 2.1: Relation between the three layers to 

relate closer to each 

 
 

Simply the reason Fog over Cloud Computing: 

 Managing private data centers for clients 

dealing with batch processing, web 

applications, storage resources, and network 

communication costs. 

 The existing cloud computing architecture 

rarely meets the needs for mobility assistance, 

location awareness, and low latency. 

 Existing data protection mechanisms, such as 

encryption, fail to protect data from attackers 

effectively. 

 It is not confirmed whether the user is authorized or 

not. 

 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 AI integration, providing critical evaluations and 

comparative analyses. Future directions include advanced 

AI 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 IoT environments. 

Atiq et al.[7] discuss resource allocation challenges in IoT 

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 latency, 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 
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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 

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. 

III. Proposed Methodology & Discussion 

III.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 
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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. 

III.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. 

 
 

 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. 

 Action: Sort data based on the chosen 

priority metric. 

 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. 

 Action: Allocate resources and balance 

load across the fog network. 

 Output: Optimally allocated resources that 

improve energy efficiency and performance. 

III.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. 
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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. 

III.D 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. 

 

 

  
 

IV. Result & Discussion 

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. 

Figure 3.2: Architecture of the Proposed Method 



   

 

98 | P a g e  
 

• 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: 

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. 

• 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. 

 

 

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. 

 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. 

 Initial Energy Level: At time t=0, the system 

starts with a predefined energy level (e.g., 

energy threshold of 100% or initial value). 

 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). 

 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, 

Figure 4.1: Time vs Packet sent status 
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Figure 4.2: Time vs Energy Level Diagram 

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. 

 

 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: 

 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. 

 

 

 

 

 

 

 

 

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-

Figure 4.3: Packet sent vs not sent Status 
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making processes, reducing latency, and optimizing 

resource allocation in large-scale networks. Further 

validation in varied deployment scenarios will be essential 

for ensuring robustness and efficiency in real- world 

applications. 
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IN DEPTH ANALYSIS AND PREDICTION OF 

GLOBAL TERRORISM: A SYNERGISTIC 

APPROACH USING EDA AND ADVANCED ML 

MODELS 

 

Abstract— Global terrorism is a far-reaching 

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 

millions around the world. Contemporary terrorism affects a 

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 
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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 

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 
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something actionable, is also a focus area in applied research, and 
one example would be explainable AI 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 

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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Fig-2. Correlation Between Attack Type and Success 
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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 

F1-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 SimpleImputer 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 

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 F1-score indicates how well the parameters, precision and 

recall are balanced and is defined as: 

F1-score = 2 * precision * recall / (precision + recall) 
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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 

 

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 

 

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, 



   

 

107 | P a g e  
 

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. 

VIII. 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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