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CRITERION III - RESEARCH, INNOVATIONS AND EXTENSION 

Key Indicator 3.3 - Research Publications and Awards 

Metric No Assessment Indicators Evidences 

3.3.2 

 Number of research papers per 

teachers in the Journals notified on 

UGC website during the year 

List of research papers 

Copy of paper/Certificate 
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List of Research Papers 

SN 
Title of paper Name of the author/s Department of the 

teacher 

1 

A Hilbert Transform Based 

Approach for Classification of 

Complex Power Quality 

Disturbances 

Sneha Khodke, 

Ravishankar Kankale, Dr 

Sudhir Paraskar   Electrical 

Engineering 

2 

, “A Hilbert Transform Based 

Approach for Classification of 

Power Quality Disturbances”,  

 Sneha Khodke, 

Ravishankar Kankale, Dr 

Sudhir Paraskar and Dr. 

Saurabh Jadhao 

 Electrical 

Engineering 

3 ”Battery State of Charge Estimation 

Methods – A Critical Review” 

 P.R.Dhabe Dr Sudhir 

Paraskar and Dr. Saurabh 

Jadhao 

 Electrical 

Engineering 

4   “Comparative Analysis Of Various 

Methodologies For Voltage Swell 

And Sag Detection In Online And 

Offline Conditions “  

G. N. Bonde, Dr. S. R. 

Paraskar, V. S. Karale, R. 

Z. Fulare, Dr. S. S. Jadhao

 Electrical 

Engineering 

5  “Hilbert Transform Based 

Approach for Detection and 

Classification of Power Quality 

Disturbances”,  

Ravishankar S. Kankale, 

Dr. S. R. Paraskar, Dr. S. S. 

Jadhao, 

 Electrical 

Engineering 

6 Analysis of Neuro Fuzzy based 

STATCOM and SSSC 

R.K.Mankar       

Dr.Anjali U. Jawadekar 

 Electrical 

Engineering 

7 PCA and ANN Based Induction 

Motor Fault Classification 

Mukesh R. Chavan  Anjali 

U. Jawadekar

 Electrical 

Engineering 

8 SOBI-ANN Based Induction Motor 

Fault Classification  

Mukesh R. Chavan  Anjali 

U. Jawadekar Danton Diego

Ferreira

 Electrical 

Engineering 

9 Analyzing Polar Decoding 

Approaches: A Comparative Study 

S. P. Badar and K. 

Khanchandani, 

Electronics and 

Telecommunication 

Engineering   

10 Statistical Analysis of Retinal Image 

Processing Techniques from an 

Empirical Perspective 

Rupesh Mundhada, Dr D.D. 

Nawgaje 

Electronics and Tel 

comm  
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11 U-Net-based gannet sine cosine

algorithm enabled lesion

segmentation and deep CNN for

diabetic retinopathy classification

Rupesh Mundhada, Dr D.D. 

Nawgaje 

Electronics and Tel 

comm  

12 A survey on Motion Artifact 

Correction in Magnetic Resonance 

Imaging for Improved Diagnostics 

Manish N. Tibdewal Electronics and 

Telecommunication 

Engineering   

13 Performance Analysis of Un-doped 

and Doped Titania (TiO2) as an 

Electron Transport Layer (ETL) for 

Perovskite Solar Cells 

Neerja Dharmale, Aadhityan 

A , Ashutosh Srivastava and 

Saurabh Chaudhury 

Electronics and 

Telecommunication 

Engineering   

14 Evaluating the Effect of Metal, 

Nonmetal, and Co-doping on 

Brookite TiO2 

Neerja Dharmale.rupesh 

Mahamune,Modugu 

Krishnaiah ,Jayant Kumar 

Kar  

Electronics and 

Telecommunication 

Engineering   

15 A powerful method for interactive 

content-based image retrieval by 

variable compressed convolutional 

info neural networks 

Vishwanath S. Mahalle, 

Narendra M. Kandoi, 

Santosh B. Patil 

Electronics and 

Telecommunication 

Engineering   

16 Denoising of motion artifacted MRI 

scans using conditional generative 

adversarial network 

Vijay Tripathi, Manish 

N.Tibdewal

Electronics and 

Telecommunication 

Engineering   

17 A survey on Motion Artifact 

Correction in Magnetic Resonance  

Imaging for Improved Diagnostics 

Vijay Tripathi, Manish 

N.Tibdewal

Electronics and 

Telecommunication 

Engineering   

18 Enhancing thermal efficiency of 

cookware through fin implantation:  

experimental analysis and numerical 

validation 

Prof.S.P. Joshi Mechanical  

Engineering  

19 CFD Analysis and Validation of 

Axial Compressor Rotor Blade 

Prof. S.Q.Syed Mechanical  

Engineering  

20 Design and Development modified 

seed sowing machine  

Prof. N. B Borkar,        Prof. 

C. V. Patil

Mechanical  

Engineering  

21 Review on design and fabrication of 

solar panel cleaning mechanism 

Dr. Nilesh Khandare Mechanical  

Engineering  
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22 Review on Sanitary Waste 

Management with the Help of 

Incinerator 

Prof. K. V. Chandan Mechanical  

Engineering   

23 Performance analysis of 

photovoltaic panel using machine 

learning method 

Prof. G. S. Wahile,              

Dr. S. P Trikal 

Mechanical  

Engineering   

24 A Novel Approach to Fake News 

Detection Using Generative AI 

Dr. Jaikumar M. Patil Computer Science 

and Engineering 

25 Studies on the Use of Various Noise 

Strategiesfor Perturbing Data in 

Privacy-Preserving Data Mining 

Dr. Jaikumar M. Patil Computer Science 

and Engineering 

26 Mobile Cum Web BasedVoting 

System for Rural Areas in India 

Prof. C. M. Mankar Computer Science 

and Engineering 

27 An Enhanced Query Optimization 

Implemented in Hadoop using Bio- 

Inspired Algorithm with HDFS 

Technique 

Prof. V. S. Mahalle Computer Science 

and Engineering 

28 

A powerful method for interactive 

content - based image retrieval by 

variable compressed 

convolutional infoneural networks 

Prof. V. S. Mahalle, 

Narendra M.Kandoi, 

Santosh B. Patil 

Computer Science 

and Engineering 

29 
Efficient Content Based Image 

Retrieval System Based on Early 

and Late Fusion Technique 

Prof. V. S. Mahalle, 

Narendra M.Kandoi, 

Santosh B. Patil 

Computer Science 

and Engineering 

30  

Detection of Insects and Pests in 

Agriculture Field using MobileNet 

Prof. V. S. Mahalle Computer Science 

and Engineering 

31 Stock Market Prediction Module 

Using Ann & Swarm Intelligence 

Dr.Pankaj K. Bharne Computer Science 

and Engineering 

32 Enhancing Educational Experiences: 

A Personalized Course 

Recommendation System 

Employing Machine Learning 

Algorithms 

Kshitij Mahurpwar, Tushar 

Nimbolkar, Aryan Shah, 

Faizan Raza, A. S. Manekar 

Information 

Technology 

mailto:Email.%20%20%20principal@ssgmce.ac.in
mailto:registrar@ssgmce.ac.in


Shri Gajanan Shikshan Sanstha’s 

SHRI SANT GAJANAN MAHARAJ COLLEGE OF ENGINEERING 

SHEGAON – 444203, DIST. BULDHANA (MAHARASHTRA STATE), 

INDIA  
“Recognized by A.I.C.T.E., New Delhi” Affiliated to Sant Gadge Baba Amravati University, Amravati 

“Approved by the D.T.E., M.S. Mumbai”

Ph     +918669638081/82        Email.   principal@ssgmce.ac.in,  
Website- www.ssgmce.ac.in registrar@ssgmce.ac.in 

33 Exploring an Immersive AR/VR 

Pedagogical Approach: Experiential 

Learning for Autism Spectrum 

Disorder (ASD) Education 

Amitkumar Manekar, 

Vedant Gade, Rutuja 

Unhale, Harshit Manker, 

Riya Dhole 

Information 

Technology 

34 Bespoke Academic Guidance: 

Machine Learning for Course 

Recommendations 

Dr. A. S. Manekar, Tushar 

K. Nimbolkar, Kshitij

Mahurpwar, Mohd. Faizan

Raza, Aryan Shah

Information 

Technology 

35 Improving Autism Education: An 

Innovative Immersion AR/VR 

Pedagogical Method Using 

Experiential Learning 

Riya Dhole,Vedant Gade, 

Rutuja Unhale, Harshit 

Manker, Amit Manekar 

Information 

Technology 

36 Agile Database Maintenance: 

ChatGPT-Enabled EOL Data 

Verification and Updates 

Gauri Borle, Juee Gore, 

Riya Dangra, Amit Manekar 

Information 

Technology 

37 Enhancing Database Maintenance: 

Leveraging ChatGPT for Real-Time 

Verification and Updates of End-of-

Life (EOL) Data 

Gauri Borle, Juee Gore, 

Riya Dangra, Amit Manekar 

Information 

Technology 

38 Food Recommendation System 

Based on Geographical Location - 

DineLocate 

Harshit Dharmik, Karan 

Motwani,  Khushbu Pareek, 

Shraddha Tikar, M. Faizan 

I. Khandwani

Information 

Technology 

39 A Survey of Student Education 

Platform 

Sanket Gode, Prajwal 

Gawande, Vaishnavi 

Dabhade, Saurabh 

Wankhade, M. Faizan I. 

Khandwani 

Information 

Technology 

40 A Survey of Various 

Recommendation Systems 

Harshit Dharmik, Karan 

Motwani,  Khushbu Pareek, 

Shraddha Tikar, Faizan 

Khandwani 

Information 

Technology 

41 Analysis of Fruit Identification and 

Nutritional Assessment 

Dr Sagar D Padiya, Saurabh 

S Yengade, Riya R 

Chikankar, Payal G 

Chavhan, Prashant G 

Dandage 

Information 

Technology 

42 Android Application for Activity 

Based Nutritional Needs 

Anushka Narkhede, Mandar 

Nashikkar, Sanjana 

Daberao, Rohan Gaykwad, 

Mrs. P. P. Bute 

Information 

Technology 
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43 A Survey of Android Application 

for Activity Based Nutritional 

Needs 

Anushka Narkhede, Mandar 

Nashikkar, Rohan Gaykwad, 

Sanjana Daberao, Mrs. P. P. 

Bute 

Information 

Technology 

44 A System for Recommending Food 

Based on User’s Health Preferences 

Pratik Diwan, Yash 

Dahiwale, Deepak Sangale, 

Sumit Muddalkar 

Information 

Technology 

45 Personalized Health-Centric Food 

Recommendation System 

Atharva Urade, Mohan 

Bhambere, Prathamesh 

Mahajan, Vaibhav 

Shirbhate, Sumit Muddalkar 

Information 

Technology 

46 A Survey of Integration into 3D 

Printing for Image Processing using 

AI ML 

Abhay Kadu, Pranav 

Kaware, Rushikesh Kaldate, 

Ayush Solav, Mrs. S. N. 

Khandare 

Information 

Technology 

47 Body Part Implant Dashboard for 

Real-Time Monitoring and 

Reporting 

Riddhi Gadewar, Pranjal 

Patil, Sakshi Dhakade, 

Gaurinandan Joshi, S. N. 

Khandare 

Information 

Technology 

48 Integration into 3D Printing for 

Image Processing using AI ML 

S. N. Khandare, Abhay 

Kadu, Pranav Kaware, 

Rushikesh Kaldate, Ayush 

Solav 

Information 

Technology 

49 VidMagic: Prompt to Image Clips Ms. Nayana Ghuikar, Mr. 

Tejas Moon, Mr. Prasad 

Bhagat, Mr. Sushant 

Chafale, Mr. Gaurav Sabe 

Information 

Technology 

50 Effective End-of-Life Management 

of Assets in Organization by 

Snowflake Integration 

Dr J. M. Patil, Prof. N. N. 

Ghuikar, Surabhi Lahoti, 

Aditya More, Kunal 

Chandore 

Information 

Technology 

51 Females’ Buying Behavior for Cell 

Phones- An Analytical Study 

Priyanka Gajanan Dahi Dr. 

H. M. Jha “Bidyarthi”

MBA 

52 “Balancing Books and Happiness: 

Understanding Job  Satisfaction in 

Banking Workforce of Akola 

Region” 

Mansi Vilas Bharane Dr. H. 

M. Jha “Bidyarthi”

MBA 

53 Breaking Barriers: Examining 

Women's Empowerment through 

Government Initiatives in 

Khamgaon 

Vishakha Vijay Tantak Dr. 

H. M. Jha “Bidyarthi”

MBA 
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54 Fortifying Financial Frontiers: 

Safeguarding  Online Banking in 

Chhindwara City 

Utkarsha Dhanraj Nitnaware                

Dr. H. M. Jha “Bidyarthi” 

MBA 

55 “Harvesting Opportunities through 

PMMY in Agribusiness - A Study 

of Pradhan Mantri Mudra Yojana's 

Contribution to Agricultural 

Development in Jalgaon Jamod” 

Aditya Haridas Sable Dr. H. 

M. Jha “Bidyarthi”

MBA 

56 Bits and Bytes of Change: 

Examining Digitalization's Impact 

on Khamgaon's Socio-Economic 

Fabric 

Akshay Arun Jadhao Dr. H. 

M. Jha “Bidyarthi”

MBA 

57 Empirical Study on Stock Surge in 

First Twenty  Years of 21st Century 

Investigating the Interplay between 

FDI, FII and Indian Market 

Dynamics 

Gaurav Ajay Varma Dr. H. 

M. Jha “Bidyarthi”

MBA 

58 “Harnessing Sunlight: A Probe into 

the PM-KUSUM Solar Initiative in 

Sangrampur Taluka” 

Mahesh Ratanlal Girhe Dr. 

H. M. Jha “Bidyarthi”

MBA 

59 Work Life Balance in Information 

Technology - A study in Yavatmal 

Region 

Anjali Dadubhaiya Rangari           

Dr. L. B. Deshmukh 

MBA 

60 Impact of Employee Motivation on 

Organization Productivity-A Study 

of Gajanan Industries Khamgaon 

Ku.Prachi Narayandas 

Sureka

Dr. L. B. Deshmukh 

MBA 

61 Competency Mapping and Training 

& Development 

Monika Kishor Ghawat Dr. 

L. B. Deshmukh

MBA 

62 A Study of Navigating the 

Landscape of Organic Farming: 

Analysing Challenges and Exploring 

Opportunities for Sustainability in 

Buldhana Region 

Vaibhav J Ahir

Dr. L. B. Deshmukh 

MBA 

63 The study on work life balance 

strategies and initiatives amongst 

working women in Buldana district 

Shruti Prakash Auti

Dr. L. B. Deshmukh 

MBA 

64 “Comparative Analysis Of 

Customer Satisfaction Towards 

Indian  Postal Services And State 

Bank Of India Services." 

Madhuri Vijay Nagalkar 

Dr. L. B. Deshmukh 

MBA 
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65 Analysis of Organized Retailers and 

their Strategies-A Study of Akola 

District 

ARJUN P. WASATKAR                       

Dr. L. B. Deshmukh 

MBA 

66 Impact of Digital Marketing on 

Buying Behavior of Select Product 

categories in Buldana Region 

Sumersing Barwal                   

Dr. L. B. Deshmukh 

MBA 

67 A Study On Customer Satisfaction 

Towards Honda Bikes With Special 

Reference To Apollo Enterprises 

Ganesh Arun Mandal                 

Dr. L. B. Deshmukh 

MBA 

68 A Study on Consumer Buying 

Behavior for Laptop in Khamgaon 

Region. 

Priya Devidas Mapari              

Dr. P. M. Kuchar   

MBA 

69 A Comparative Analysis of 

Fertilizer Practices in Soybean 

Farming: Organic vs. Chemical 

Approaches in Washim region 

Shubham D. Rathod                              

Dr. P. M. Kuchar 

MBA 

70 Involvement of Girls in Sports and 

Physical Activities: An Assessment 

of Initiatives from Government and 

Institutions 

Pratiksha Santosh Gawande                        

Dr. P. M. Kuchar 

MBA 

71 An Evaluation of Pradhan Mantri 

Awas Yojna In Tiosa Region 

Roshan Anil Karale            

Dr. P. M. Kuchar 

MBA 

72 Perspective towards 

Entrepreneurship – A Study of 

Students with Special Reference to 

Atmanirbhar Bharat 

Rushikesh Subhash 

Paulzagade                          

Dr. P. M. Kuchar 

MBA 

73 Effect of training and development 

on employee retention 

Pooja N. Thakare               

Dr. P. M. Kuchar 

MBA 

74 Insights into purchase decision and 

post-purchase behavior of selects 

bags 

Vaishnavi M. Tivhane Dr. 

P. M. Kuchar 

MBA 

75 Insights into purchase decision and 

post-purchase behavior of selects 

bags 

Vaishnvi A. Nimkarde Dr. 

P. M. Kuchar 

MBA 

76 “Scanning Inclusive Workplace – A 

Study of Select Organization” 

Vaishnavi Anil Hage Dr. M. 

A. Dande   

MBA 

77 A study of brand loyalty in tea 

powder market. 

Vishal gujar                           

Dr. M. A. Dande   

MBA 
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78 A Study of Impact of Organizational 

Culture on Employee Behavior and 

Performance 

Krushna J. Thakur            

Dr. M. A. Dande   

MBA 

79 Consumer Buying Behavior- “A 

Comparative Study Of Select Spices 

Brands” 

Ishan Pavan ShahDr. M. A. 

Dande   

MBA 

80 A Study of Emotional Intelligence 

As An  Employability Pre-Requisite 

Shrusti S. Purwar             

Dr. M. A. Dande   

MBA 

81 A Study on Diffusion of Innovation 

in Fintech Banking with a special 

Reference to Khamgaon Region. 

Sneha Sunil Wankhede Dr. 

M. A. Dande   

MBA 

82 A Study of Market Potential for 

Spirulina 

Pratik Pramod Dhage Dr. M. 

A. Dande   

MBA 

83 Empowering Women through Self-

Help Groups: An In-depth Study of 

Socioeconomic Development & 

Gender Equality 

Tanaya Ajay Mate           Dr. 

S. M. Mishra 

MBA 

84 A Study of Self-Help Groups And 

Women Empowerment In A Rural 

Area of The Akola Region 

Poonam P. Parchure  Dr. S. 

M. Mishra 

MBA 

85 Impact of Pradhan Mantri Ujjwala 

Yojana in Buldhana District 

Trupti Sunil Jamode Dr. S. 

M. Mishra 

MBA 

86 An Investigation into Factors 

Affecting Financial Exclusion in 

Rural Areas. 

Vitthal D. Ramekar         Dr. 

S. M. Mishra 

MBA 

87 Market Potential of Organic Food in 

Maharashtra Region(Vidharbha) 

Shubaham K Gade           

Dr. S. M. Mishra 

MBA 

88 “The Study on Analyzing the Impact 

of Social Media on Consumer 

Buying Behavior in the Khamgaon 

Region” 

Nagesh Banait                  

Dr. S. M. Mishra 

MBA 

89 " Study On Inclusive Growth Of 

Women's Empowerment, 

Challenges And Opportunities At 

Padegaon, Chhatrapati Sambhaji 

Nagar 

Sneha B. Gaikwad   Dr. S. 

M. Mishra 

MBA 

90 Navigating the workplace upheaval 

and its impact on employee 

retention and turnover 

Vashishtha D. Thakur            

Dr. S. M. Mishra 

MBA 
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91 An In-depth Analysis of Financial 

Literacy's Influence on Investment 

Behavior 

Siddheshwar Dilip Parihar 

Dr. S. M. Mishra 

MBA 

92 A study of factors and levels of 

satisfaction of employees in banking 

sector of Buldhana. 

Harshali S. Khandagale   

Dr. W. Z. Suliya 

MBA 

93 A Study of Work Life and 

Satisfaction of Employees in 

Banking Sector in Akola District 

Aishwarya Vinayak Tayade 

Dr. W. Z. Suliya 

MBA 

94 A Study on Satisfaction and 

Consumer Behaviour for Amul Milk 

in Buldana Region 

Swapnil Gajanan Ikhare  

Dr. W. Z. Suliya 

MBA 

95 A study on impact of social media 

on recruitment process of applicant's 

in Buldhana region 

Samruddhi Purkar       

Dr. W. Z. Suliya 

MBA 

96 A Study on Employee Engagement 

with Special Reference to Banking 

Sector 

Padmini Madhav Ingole  

Dr. W. Z. Suliya 

MBA 

97 A study of market potential analysis 

of e-bike in Shegaon region. 

Harshal Gawai

Dr. W. Z. Suliya 

MBA 

98 A study of work life balance and 

stress management approach of 

working women in the Khamgoan 

region 

Pallavi Ravindra sabe      

Dr. W. Z. Suliya 

MBA 

99 A study of mechanization of 

agriculture business in Akola region 

Dhanashree S. Deshmukh 

Dr. W. Z. Suliya  

MBA 

100 Study of comparative analysis of 

amazon and flipkart 

Vaishnavi Sachin Vaishnav 

Dr. W. Z. Suliya 

MBA 

101 "Weather and climate variability 

impact on farmers financial 

planning: A longitudinal study in 

khamgaon region" 

Shambala R. Mahokar     

Prof. V. V. Patil 

MBA 

102 Navigating the Digital Divide: 

Challenges Faced by Senior Citizens 

in Digital Banking Adoption 

Shraddha R. Gondchwar 

Prof. V. V. Patil 

MBA 

103 “The Influence of Fintech on 

Investment Patterns of Salaried 

Individuals” 

Kunal Sanjay Bhise         

Prof. V. V. Patil 

MBA 
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A Hilbert Transform Based Approach for Classification of 
Complex Power Quality Disturbances

ABSTRACT
This research work presents a Hilbert Transform-based   algorithm for categorizing Multiple and Multistage 
Power Quality Disturbances (PQDs). The MATLAB software combines a number of mathematical equations to 
create these power quality issues. These PQDs are produced by implementing a variety of mathematical equations 
in the MATLAB Environment. The multiple power quality issues considered in this study are voltage sag with 
harmonics, voltage swell with harmonics and voltage interruption with harmonics. The multistage power quality 
issues considered in this study are multistage voltage sag, multistage voltage swell, and multistage voltage sag 
with swell. These PQDs are processed using Hilbert Transform and PQ index curves are obtained from it. The PQ 
index curve is further used to extract four features namely F1, F2, F3, and F4. The thresholding-based algorithms 
are developed using the extracted features in order to classify the multiple and multistage PQDs.

KEYWORDS: Hilbert transform. Power quality index curve, Power quality disturbances

INTRODUCTION

For electric power providers and their customers, the 
quality of the electricity is now a crucial concern. 
The equipment utilised in electrical utilities today 

is more sensitive to the power quality. These devices 
have power electronic components, which are delicate 
to changes in power quality. Therefore, any disturbance 
in the voltage, current, or frequency of the power signal 
that may also have an impact on the customer’s side is 
referred to as a power quality issue. We must be able to 
recognise and categorise the disturbances into distinct 
sorts in order to identify their sources and causes. PQ 
disturbances comprise a variety of PQ phenomena, 
such as transients, interruptions, sags, swells, power 
frequency changes, long duration variations, and steady 
state variations, according to IEEE standard 1159-
1995 [1]. These Disturbances are the main culprits 
for power quality degradation. The signal processing 
techniques such as Fourier Transform (FT), short time 

Fourier Transform (STFT), wavelet transform (WT), 
Stockwell’s Transform (ST), Hilbert Transform(HT)
etc. have been utilized for the feature extraction to 
detect a particular PQ event available in the voltage 
signal[2]. Also ST with SVM used for classification 
of PQD [15]. The artificial intelligence techniques 
such as Artificial Neural network (ANN), Fuzzy logic, 
decision rules etc. have been used extensively for 
the classification of the PQ events [3]. Combination 
of features of Hilbert transform (HT) and Stockwell 
transform (ST) to identify the single-stage and multiple 
(multi-stage) power quality disturbances (PQDs)[4,5]. 
In [6] smart sensor based on Hilbert transform used for 
detection, classification, and quantification of PQD. An 
advance signal processing method that is Hilbert Haung 
Transform is used to classify the power quality event[7].

POWER QUALITY
As per IEEE power quality is define as “the concept 
of powering and grounding sensitive electronics 
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equipment in a manner that is suitable to the operation 
of that equipment”[8].

A. Voltage Sag: A voltage sag is a fall in the rms value 
of voltage or current between 0.1 and 0.9 pu at the 
power frequency over a time of between 0.5 cycle and 
1 minute.

B. Voltage Swell: A swell is defined as a rise in rms 
value of voltage or current between 1.1 and 1.8 pu at 
the power frequency for duration between 0.5 cycle and 
1 minute.

C. Interruptions: When the supply voltage or load 
current drops to less than 0.1 pu for more than a minute, 
an interruption occurs.

HILBERT TRANSFORM (HT)

From the input signal, the HT derives the discrete-time 
analytical signal. Complexity characterises the analytic 
signal. The imaginary component of which represents 
the 90° phase shifted version of the original signal, 
while the real part represents the original signal. The 
frequency and amplitude of the modified version of 
the original signal match those of the original signal. A 
time series’ instantaneous features are estimated using 
the HT.

In HT phase angle of all positive frequency spectral 
components of the given signals are shifted by -900    
and negative frequency spectral components of the 
given signal are shifted by 900. The resulting function 
of time is called Hilbert Transform of a signal. The 
amplitude spectrum of a signal is unchanged only phase 
spectrum is changed. HT does not bring about a change 
of domain. The HT x^(t) of a signal x(t) is obtained by 
convolving x(t) with 1/(ᴨt).

METHODOLOGY

An algorithm for the classification of complex PQDs 
uses the following steps:

1.	 Generation of complex PQDs using the integral 
mathematical models of PQDs using MATLAB 
programming[9]

2.	 Applying Hilbert transform to the voltage signals 
with complex PQDs.

A = Hilbert (v)

3.	 Obtaining the PQ Index Curves using the  following 
command and plotting it.

B=abs (A)

4.	 Extracting the features F1, F2, F3, and F4 from the 
PQ index curve.

F1 = median (B)

F2=kurtosis

F3=var (B) 

F4=std (B)

5.	 Developing thresholding-based algorithm using the       
extracted features for classification of PQDs

GENERATION OF POWER QUALITY 
DISTURBANCES

In order to provide the necessary power quality 
disturbance, a collection of parametric equations 
involving various mathematical functions is used 
to construct the integral mathematical models of 
PQDs[10,11]. In this study project, the MATLAB 
programming is used to perform the mathematical 
equations presented in table I in order to produce the 
numerous and multistage power quality disturbances.

SIMULATION RESULTS AND 
DISCUSSION

Results of Generation of PQDs

The parametric equations are programmed in MATLAB 
programming to produce the multiple, and multistage 
PQDs. The parameter A controls the PQDs’ amplitudes, 
while the temporal constants t1 and t2 govern their 
durations. The greatest value of the instantaneous 
waveform under three phase is A=326; the RMS value 
for this value was found to be 400 V.

Figure 1 shows the waveform of voltage sag with 
harmonics  that results from altering the parameters 
α=0.5, t1=0.3, and t2=0.7. The voltage signal has a sag 
along with harmonics that lasts for 0.4 seconds. The 
length of the signal is one second.
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Table 1.	Mathematical Models of PQDs

Figure 3 shows the waveform of voltage interruption 
with harmonics that results from altering the parameters 
α=0.5, t1=0.3, and t2=0.7. The voltage signal has a 
swell along with harmonics that lasts for 0.4 seconds. 
The length of the signal is one second.

Fig 3. Waveform of Voltage Interruption with Harmonics

Figure 4 shows the waveform of multistage voltage sag 
that results from altering the parameters α=0.5, t1=0.3, 
and t2=0.7. The voltage signal has a multistage sag 
for 0.4 seconds. First stage of sag is obtained between 
duration 0.3 to 0.5 and second stage is obtained between 
0.5 to 0.7 sec. The length of the signal is one second.

Figure 5 shows the waveform of multistage voltage 
swell that  results from altering the parameters α=0.5, 
t1=0.3, and t2=0.7. The voltage signal has a multistage 
swell that lasts for 0.4 seconds. First stage of swell is 
obtained between duration 0.3 to 0.5 and second stage 

Fig. 1. Waveform of Voltage Sag with Harmonics

Figure 2 shows the waveform of voltage swell with 
harmonics that results from altering the parameters 
α=0.5, t1=0.3, and t2=0.7. The voltage signal has a 
swell along with  harmonics that lasts for 0.4 seconds. 
The length of the signal is one second.

Fig 2. Waveform of Voltage Swell with Harmonics
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of swell is obtained between 0.5 to 0.7 sec. The length 
of the signal is one second.

Fig 4. Waveform of Multistage Voltage Sag

Fig 5. Waveform of Multistage Voltage Swell

Figure 6 shows the waveform of multistage voltage sag 
with  swell that results from altering the parameters 
α=0.5, t1=0.3, and t2=0.7. The voltage signal has a 
multistage swell that lasts for 0.4 seconds. In first stage 
of sag is obtained between duration 0.3 to 0.5 and in 
second stage swell is obtained between 0.5 to 0.7 sec.
The length of the signal is one second.

Fig 6. Waveform of Multistage Voltage Sag with Swell

RESULTS OF PQ INDEX CURVES
The voltage signal with harmonic sag that was created 
by simulating the mathematical equations in MATLAB 
is being subjected to the Hilbert transform. Calculating 
the absolute value from Hilbert transform’s yields the 
PQ index    curve[12,13]. The waveform of a signal 
containing a voltage sag harmonic, and a PQ index 
curve is shown in figure 7. The harmonic voltage sag 
and reduction in  PQ index curve is obtained between 
0.3 to 0.7 seconds as shown in figure 7.

Fig 7 PQ Index Curve for Voltage Sag with Harmonics

The voltage signal with harmonic swell that was created 
by simulating the mathematical equations in MATLAB 
is being subjected to the Hilbert transform. Calculating 
the absolute value from Hilbert transform’s yields the 
PQ index  curve. The waveform of a signal containing a 
voltage swell harmonic, and a PQ index curve is shown 
in Figure 8. The harmonic voltage swell and increase in  
PQ index curve is obtained between duration 0.3 to 0.7 
seconds as shown in figure 8.

Fig 8 PQ Index Curve for Voltage Swell with Harmonics
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The voltage signal with harmonic interruption that was 
created by simulating the mathematical equations in 
MATLAB is being subjected to the Hilbert transform. 
Calculating the absolute value from Hilbert transform’s 
yields  the PQ index curve. The waveform of a signal 
containing a voltage interruption harmonic, and PQ 
index curve is shown in Figure 9. The harmonic 
voltage interruption and reduction in  PQ index curve is  
obtained between duration 0.3 to 0.7 seconds as shown 
in figure 9.

Fig 9 PQ Index Curve for Voltage Interruption with 
Harmonics

The voltage signal with multistage voltage sag that was  
created by simulating the mathematical equations in 
MATLAB is being subjected to the Hilbert transform. 
Calculating the absolute value from Hilbert transform’s 
yields  the PQ index curve. The waveform of a signal 
containing a multistage voltage sag, and a PQ index 
curve is  shown in figure 10. In first stage the PQ index 
curve drop from 0.3 to 0.5 seconds again in second 
stage PQ index curve drop from 0.5 to 0.7 sec.

The voltage signal with multistage voltage swell that 
was created by simulating the mathematical equations 
in MATLAB is being subjected to the Hilbert transform. 
Calculating the absolute value from Hilbert transform’s 
yields the PQ index curve. The waveform of a signal 
containing a multistage voltage swell and a PQ index 
curve is shown in Figure 10. In first stage the PQ index 
curve increase from 0.3 to 0.5 seconds again PQ index 
curve increase from 0.5 to 0.7 sec.

Fig 10 PQ Index Curve for Multistage Voltage Sag

Fig 11 PQ Index Curve for Multistage Voltage Swell

The voltage signal with multistage voltage swell 
sag that was created by simulating the mathematical 
equations in MATLAB is being subjected to the Hilbert 
transform. Calculating the absolute value from Hilbert 
transform’s yields  the PQ index curve. The waveform 
of a signal containing a multistage voltage swell and 
sag and a PQ index  curve is shown in figure 12. In first 
stage the PQ index curve  increase from 0.3 to 0.5 sec 
again in second stage PQ index curve decrease from 0.5 
to 0.7 sec.
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Fig 12 PQ Index Curve for Multistage Voltage Sag with 
Swell

Table 2. Features Extracted from PQ Index Curves

PQ

Disturbances

F1 F2 F3 F4

Voltage Sag 
Harmonics

0.91079 1.68467 0.06897 0.26262

Voltage Swell 
Harmonics

327.0745 1.18059 6359.913 79.7490

Voltage 
Interruption 
Harmonics

0.91101 1.27345 0.22256 0.47177

Multistage Voltage 
Sag Swell

1.00001 2.56209 0.16833 0.41028

Multistage Voltage 
Sag

0.99770 2.45786 0.03820 0.19547

Multistage Voltage 
Swell

1.00444 1.39493 0.12126 0.34822

CLASSIFICATION RESULTS OF PQDS
The values of the features F1, F2, F3, and F4 extracted 
from PQ Index Curves are shown in Table II. These 
features are supplied as input to the thresholding-
based algorithm, which  uses them to classify the 
different PQDs. The categorization process starts with 
the attribute F1. The PQDs considered in the first 
algorithm are voltage    sag with harmonics, voltage 
swell with harmonics and voltage interruption with 
harmonics. First group consists of voltage swell with 
harmonics whereas the second group consists of the 
voltage sag with harmonics and voltage interruption 

with harmonics. Figure 6.1 shows the classification of 
multiple PQDs using the thresholding-based algorithm.

Fig 6.1 Algorithm for Classification of Multiple PQ D

Fig 6.2 Algorithm for Classification of Multistage PQDs
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The values of the features F1, F2, F3, and F4 extracted 
from PQ Index Curves are shown in Table II. These 
features are supplied as input to the thresholding-
based algorithm, which  uses them to classify the 
different PQDs. The categorization process starts with 
the attribute F2. The PQDs considered in the second 
algorithm are multistage voltage sag, multistage 
voltage swell and multistage voltage sag with swell. 
First group consists of multistage voltage swell with 
sag whereas the second group consists of the multistage 
voltage sag and multistage voltage swell. Figure 6.2 
shows the classification of multistage PQDs using the 
thresholding-based algorithm.

CONCLUSION
In this study, an algorithm for classifying multiple and 
multistage PQ disturbances is presented that makes 
use of  Hilbert transform and a thresholding based 
algorithm. The main aim of this study is to generate 
complex PQ disturbances using integral mathematical 
equations implemented in MATLAB software and 
classify them accurately. Using the Hilbert Transform, 
the voltage signals with PQ disturbances derived via 
mathematical modelling are  processed. The features 
that can be derived from the Hilbert transform are 
fairly straightforward but very powerful. The Hilbert 
transform may be calculated quickly, making the 
suggested method more effective The features extracted 
from  the PQ Index Curve are found to be sufficient to 
accurately classify the complex PQ disturbances with 
ease. The thresholding based algorithms classifies both 
multiple and multistage PQ disturbances. The propsed 
approach gives    satisfactory results. Overall the 
algorithms developed are less    complex. The proposed 
technique has been found to be successful in classifying 
the various complex PQ disturbances.
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Abstract: This study proposes an approach for classifying single stage Power Quality Disturbances (PQDs) that is based 

on the Hilbert Transform. These power quality disturbance signals are produced utilizing the MATLAB environment's 

simulation models and integral mathematical models of PQDs. Voltage sag, voltage swell, and voltage interruption are 

the power quality disturbances taken into account in this study. The Power Quality Index (PQI) curve is generated from 

these signals using the Hilbert transform, and features are then extracted from it. By changing the parameters, multiple 

instances of power quality disturbances are produced, and a dataset is produced. In order to train and test the Feed Forward 

Neural Network (FFNN) classifier, the dataset signals are transformed using the Hilbert transform to produce a feature 

vector. Calculating the efficiency of the proposed algorithm yields the effectiveness of the provided strategy. The single 

stage power quality disturbances are classified using a thresholding-based method as well. 

Keywords: Power Quality Disturbances, Power Quality Index, Hilbert Transform, Feed Forward Neural Network 

I INTRODUCTION 

Power quality represents an equipment's capacity to use the power being supplied to it as well as the ability of a power 

grid to efficiently supply power to consumers. Technically speaking, sinusoidal waveform measurement, analysis, and 

improvement at the rated voltage and frequency constitute power quality. 

A power system's efficiency and cost can be significantly impacted by power quality. Therefore, it is crucial to ensure 

that the system is compatible with the power given to it and that the power it consumes is of the appropriate quality. 

Consumer awareness of power quality has increased recently, which is why many governments have amended their 

regulations to require electric utilities to ensure that the power quality is up to design standards. Modern electrical utility 

equipment is also more susceptible to fluctuations in power quality. Power quality is a problem for utilities, manufacturers, 

and consumers, and this issue is growing daily. 

Disturbances such voltage swell, voltage sag, notch, transients, harmonic distortions, and so on are the main culprits for 

power quality degradation. Due to the fact that electric motors consume more current while starting than when operating 

at rated speed. So voltage sag could be caused by an electric motor beginning. A huge capacitor bank being charged up 

can also increase voltage. Before taking the necessary mitigation measures, such disturbances should first be discovered 

in a practical distribution network to improve power quality. 

II. POWER QUALITY 

The term Power Quality is defined in various type, as per IEEE power quality is define as “the concept of powering and 

grounding sensitive electronics equipment in a manner that is suitable to the operation of that equipment” 

IEC (International Electrotechnical Commission) power quality is a set of parameters defining the properties of power 

supply as delivered to the user in normal operating conditions in terms of continuity of supply and characteristics of 

voltage (magnitude, frequency, waveform). 

[A] Interruption: An interruption occurs when the supply voltage or load current decreases to less than 0.1 pu for a 

period of time not exceeding 1 min. 

[B] Voltage Sag: A sag is decrease in rms value of voltage or current between 0.1 to 0.9 pu at the power frequency for 

duration from 0.5 cycle to 1 min. 
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[C] Voltage Swell:  A swell is increase in rms value of voltage or current between 1.1 to 1.8 pu at the power frequency 

for duration from 0.5 cycle to 1 min. 

III LITERATURE SURVEY 

Rahul Saini et al. (2018)  for the classification of power quality disturbances, describe an algorithm based on the Hilbert 

Transform and Rule base decision tree. In this instance, the power quality index curve is produced after processing the 

voltage signal using the Hilbert Transform. In order to classify data, features from the Hilbert Transform output are 

provided as input to the rule-based decision tree. The results of this investigation show that the suggested method is 

efficient at identifying and categorising complicated power quality issues. 

 

T. Jayasree et al. (2009) the classification of power quality (PQ) disturbances using the Hilbert transform and an artificial 

neural network (ANN) is presentedIn that the Hilbert transform (HT) is used to obtain the input features for the ANN 

from the envelope of the disturbance signals. The radial basis function (RBF) neural network receives these information 

after normalisation. According to the results of this study, the suggested approach is effective, low-sensitive to noise 

levels, and delivers improved classification accuracy even in noisy environments. Hilbert transform is also calculated 

more quickly than S-transform and Wavelet transform. 

Vishakha Pandya et al. (2020) the combined characteristics of the Stockwell Transform and Hilbert Transform are 

presented for the detection and categorization of power quality issues. S- and H-transforms are applied to the resulting 

PQD signal in order to produce the S- and H-indices. To identify PQ disturbances, the ST-index, H-index, and PQ index 

are displayed and contrasted with reference plots pertaining to pure sine waves. The decision-supported rule uses the peak 

value of PQ disturbances as an input to effectively classify PQ disturbances. According to the results of this investigation, 

the proposed method has a high accuracy of better than 99% for both the detection and categorization of PQ disturbances.  

 

R. Kaushik et al (2020) We offer a technique to identify single-stage and multiple (multi-stage) power quality disturbances 

(PQDs) utilising hybrid characteristics of the Hilbert transform (HT) and the Stockwell transform (ST). For the purpose of 

identifying PQDs, a power quality index (PI) and temporal location index (TLI), based on features derived from the voltage 

signal using HT and ST, are proposed. When classifying PQDs using a decision tree with rules, four features taken from the PI 

and TLI are taken into account. It is discovered that even in the presence of large levels of noise, an algorithm is effective in 

recognising both single stage and multiple PQD with an efficiency greater than 98%. The algorithm is scalable for use with 

voltages of all ranges and faster than several reported solution. 

 

David Granados-Lieberman et al (2013) introduces a smart sensor for the identification, categorization, and measurement 

of PQD. The suggested smart sensor is built using FPGA technology, which offers high online compute performance as 

well as a cheap, portable, and effective SoC solution. A feed forward neural network (FFNN) classifies the envelope of a 

PQD while the Hilbert transform (HT) is employed as a detection technique. Last but not least, the indices derived from 

HT and Parseval's theorem for root mean square voltage (Vrms), peak voltage (Vpeak), crest factor (CF), and total 

harmonic distortion (THD). This leads to the conclusion that smart sensor results acquired under simulated and actual 

operating settings demonstrate their accuracy, precision, and immunity to noisy surroundings, making their industrial 

usefulness clear.demonstrate a hybrid algorithm. 
 

Eyad A. Feilat1a et al (2017) explains a method for quickly identifying and categorising short-lived voltage fluctuations, 

such as voltage sag, swell, and interruption. The detection method is based on classification using an artificial neural 

network and envelope generation using the Hilbert transform. The suggested envelope detection-ANN based classifier 

methodology offers a robust method for the quick and accurate categorization of voltage changes as well as the estimation 

of the voltage variation's beginning, ending, and length times. 

 

R. S. Kankale et al (2022) explains research on a wavelet and machine learning approach for categorising PQDs in 

developing power systems. PQDs such voltage sag, swell, and interruptions are produced during the simulation of the 

new power system utilising a solar PV system and are then processed using a discrete wavelet transform. For the purpose 

of categorising PQDs, a machine learning-based classifier is created using the features extrapolated from DWT analysis. 

On a number of PQDs, the suggested approach has been evaluated. The simulation results demonstrate the effectiveness 

of the suggested technique for PQD classification. 

 

Rahul et al (2018) introduces the Hilbert-Huang transform (HHT) and support vector machine-based hybrid recognition 

method and classification methodology to improve the accuracy of delivery and ensure effective recognition of power 

quality events. These power quality events split into intrinsic mode components and empirical mode decomposition 

Hilbert-Huang transform components. Empirical Mode Decomposition (EMD) is used to execute a decomposition 
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operation and feature separation for non-stationary power quality disturbances into intrinsic mode functions (IMFs). 

These factors are crucial in determining the frequency and amplitude of power quality events. Fuzzy rules are created 

based on these traits, and power quality problems are classified. From this, it is discovered that the suggested method has 

improved validity and accuracy for monitoring power quality disturbances. 

IV METHODOLOGY 

The following steps are used in the proposed algorithm for the classification of the single stage PQ disturbances. 

• Generate the single stage power quality disturbances using the simulink model and integral mathematical model. 

• Apply the Hilbert transform to voltage signal with power quality disturbance using the following command of 

the MATLAB.  

A=Hilbert (v) 

• Obtain the power quality index curve values using the following command and plot the curve. 

B=abs (A) 

• Obtain the features F1, F2, F3 and F4 from the power quality index curve using the following relations 

F1=median (B) F2=kurtosis (B) F3=var (B) F4=std (B) 

• These features are given as input to the thresholding-based algorithm for classification purpose and all the PQ 

disturbances are classified effectively. 

• A feature vector is created by processing the dataset signals using Hilbert transform in order to train and test the 

ANN classifier. 

• The effectiveness of the proposed approach is obtained by calculating the efficiency of proposed algorithm 

V GENERATION OF POWER QUALITY DISTURBANCES 

Power quality disturbances are generated by MATLAB Simulated model and integral mathematical equations in 

MATLAB Software system. 

5.1 Generation of PQDs using MATLAB Simulink model 

The single stage power quality disturbances such as voltage sag, voltage swell and voltage interruption are generated 

using MATLAB simulation model. Table I shows the configuration of Simulink models for generation of power quality 

disturbances. 

Table I: Configuration of Simulink model used for generation of PQDs 

Components Parameters 

3-Phase Voltage Source 11kV, 400V, 50Hz, 1MVA 

3-Phase Programmable Source 11kV, 400V, 50Hz,  11kV, 400V, 50Hz, 1MVA 

3-Phase Transformer 3-Phase Transformer 11kV/400V, 50Hz, 1MVA 

3-Phase Active Load 500kW, 400V, 50Hz 

3-Phase Reactive Load 100kVAR, 400V, 50Hz 

Bus1 11 kV 

Bus2 0.4 kV 

Fault Resistance  1ohm, 1 MVA SC  

Breaker Resistance  0.001ohm 

Sampling Frequency  10 kHz 

 

A. Generation of Voltage Sag 

The voltage sag simulation model in MATLAB is depicted in Figure 2. The model is made up of a feeder representing a 

three-phase AC voltage source, a three-phase step-down transformer, a three-phase load, and a three-phase fault. Table 2 

provides a full setup of each component. A three-phase ground fault is established at the 11 kV bus in order to produce 

the three-phase balanced voltage sag. A voltage sag is seen at both the 11 kV and 0.4 kV buses for 0.4 sec during the 0.3 

second fault initiation and 0.7-second fault clearance. This voltage sag's magnitude can be altered by adjusting the fault 

resistance.  
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Fig 2. MATLAB Simulink model for Voltage Sag 

 

B. Generation of Voltage Swell 

The MATLAB simulation model for voltage swell is shown in Figure 3. A three-phase programmable voltage source that 

represents a feeder and a three-phase load makes up this model. Table 2 lists every component's precise configuration. 

Three phase voltage sources with variable amplitudes are used to produce a three-phase balanced voltage swell at 0.4 kV 

bus. At 0.3 seconds, a voltage swell is initiated and maintained for 0.7 seconds. The size of this voltage swell is adjustable 

by changing the amplitude in a programmable source.  

 

Fig 3 MATLAB Simulink model for Voltage Swell 

C. Generation of Voltage Interruption 

The MATLAB Simulation model for voltage interruption is displayed in Figure 4. A three-phase circuit breaker, a three-

phase step-down transformer, a three-phase load, and a three-phase AC voltage supply (representing a feeder) are all 

included in this model. Table 2 lists every component's precise configuration. A three-phase circuit breaker in an 11 kV 

feeder is activated to cut off the supply to the three-phase transformer in order to produce the three-phase voltage 

interruption. A voltage interruption is seen at 0.4 kV buses during a circuit breaker's OPEN and CLOSED phases of 0.3 

and 0.7 seconds, respectively.  
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Fig 4 MATLAB Simulink model for Voltage Interruption 

5.2 Generation of PQDs using mathematical modelling 

PQDs Equations Parameters 

Voltage sag x(t) = A (1 −α(u(t − t1)− u(t − t2))) 

sin (ωt) 

0.1 ≤ α ≤ 0.8, T ≤ (t2 −t1) ≤ 9T  

Voltage swell x(t) = A (1 +α(u(t − t1)− u(t − t2))) 

sin (ωt)  

0.1 ≤ α ≤ 0.8, T ≤ (t2 −t1) ≤ 9T 

Voltage interruption x(t) = A (1 −α(u(t − t1)− u(t − t2))) 

sin (ωt) 

0.9 ≤ α ≤ 1, T ≤ (t2 − t1) ≤ 9T 

 

V. SIMULATION RESULT AND DISCUSSION 

5.1 Results of PQDs Generated using MATLAB Simulink Models 

To acquire PQDs voltage sag on an 11kV bus, a three-phase symmetrical fault is given to the system and causes voltage 

sag using the simulation model of voltage sag in MATLAB Simulink. A three phase to ground fault occurs on an 11 Kv 

bus in 0.3 seconds and is repaired in 0.7 seconds. During the period of the problem, there is a voltage drop on the 11 kV 

and 0.4 Kv bus V buses. One second is chosen as the simulation time. The fault resistance amplitude can be altered. The 

instantaneous and RMS voltage waveform with a sag of 50% is shown in Fig. 5 and was generated by the MATLAB 

Simulink model.  

 

Fig 5 Waveform for Voltage Sag 

In MATLAB Simulink, the voltage swell simulation model is run to produce the voltage swell. The characteristics of the 

programmable source can be altered to alter the amplitude of the voltage swell. The duration of the event is 0.3 and 0.7 
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seconds. The instantaneous and RMS voltage waveform with a swell of 20% is shown in Fig. 6 after the simulation time 

is adjusted to 1 sec. using the MATLAB Simulink model. 

 

Fig 6 Waveform for Voltage Swell 

In MATLAB Simulink, the voltage interruption simulation model is simulated to obtain the voltage interruption. A 

voltage interruption is observed at the 0.4 kV bus when the circuit breaker at the 11 kV feeder opens at 0.3 seconds and 

shuts off at 0.7 seconds. One second is chosen as the simulation time. The instantaneous and RMS voltage waveform 

with an interruption from the MATLAB Simulink model is displayed in fig. 7. 

 

Fig 7 Waveform for Voltage Interruption 

5.2 Results of PQDs Generated using integral mathematical modelling 

The parametric equations are programmed in MATLAB programming to produce the single stage PQDs. The parameter 

A controls the PQDs' amplitudes, while the temporal constants t1 and t2 govern their durations. In this study, the value 

of A=326 represents the highest value of the three-phase instantaneous waveform, and the RMS value was determined to 

be 400 V. Figure 7 displays the voltage signal with a 50% sag for 0.4 seconds that was produced by altering the parameters 

=0.6, t1=0.3, and t2. The waveform's complete duration is one second. 
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Fig 8 Waveform for Voltage Sag 

 Figure 8 illustrates the voltage signal that results from altering the parameters =0.5, t1=0.3, and t2=0.7. The 

voltage signal has a swell that lasts for 0.4 seconds. The waveform's complete duration is one second. 

 

Fig 9 Waveform for Voltage Swell 

Figure 10 illustrates the voltage signal with a 0.4-second interruption that is produced by varying the values of =0.95, 

t1=0.3, and t2=0.7. The waveform's complete duration is one second. 

 

Fig 10 Waveform for Voltage Interruption 

5.3 Power Quality Index Curve 

The Hilbert transform is used to deconstruct the voltage signal with sag that was produced by simulating the mathematical 

equations in MATLAB. Calculating the output of the Hilbert transform's absolute value yields the power quality index 

curve. Figure 11 displays the waveform of a signal with a voltage sag and a power quality index curve. Figure 11 shows 

that values of the power quality index curve drop from 0.3 seconds to 0.7 seconds. 
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Fig 11 Power Quality Index Curve of Voltage Sag 

The Hilbert Transform is used to decompose the signal with voltage swell that was produced by simulating the 

mathematical relationship. Calculating the absolute values of the output of the Hilbert transform yields the power quality 

index curve. Figure 12 provides the voltage signal waveforms with swell and the proposed power quality index curve for 

the voltage swell. This can be seen in Fig. 12, where the values of the power quality index curve increase at 0.3 and 0.7 

s, respectively, indicating the occurrence of voltage swells between those times. 

 

Fig 12 Power Quality Index Curve of Voltage Swell 

The Hilbert Transform is used to breakdown the voltage-interrupted signal that was produced by simulating the 

mathematical relationship. Calculating the absolute values of the output of the Hilbert transform yields the power quality 

index curve. Figure 13 provides the voltage signal waveforms with interruptions and the proposed power quality index 

curve for the voltage interruption. This can be seen in Fig. 13, where the values of the power quality index curve increase 

at intervals of 0.3 to 0.7 seconds, suggesting the presence of voltage interruptions. 
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Fig 13 Power Quality Index Curve of Voltage Interruption 

Table II Features of Power Quality Disturbances 

PQ disturbances F1 F2 F3 F4 

Voltage Sag 324.4901375 1.181264408 12439.33053 111.5317467 

Voltage Swell 327.2457379 1.180576302 9157.608646 95.69539512 

Voltage Interruption 324.0777875 1.181669005 20471.08924 143.0772143 

 

VI CLASSIFICATION OF POWER QUALITY DISTURBANCES 

6.1 Classification of Single Stage PQD using mathematical modelling 

The values of features F1, F2, F3, F4 provided in the Table II. These features are given as input to the thresholding-based 

algorithm for the classification of the single stage power quality disturbances. The detailed classification of the power 

quality disturbances using the thresholding based algorithm is provided in fig.14. The classification is initialized using 

the feature F4. The first group consists of voltage interruption whereas the second group consists of the voltage sag, 

voltage swell. 
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Fig 14 Classification of Single Stage PQD Using Thresholding Based Algorithm 

6.2 Classification of Single Stage PQD using Simulink Model  

 

Fig 16 Classification of Single Stage PQD using ANN 

The feature vector with 48 datasets of each disturbance (48x3=144) are fed to ANN classifier. 80% of the data (115 

datasets out of which 39 datasets are of sag, 41 datasets are of swell and 35 datasets are of interruptions) are used for 

training purpose and 20% data (29 datasets out of which 7 datasets are of sag, 7 datasets are of swell and 13 datasets are 
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of interruptions) are used for testing purpose. Fig 17 shows all confusion matrix, from this matrix it is found that voltage 

sag is classified with an accuracy of 93.8%, voltage swell is classified with 100% and voltage interruption is classified 

with 95.8% accuracy. The overall accuracy of classifier is 96.5%. 

 
Fig 17 All Confusion Matrix 

 

The ANN classifier's training results are displayed in the form of confusion matrix in fig 18, from this matrix it is found 

that voltage sag is classified with an accuracy of 92.3%, voltage swell is classified with 100% and voltage interruption is 

classified with 97.1% accuracy. The overall accuracy of training is 96.5%. 

 
Fig 18 Training Confusion Matrix 

 

The ANN classifier's testing results are displayed in the form of confusion matrix in 19, from this matrix it is found that 

voltage sag is classified with an accuracy of 100%, voltage swell is classified with 100% and voltage interruption is 

classified with 92.3% accuracy. The overall accuracy of training is 96.6%. 
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Fig 19 Testing Confusion Matrix 

VII CONCLUSION 

This research work presents an algorithm using Hilbert transform and thresholding-based algorithm for classification of 

PQ disturbances. It has been concluded that the proposed algorithm is effective in the classification of the various single 

stage PQ disturbances with efficiency greater than 96%. The features extracted from the Hilbert transform are very simple 

and yet very effective. It found sufficient to accurately classify the single stage PQ disturbances with ease. The proposed 

approach gives    satisfactory results. Overall, the algorithms developed are less   complex. The ANN classifier takes less time 

for training and the classification accuracy is very high. The proposed technique has been found to be successful in 

classifying the various complex PQ disturbances. Compared to the Wavelet transform and S-transform, the Hilbert 

transform can be quickly calculated, so that the proposed method is efficient, making the suggested method more efficient.  
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Abstract: The automobile sector across the globe has undergone a dramatic change in the last decade. It has started to 

trust something more, which initially was criticized for its inferior performance – the Electric Vehicle (EV). The battery 

is one of the most important components of an EV, and the Battery Management System (BMS) continues to be the 

bottleneck of EVs. However, accurate estimation of the State of Charge (SOC) of batteries is still challenging due to the 

non-linear characteristics of batteries. This led the scholars to propose various methods of SoC estimation. It now poses 

a challenge to establish a relationship between the accuracy and robustness of the methods, and their difficulties to 

implement. This paper publishes an exhaustive literature survey of the SoC estimation methods proposed by various 

scholars. All the more, it also provides feedback on each method, which will help to make an accurate choice of the SoC 

estimation method to be implemented. This will, in turn, help in the development of a reliable BMS. 

 

Keywords: Battery Management System (BMS), State of Charge (SoC), Electric Vehicle (EV), Look-up table based 

estimation, model based estimation, adaptive system based estimation. 

 

I. INTRODUCTION 

 

The rise in global crude oil prices and the growing awareness of its environmental impacts have called for increased 

development in alternative energy storage systems. Battery happens to be an interesting energy storage system owing to 

its high efficiency. Battery storage system has seen a sharp rise in demand due to its wide use in battery-operated 

automobiles such as Electric Vehicle and Hybrid Electric Vehicle (HEV). Electric Vehicles are seen to be the new face 

of future transportation due to zero emissions [1].  

 

Lithium ion Batteries (LiBs) are preferred choice of power supply in EVs due to their superiority over other batteries in 

terms of high specific energy, high output power and long life cycle [2]. An effective Battery Management System (BMS) 

in place is vital to ensure safe operation of battery, improved driving range, optimized power management and enhanced 

service life [2]–[5].  

 

The BMS is responsible to acquire battery’s voltage, current and internal temperature data to estimate various states of 

the battery and protect it from over-charging and over-discharging instances. SoC of a battery, used to represent the 

remaining capacity, is an important parameter of BMS, and hence it is imperative to have accurate estimation of the SoC 

to prevent the battery from over-charge, over-discharge and potential reduction in battery life [3]. 
 

 

II. BATTERY MANAGEMENT SYSTEM 

 

A BMS is the equipment designed along with software and hardware to control battery operations at different operating 

conditions. It consists of controllers, sensors and actuators with an aim to enhance the battery life and guarantee its safety 

by accurately estimating different states of the battery.  

 

A BMS, all the more, is also capable to interrupt the battery system in case of an abnormal operation. This, it does by 

closely monitoring the charge and discharge process of the battery and controlling it. A basic function diagram of a BMS 

is shown in Fig.1. 
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Fig.1 Function Diagram of Battery Management System 

 

The control circuit of a BMS estimates the state of charge (SoC), state of health (SoH) and remaining useful life (RUL) 

of batteries with the help of advanced algorithms using measured battery current, voltage and temperature. The SoC of a 

battery can be defined as the percentage of the ratio of remaining capacity to the maximum available capacity. Over a 

period of time, a battery starts losing its capability to store energy. This deterioration of battery’s capability is indicated 

by State of Health (SoH). Remaining Useful Life (RUL) is an indication of the number of load cycles remaining before 

the battery reaches its End of Life (EoL). Continuous measurement of voltage, current and temperature of battery enables 

the estimation of aforementioned battery parameters. However, the accurate estimation of battery parameters, especially 

SoC, is still a challenging task as battery’s behaviour depends on various internal and external conditions. This is further 

aggravated by the change in battery characteristics over the period of time due to aging and charge-discharge cycles. All 

the more, the accurate estimation of SoC is hindered by limited battery models and parametric uncertainties. Many SoC 

estimation techniques proposed by researchers offer poor reliability and accuracy [4], [5]. Some researchers have, in 

detail, discussed SoC estimation methods along with the future developments and trends [6]–[8]. However, a systematic 

elaboration of the difficulties and challenges of methods is hard to find in the literature. This research paper aims to 

present a detailed review of the existing SoC estimation methods bring to the fore an ordered discussion of various SoC 

estimation metods along with their key challenges and difficulties of implementation. It also discusses the classification 

of SoC estimation techniques and possible developments likely to take place in the near future. 
 

III. METHODS OF SOC ESTIMATION 
 

The State of Charge (SoC) is a representation of battery’s available capacity and is basically used to prevent the battery 

from being overcharged or undercharged. This in turn reduces the aging effects on the battery. As a result, it has become 

an interesting area of research and many researchers have proposed various methods for SoC estimation. Since many 

researchers have proposed methods for SoC estimation which involves combination of two or more techniques, the task 

of classifying the SoC estimation methods is no simple.  
 

As individual methods have their own limitations, combining more than one technique to reduce the inaccuracies is not 

uncommon in the latest literatures. A combination of OCV technique, full charge detector and robust extended Kalman 

filter algorithm (REKF) is proposed in [9]. Despite the difficulty to classify SoC estimation methods due to combination 

of techniques, this research paper tries to make the classification referring to [10] and the work done by other researchers 

in the last decade or so. It has classified the SoC estimation methods into two main categories – Direct and Indirect 

Methods, and then it subcategories these two methods into several other techniques. Each of these methods is discussed 

along with their challenges and limitations in the following sections. 

 

1. Direct Methods 
 

Direct Method of SoC estimation relies upon measuring the physical properties of battery like current, voltage and 

temperature, and using an equation to estimate the SoC. The Direct Methods entail directly measuring or calculating SoC 

without the need for an independent model or system identification. These approaches are commonly preferred due to 

their straightforwardness and suitability for real-time applications. 

1.1 Coulomb Counting (CC) Method 

Coulomb Counting (CC) is considered as a standard method of SoC estimation [11]. Since it offers good accuracy for 

short-term estimations, CC is the most widely used method. According to CC method, SoC is defined by an equation 

given below [12] as 
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𝑆𝑜𝐶(𝑡) = 𝑆𝑜𝐶(𝑡0) +
1

𝐶𝑛
∫ 𝐼𝑏𝑎𝑡

𝑡0+𝑡

𝑡0

(𝑑𝜏) × 100% 

 

Where, SoC(t0) is the initial State of Charge of battery, and Cn and Ibat refer to the nominal capacity and 

Charging/Discharging current of battery respectively. Although CC provides a very simplistic approach, it suffers from 

the error of initial value. There are also noise errors and errors in the battery current measurement. These errors, in turn, 

lead to the accumulated errors and the CC method loses its precision and accuracy. Since this method requires the 

knowledge of initial SoC, which in practice is difficult to acquire, it will give inaccurate estimation of SoC. Hence, it is 

often used in combination with other algorithms for increasing its accuracy and precision [13]. 

 

1.2 Open Circuit Voltage (OCV) Based Estimation 

 

The Open Circuit Voltage method involves continuous measurement of the cell voltage and the corresponding SoC is 

determined from the look-up table. This method encounters the difficulty of requiring very high resolution sensors and 

ample amount of time to reach equilibrium for accurate measurement of SoC. Hence, it is practically less effective. Also, 

The OCV-SoC curve tends to shift upward as the charging current increases [14]. This behaviour of the curve informs 

that – the higher voltage limit is reached faster when the battery deals with large current, and for the same value of OCV 

battery does have different values of SoC as shown in fig.2. In addition to this, each cell has different OCV-SoC 

relationship which further deteriorates the reliability of this method. Hence, the OCV method is often used with methods 

for estimating SoC. In [15], [16], the authors have proposed a combination of discontinuous discharging method and 

Extended Kalman Observer method along with OCV-SoC look-up method to estimate the SoC of battery. 

 

 
 

Fig.2 OCV-SoC curve for charging process at different current values 

 

1.3 Impedance Measurement Based Estimation 
 

This method involves the measurement of voltage and current at different frequencies and then computing its complex 

quotient to be the cell impedance. In [17], Electrical Circuit Model (ECM) is used for battery model and its parameters 

are calculated from the measured data of impedance which is then represented in the form of a Nyquist graph. This 

measured impedance is then divided into real and imaginary parts and is plotted against one another. As the parameters 

of the model become known, the SoC of the battery can then be computed. In [18], the author proposes Electrochemical 

Impedance Spectroscopy (EIS) approach for estimation wherein the impulse signal is broken down into factors of Fourier 

series. With this signal of different frequencies, the impedance is found by spectral analysis. 

 

This estimation approach is specifically applicable under uniform charging conditions, making it unsuitable for Electric 

Vehicles (EVs) subject to inconsistent charging scenarios with varying currents. Furthermore, the method's effectiveness 

is constrained by its sensitivity to high temperatures, limiting its application to the high-frequency range. 
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2. Model-Based Estimation Methods 

 

As they overcome the logjam of the direct measurement methods, Model-based estimation have become increasingly 

common. These methods set up a battery model and employ modern algorithms for estimation of battery states using its 

measured parameters like current, voltage and temperature. This section aims at reviewing only the electrical circuit 

battery models as they form the reference for most of the other battery modelling methods. 

 

2.1 Electrical Circuit Model-Based Estimation 

 

The three widely used Electrical Circuit Models (ECMs) are illustrated in  [19]. The models are chosen owing to their 

excellent dynamic performance. The first of the models is known as Thevenin model which is a first order R-C model. 

The Thevenin model comprises of a non-linear voltage source (VOCV)  expressed as a function of SoC, battery terminal 

voltage Vt, charge or discharge current Ib, diffusion resistance (RP1), a capacitor (CP1) used to model the polarisation 

capacitance effects and an internal resistance (Rt).  The other model consists of a capacitor added in series with (VOCV). 

This model characterizes the capacity of charge stored in the battery and also describes the changes in the values of Open 

Circuit Voltage. The third model is a second order model which adds up a parallel combination of RP2 – CP2 in series 

with the first order model. The second order model is shown in Figure 3. 
 

 
 

Fig.3 Second Order Electrical Circuit Model 

 

Increasing the number of parallel RC networks proves to improve the precision of battery response estimation. In [19], 

the author has shown the second order model to be the most accurate as it has superior dynamic performance. In [20], the 

author compares the continuous and discrete time equations of second order model and draws an inference that there are 

sensitivity issues encountered in transformation of discrete parameters and hence makes the discrete time method less 

efficient. Accurately parameterizing the model for new batteries is a resource-intensive process, typically confined to 

laboratory settings. However, this approach is marked by high costs, time-consuming procedures, and often proves 

impractical for obtaining all requisite parameters. Moreover, the model falls short of providing a comprehensive 

description of the battery's electrochemical processes and lacks the capability to account for inherent inaccuracies. 
 

2.2 Electrochemical Model-Based Estimation 
 

An electrochemical model considers the internal electrochemical processes within the battery, providing a more detailed 

and accurate representation of its behaviour. It takes into account factors like electrode kinetics, ion diffusion, and 

temperature effects, allowing for a comprehensive understanding of the battery's state.  
 

Electrochemical models provide a higher level of accuracy by considering the complex electrochemical reactions 

occurring within the battery. Also, electrochemical models can account for temperature variations, offering a more robust 

SoC estimation in diverse environments. However, electrochemical models can be computationally intensive and 

accurate SoC estimation relies on precise model parameterization, which can be challenging. For an instance, an 

electrochemical model discussed in [21] comprises six non-linear partial differential equations which require numerical 

solution. 

 

3. Adaptive System-Based Estimation Methods 
 

In recent times, the progress in artificial intelligence has led to the creation of diverse adaptive systems designed for SoC 

estimation. These newly developed techniques encompass a range of methodologies, including back propagation (BP) 
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neural networks, radial basis function (RBF) neural networks, fuzzy logic approaches, support vector machines, fuzzy 

neural networks, and Kalman filters. What sets these adaptive systems apart is their intrinsic self-designing nature, 

enabling automatic adjustments in response to evolving system conditions. Given the impact of various chemical factors 

on batteries and the nonlinearity inherent in SoC, adaptive systems emerge as effective solutions for accurate SoC 

estimation. 

 

3.1 Back Propagation Neural Network-Based Estimation 

 

A Neural Network operates on a mathematical algorithmic model to handle the intricate characteristics of a complex 

neural network or parallel processing. This technology excels at processing data and discerning relationships among 

various initial complex factors. Within the realm of Neural Network algorithms, the Back Propagation (BP) Neural 

Network stands out for its ability to solve non-linear systems, featuring a simpler topology compared to conventional 

Neural Network methods [22]. The BP Neural Network structure comprises three layers: the input layer, hidden layer, 

and output layer. The input layer incorporates parameters such as battery voltage, current, resistance, and ambient 

temperature, while the number of hidden layers is contingent on the desired system accuracy. The output layer generates 

an estimated SoC value. The primary objective of this method is to minimize the error value. However, the system error 

is contingent on factors such as the quantity of training data and the methodology employed in experiments. Training 

data, crucial for SoC estimation, is typically derived from charging and discharging battery experiments. The 

effectiveness of this training method is evident in minimizing error functions. However, errors may escalate if the BP 

Neural Network lacks sufficient training information from SoC values [23]. To mitigate this, it becomes imperative to 

utilize a substantial amount of training data from diverse batteries to achieve an accurate SoC value. This is crucial 

because the discharge characteristics of batteries may vary, even if they share the same type and manufacturer, owing to 

differences in the electrolyte quantity [24]. 

 

3.2 RBF Neural Network-Based Estimation 

 

The RBF neural network proves to be an effective methodology for estimating systems with incomplete information, 

particularly adept at analysing relationships within a given set. It excels in comparing one major (reference) sequence 

with other sequences, offering valuable insights into diverse scenarios. The application of the RBF neural network 

extends to SoC estimation, as demonstrated through experimentation with battery data. Results indicate that the model's 

operational speed and estimation accuracy align with practical demands, underscoring its valuable applications [25]. 

In a study documented in [25], the SoC estimation method utilizing the RBF neural network relies on input data such as 

terminal voltage, discharging current, and battery temperature. This approach effectively estimates SoC for LiFePO4 

batteries across varying discharging conditions. The experimental data obtained closely aligns with the model's 

predictions, validating its reliability and accuracy in SoC estimation. 

 

3.3 Fuzzy Logic-Based Estimation 

 

Fuzzy Logic (FL) serves as a problem-solving methodology designed to streamline complex input data characterized by 

noise, vagueness, ambiguity, and imprecision. This method employs objective rules to discern the actual value within the 

input data. The operational principle of a Fuzzy Logic technique can be delineated into four fundamental stages [26]: 

 

a) Fuzzification: During this initial stage, the measured values of the system undergo a transformation into linguistic 

fuzzy sets. These sets are then categorized into membership functions, each indicating the degree of belonging to a 

specific logical set. 

b) Fuzzy Rule Base: The development of a fuzzy rule base constitutes the second stage, drawing on professional 

expertise and insights into the system's operational methods. This rule base serves as a foundation for guiding the 

fuzzy logic process. 

c) Inference Engine: In the inference engine stage, all fuzzy rules are systematically converted into fuzzy linguistic 

outputs. This transformation is pivotal in deriving meaningful insights from the input data based on the established 

fuzzy rule base. 

d) Defuzzification: The final stage involves translating the linguistic fuzzy rules into analog output values. 

Defuzzification is the process through which the abstract and linguistic outcomes are transformed into concrete and 

quantifiable results. 
 

By navigating through these four stages, Fuzzy Logic methodologies provide a structured approach to handling complex 

input data, extracting valuable insights, and generating meaningful output values. Fuzzy Logic (FL) systems possess the 

capability to make generalizations about any system through cycle number estimation.  
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This is particularly advantageous in battery tests where describing the battery's state as either "High" or "Low" may be 

more straightforward than obtaining a precise numerical value. 

 

However, the computational expense associated with this method is substantial. Due to the requisite for a distinct and 

consistent battery characteristic rule, coupled with the substantial variation in battery parameters throughout the lifetime 

of Lithium-ion Batteries (LiBs), the accuracy of SoC estimation may be compromised. Specifically, if the proposed SoC 

estimation relies on static battery characteristics, this approach becomes practically unfeasible for LiBs employed in 

Electric Vehicles (EVs). Notably, the aging of the battery is not taken into consideration, further limiting the applicability 

of this method. 

 

3.4 Support Vector Machines-Based Estimation 

 

The Support Vector Machine (SVM) has found widespread application in pattern recognition, excelling particularly in 

classification across various domains. Interestingly, the SVM has also proven effective in addressing regression 

problems, a task inherently more challenging than classification. When employed as a nonlinear estimation system, the 

SVM exhibits greater robustness compared to a least-squares estimation system, showcasing insensitivity to minor 

changes [27]. 

 

In a study by Hansen and Wang [27], the application of SVM for estimating the SoC in lithium-ion batteries was 

investigated. The SVM-based estimator not only overcomes the limitations associated with the Coulomb counting SoC 

estimator but also delivers accurate SoC estimates, presenting a promising advancement in battery management 

technology. 

 

3.5 Kalman Filter-Based Estimation 

 

Utilizing real-time road data for the estimation of Battery SOC poses inherent challenges due to potential difficulties and 

costs associated with measurement. However, in a study outlined in [28], the application of the Kalman filter method is 

demonstrated to offer reliable SoC estimations through real-time state estimation. Kalman Filtering is a powerful and 

widely used technique for estimating the SoC of a battery. It combines mathematical modeling with real-time 

measurements to provide accurate and dynamic SoC estimates.  

 

The two primary variations of Kalman Filtering used for SoC estimation are the Extended Kalman Filter (EKF) and the 

Unscented Kalman Filter (UKF). Overview of the Kalman Filtering technique for SoC estimation is as below: 

 

a) Battery Model: Kalman Filtering relies on a mathematical model of the battery's behavior. This model can be a 

simple equivalent circuit model or a more complex physics-based model, depending on the accuracy desired. 

b) State Variables: The SoC is considered a state variable in the Kalman Filter, which is continually estimated and 

updated. Other state variables might include the battery's internal resistance, capacity, or voltage. 

c) System Dynamics: The battery model is used to describe how the SoC and other state variables change over time in 

response to factors like charging, discharging, temperature, and aging. These dynamics are typically described by a 

set of differential equations. 

d) Measurement Model: The Kalman Filter combines the battery model with real-time measurements, such as voltage 

and current, to estimate the state variables. The relationship between the state variables and the measurements is 

described by a measurement model. 

e) Prediction Step (Time Update): In the prediction step, the Kalman Filter uses the battery model and the system 

dynamics to predict how the state variables (including SoC) will change over a short time interval (a time step). This 

prediction includes an estimate of the SoC. 

f) Update Step (Measurement Update): In the update step, the Kalman Filter compares the predicted state variables, 

including the predicted SoC, with the actual measurements taken from the battery (voltage and current). The filter 

calculates a correction factor that minimizes the difference between the predicted and measured values, and this 

correction is used to update the state variables, including SoC. 

 

Iterative Process: The Kalman Filter iteratively performs the prediction and update steps at a high frequency, continually 

refining the SoC estimate based on new measurements. 

 

Yatsui and Bai [29] introduced a SoC estimation method for lithium-ion batteries based on the Kalman filter. Through 

experimental validation, the effectiveness of the Kalman filter in online applications was substantiated.  



    ISSN (O) 2321-2004, ISSN (P) 2321-5526 
 

IJIREEICE 

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering 

Impact Factor 8.021Peer-reviewed & Refereed journalVol. 11, Issue 12, December 2023 

DOI:  10.17148/IJIREEICE.2023.111201 

© IJIREEICE              This work is licensed under a Creative Commons Attribution 4.0 International License                  7 

Barbarisi et al. [30] proposed an extended Kalman filter (EKF) for estimating concentrations of key chemical species 

averaged across the thickness of the active material. This approach utilizes terminal current and voltage measurements 

to derive the SoC of the battery. 

 
In the realm of SoC estimation, an innovative method is presented in [31] based on the unscented Kalman filter (UKF) 

theory and a comprehensive battery model. Results indicate the superiority of the UKF method over the extended Kalman 

filter method in accurately estimating SoC for batteries. Sun et al. [32] further contribute to this field by introducing an 

adaptive UKF method for estimating SoC in lithium-ion batteries used in electric vehicles. The adaptive adjustment of 

noise covariance during the SoC estimation process is implemented through the concept of covariance matching within 

the UKF framework.  

 
The Kalman Filter based algorithms encounter challenges associated with heightened complexity, elevated computational 

costs, and instability. The method incorporates intricate matrix operations, potentially leading to numerical instabilities 

and complicating the implementation of the algorithm on standard, cost-effective microcontrollers. Kalman Filter (KF) 

methods exhibit a strong dependence on battery models and sensor precision, accompanied by limitations such as 

accuracy in linearization and the stability of filters derived from Jacobian matrices.The efficacy of KF variants hinges on 

prior knowledge of the model and the covariance of measurement noise. Any inaccuracies in system modeling and noise 

covariance may detrimentally impact filter performance, resulting in sub-optimal convergence or sluggish adaptation. 

KF performance is notably compromised in the presence of substantial uncertainties regarding model structure, physical 

parameters, noise levels, and initial conditions. 

 

3.6 Fuzzy Neural Network-Based Estimation 

 

The Fuzzy Neural Network (FNN) has found extensive applications, particularly in identifying unknown systems. In the 

realm of nonlinear system identification, the FNN demonstrates effectiveness by adeptly fitting nonlinear systems 

through the calculation of optimized coefficients within its learning mechanism. 

 
In the field of SoC estimation, two prominent types of fuzzy-based neural networks frequently appear in the literature: 

the Adaptive Neuro-Fuzzy Inference System (ANFIS) and the Local Linear Model Tree [12]. These models primarily 

employ direct open-loop SoC estimation. ANFIS, specifically, combines the strengths of fuzzy systems and adaptive 

networks within a unified intelligent paradigm. By integrating the flexibility and subjectivity of fuzzy inference systems 

with the optimization prowess and learning capabilities of adaptive networks, ANFIS excels in modeling, approximation, 

nonlinear mapping, and pattern recognition. Its applications include modeling cell characteristics, online correction of 

other SoC estimation techniques for enhanced accuracy, and direct retrieval of the estimated SoC value [33], [34]. 

 
However, implementing direct open-loop SoC estimation introduces inaccuracies into the process. The approach 

demands a substantial volume of training data and involves extensive computations. Given the inherent open-loop nature 

of this method, adapting to the aging state of the battery becomes unfeasible. Moreover, the considerable volume of 

training data required significantly restricts its widespread applicability. 

 

IV. CONCLUSION 
 

This paper provides a critical examination of the State of Charge (SoC) estimation methodologies presented by scholars 

in the recent past, elucidating the core principles and principal limitations of each approach. Only methodologies 

extensively employed in recent years are discussed, excluding those less prevalent. Through this review, it becomes 

evident that the most challenging aspect of achieving accurate battery SoC estimation lies in constructing a model that 

authentically represents the internal dynamics of the battery, encompassing temperature dependencies on internal 

resistance and capacity degradation. It is also observed that the precision of SoC estimation can be influenced by several 

factors, including modeling imperfections, uncertainties in parameters, inaccuracies in sensors, and measurement noise. 

Additional factors impacting battery performance, and consequently the estimation methods, involve self-discharging, 

aging effects, cell imbalances, capacity fade, and temperature influences. Regardless of the methodology employed, there 

is an inherent trade-off in battery modeling, necessitating a balance between accuracy and computational complexity. 

 

The literature underscores that the aging of Lithium-ion Batteries (LiBs) is influenced by various parameters, including 

temperature, time, SoC, cycle number, charge rate, and depth of discharge. The inclusion or exclusion of these parameters 

in battery models significantly affects the accuracy of SoC estimation. Notably, SoC estimation techniques that 

continuously update model parameters can effectively address the aging phenomenon. 
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In the context of real-time EV applications, it is essential to develop a model that strikes a balance between simplicity 

and accurate SoC estimation. The Electrical Circuit Model (ECM) stands out as particularly suitable for online estimation. 

In this model, adaptive filter-based and artificial intelligence-based approaches are employed to achieve highly precise 

SoC estimations. However, a notable drawback of the ECM is its lack of a detailed physical-chemical explanation for 

microscopic movements within the battery. Conversely, the electrochemical model, while having the potential to illustrate 

charge transfer and unveil electrochemical mechanisms, is deemed overly complex for online calculations. Through the 

review, it becomes evident that adaptive filter-based algorithms prove more fitting for EV applications. In contrast, 

approaches based on artificial intelligence are considered less suitable due to their demanding computational 

requirements and/or offline learning processes. In addressing optimization challenges within filter-based techniques, 

there is a growing trend towards employing artificial intelligence-based optimization techniques. This shift is motivated 

by the simplicity, flexibility, derivation-free mechanism and effectiveness. 

 

Establishing an accurate SoC estimation algorithm relies fundamentally on the battery modeling process. However, 

existing battery modeling methods, as proposed in the literature, exhibit limitations in terms of accuracy, especially under 

specific conditions. Additionally, these methods often impose restrictions on assessing aging, hindering continuous model 

updates. Consequently, there is a pressing need for further research in this field. To enhance the accuracy and practicality 

of battery modeling, there is a call for exploring practical battery construction and integrating adaptive control 

technology, expert system theories, and artificial intelligence into the modeling process. It is crucial to acknowledge that 

none of the reviewed methods emerges as entirely efficient and reliable. While a method may be comprehensive and 

accurate for a specific application and set of conditions, it might fall short of accuracy in different scenarios. Given these 

considerations, the selection of an appropriate algorithm ultimately rests with the designer, contingent upon their 

understanding of the specific application. The information provided in this paper shall serve as a valuable resource to aid 

designers in choosing the most suitable approach for their particular context. 

. 
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Abstract: The fundamental voltage, current, and phase angle are required for a wide variety of power 

system applications. While detecting the sag and swell the important parameters required to be considered 

are their Magnitude, Duration and Phase Angle Jump. Various techniques use to detect voltage sag 

include: Root Mean Square (RMS), Fourier transform, Peak voltage detection and Missing voltage method. 

The problem with these methods is that they use a windowing technique and can therefore be too slow when 

applied to detect and mitigate voltage sags and swells since they use historical data. In this paper, the 

voltage sag and swell is detected using wavelet transform method, Root Mean Square (RMS), Fourier 

transform, Peak voltage detection and Missing voltage method. All these methods are compared on the 

basis of their, detection time, depth of the sag and sampling frequency. It is found that the wavelet 

transform is very powerful tool to detect voltage sag and swell. It gives accurate start and end detection 

time and duration of sag. All these methods are tested under offline and online conditions.. 

 

Keywords: Power Quality (PQ), Fourier Transform (FT), Wavelet Transform. 

 
I. INTRODUCTION 

Power quality define as “any power problem manifested in voltage, current, or frequency deviations that results in 

failure or missed operation of utility or end user equipment”[11] 

Until the 1960s the main concern of consumers of electricity was the continuity of the supply, in other words the 

reliability of the supply. Nowadays consumers not only require reliability, but also power quality [13]. Over the last ten 

years, voltage sags have become one of the main topics concerning power quality among utilities, customers and 

equipment manufacturers.  

The voltage sag is the most frequently occurring power quality disturbance than the voltage swell. Voltage sag as 

defined by IEEE Standard 1159-1995, IEEE recommended practice for monitoring electric power quality, is a decrease 

in root mean square (RMS) voltage at the power frequency for durations from 0.5 cycles to 1 minute [8]. Typical 

magnitudes are between 0.1 and 0.9 pu. Voltage sags are usually caused by: 

 Operation of Reclosers and Circuit breakers. 

 Inrush Currents.  

 Fault Currents.  

 Switching on of large loads. 

 Switching off of capacitor bank. 

An induction motor will draw six to ten times its full load current during starting. This lagging current causes a voltage 

drop across the impedance of the system. Hence the voltage sag occurs. because the energization period of large 

induction motors are of several minutes. The effect of voltage sag mainly affects on to sensitive electronic equipment 

than the conventional electrical equipment. Sensitive equipment such as computers, adjustable speed drive, 

microprocessor and the micro-controller etc. 
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Voltage swell as defined by IEEE Standard 1159-1995, IEEE recommended practice for monitoring electric power 

quality, is an increase in root mean square (RMS) voltage at the power frequency for durations from 0.5 cycles to 1 

minute [8]. Typical magnitudes are between 1.1 and 1.8pu. 

The voltage swells are usually associated with system fault conditions, but they are much less common than voltage 

sags. A swell can occur due to a single line-to-ground fault on the system resulting in a temporary voltage rise on the 

un-faulted phases. swells can also be caused by:  

 switching off a large load  

 switching on a large capacitor bank  

 Single line to ground fault. 

In this paper, the main focus is on to study the following voltage sag and swell detection method- 

i. Root Mean Square (RMS) 

ii. Peak Method  

iii. Fourier Transform Method 

iv. Missing Voltage Method 

v. Wavelet Transform Method. 

All these methods are tested under the offline condition and first four methods are tested under online condition to 

detect voltage sag. with these methods, we have detected sag due to induction motor energization and welding 

transformer energization at low voltage distribution level in online condition. These methods are compared based on 

their detection time, sampling frequency, half cycle and full cycle window algorithm.  

Our observation is that still some distribution companies not give importance to power quality they simply distribute 

power to the consumers. The large magnitude voltage sag can be converted in to voltage interruptions for several hours. 

Due to this customers equipment may get damaged. So to avoid such problems these algorithms can be implemented 

practically.  

 

II. EFFECTS OF VOLTAGE SAG 

The effects of voltage sag mainly affects on to sensitive electronic equipment than the conventional electrical 

equipment. Sensitive equipment such as computers, adjustable speed drive, microprocessor and the micro-controller 

etc. 

EFFECTS OF VOLTAGE SAGS ON ADJUSTABLE SPEED DRIVES  

Adjustable speed drives (ASD) are very susceptible to slight variation in voltages. The reason for their high 

susceptibility is the presence of power electronics components that are sensitive to voltage variation. When voltage sag 

occurs on to the system, the reduction in voltage at the input of the rectifier circuit causes the reduction in the dc 

voltage. To avoid damages of electronic components, protective systems shutdown the ASD. This causes stoppage of 

industrial process and this will causes huge financial losses. 

EFFECT OF VOLTAGE SAGS ON INDUCTION MOTORS  

Induction motors represent the most typical loads in power system applications. They consume about 60% of the 

electrical energy generated.  The torque of induction motor is proportional to the square of the voltage. Thus the voltage 

sag is the prime cause of the induction motor stoppage.  Thus disrupting the normal working, this leads to interruption 

in the processes and cause financial losses.[8] The basic observed effects of voltage sag on the induction motor are: 

 Drop in speed 

 Torque oscillations 

 Over-current 

EFFECTS OF VOLTAGE SAGS ON LIGHTING LOADS 

Voltage sags may cause lamps to extinguish. Light bulbs will just twinkle; that will likely not be considered to be a 

serious effect. High pressure lamps may extinguish; it takes several minutes for them to re-ignite. All lamps, except 

incandescent lamps, require high voltage across the lamp electrodes during starting. This voltage is essential to initiate 

the arc. Traditionally, a choke coil is employed across the electrodes to produce high voltage pulses. The lamp starting 

voltage is affected to a large extent by the ambient temperature and humidity levels as well as the supply voltage. 
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Fluorescent lamps reach their full emission level immediately after ignition. High-pressure lamps need a few minutes to 

reach their full light output, while low-pressure lamps take up to 15 minutes for the same. 

 

III. EFFECTS OF VOLTAGE SWELL 

The effect of voltage swell on to equipment is that, during the voltage swell condition the voltage appears at the 

equipment terminal is more than the nominal voltage. Due that the more stressed on to equipment insulation. If the 

insulation of the equipment is not uniform there may be chances of insulation failure and equipment damaged. 

A higher than nominal voltage over the transformer terminals will increase the magnetizing current of a transformer. As 

the magnetizing current is heavily distorted, an increase in voltage magnitude will increase the waveform distortion. 

The light output and life of such lamps are critically affected by the voltage. The expected life length of an incandescent 

lamps significantly reduced by only a few percent increase in the voltage magnitude. The lifetime somewhat increases 

for lower than nominal voltages, but this cannot compensate for the decrease in lifetime due to higher than nominal 

voltage. The result is that a large variation in voltage leads to a reduction in lifetime compared to a constant voltage. 

 

IV. DETECTION METHODS 

Voltage sag has been the focus of considerable research in recent years. It can cause expensive downtime. Research on 

voltage sag detection has also grown up and it is an essential part of the voltage sag compensator. There are many 

methods have been introduced to measure and detect voltage sags. Among these are RMS Method, Peak Method, 

Fourier Transform Method, Missing Voltage Method and wavelet transform Method. 

 

RMS METHOD 

The most common processing tool for voltage measurement in power systems is the calculation of the Root Mean 

Square (RMS) value. The most important standards related to the measurement of power quality disturbances are at 

present IEC Standard 61000-4-30 and IEEE Standard.1159-1995. 

As voltage sags are initially recorded as sampled points in time, the RMS voltage will have to be calculated from the 

sampled time domain voltages. The RMS value can be calculated as 


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Where, N is Number of the samples per cycle 

V (j) is  jth sample of the recorded voltage waveform 

VRMS(i) is ith sample of the calculated RMS voltage 

During the occurrence of sag, the RMS value drops below the nominal value. This drop is proportional to the level of 

sag. Similarly, during a swell, the RMS value exceeds the nominal RMS value by an amount proportional to the level of 

swell. [14] 

The sag and swell are the non stationary event. Thus there is a need to reset the algorithm after the occurrence of sag or 

swell. This can be overcome by calculating the RMS value over a moving window encompassing a fixed number of 

samples. The widely-used moving-window RMS value is calculated for digitally recorded data. In order to spend less 

processing time, a recursive alternative can be used. This provides a significant processing time saving when N is large. 

 

PEAK METHOD 

The peak voltage as a function of time can be obtained by using the following expression 

 

                                                                                                    (2)                                                 

 

Where, Vpeak = peak value of voltage signal.  

 V (t) = the sampled voltage waveform.  

 T= is an integer multiple of one half cycle or Full cycle. 
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For each sample the maximum of the absolute value of the voltage over the preceding half cycle (or full cycle) is 

calculated. 

 

FOURIER TRANSFORM METHOD 

The fundamental component of the voltage is calculated by using the discrete Fourier Transform method. The complex 

fundamental component is calculated by following expression 


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Where, W0= 2π (f/Fs). f=frequency of supply. 

Fs=sampling frequency. V (n) = sampled voltage waveform;  N=Number of sample in one cycle;  

Vfund= complex fundamental component of the voltage signal; 

By calculation of fundamental component of the voltage has the advantage that the phase angle jump can be 

determined. The magnitude of the fundamental component is obtained by taking the absolute of the Vfund. The phase 

angle jump is determined as, 

Vfund=X+ jY; 

Phase angle jump= arctan(Y/X);  

 

MISSING VOLTAGE METHOD 

The missing voltage is defined as the difference between the desired instantaneous voltage and the actual instantaneous 

one [2]. The missing voltage is calculated from the following expression. 
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Where, Vpll (t) =desired voltage signal. 

A= peak amplitude of the desired voltage signal. 

Vsag (t) =disturbed waveform. 

B=peak amplitude of the disturbed waveform. 

R=amplitude of missing voltage. 

m (t) = the instantaneous deviation from the known reference.  

The desired signal is taken as the first cycle of the prefault voltage signal. It relies on the assumption that the system 

frequency is constant during the sag. The technique requires the peak method to determine the amplitude of the presag 

and sag voltages A and B, respectively. This method is suitable for sag analysis rather than detection. The reason for 

this is that the sag amplitude B is not known until after the event. It requires presag and sag voltages A and B are 

always in phase. 

 

WAVELET TRANSFORM METHOD 

In recent years, researchers in applied mathematics and signal processing have developed powerful wavelet techniques 

for the multiscale representation and analysis of Signals These new methods differ from the traditional Fourier 

techniques Wavelets localize the information in the time-frequency plane; in particular, they are capable of trading one 

type of resolution for another, which makes them especially suitable   for the analysis of non-stationary signals. One 

important area of application where these properties have been found to be relevant is power engineering. Due to the 
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wide variety of signals and problems encountered in power engineering, there are various applications of wavelet 

transform. These range from the analysis of the power quality disturbance signals to, very recently, power system 

relaying and protection. 

The DWT analyzes the signal at different frequency bands with different resolutions by decomposing the signal into a 

coarse approximation and detail information. DWT employs two sets of functions, called scaling functions and wavelet 

functions, which are associated with low pass and high pass filters, respectively. The decomposition of the signal into 

different frequency bands is simply obtained by successive high pass and low pass filtering of the time domain signal. 

The original signal x[n] is first passed through a half band high pass filter g[n] and a low pass filter h[n]. After the 

filtering, half of the samples can be eliminated according to the Nyquist’s rule, since the signal now has a highest 

frequency of π /2 radians instead of π . The signal can therefore be sub sampled by 2, simply by discarding every other 

sample. This constitutes one level of decomposition and can mathematically be expressed as follows:  

 
nhigh nngnxky )2().()(

              (9) 

 
nlow nkhnxky )2()()(

                 (10)                                         

where yhigh[k] and ylow[k] are the outputs of the high pass and low pass filters, respectively, after sub sampling by 2. 

 
Fig. 1 Decomposition diagram 

 

V. EXPERIMENTAL SETUP 

Figure shows the practical experimental setup that was used to conduct the experiment in laboratory. The main 

components required for the setup are: single phase transformer, solid state mechanical relay, induction motor, potential 

transformer, gain control circuit, Advantech data acquisition card, and personnel computer.     
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Fig 2: Practical Experimental setup of the system 

 

Single phase Transformer: 

In experimentation, single phase 2KVA, 230V/230V, isolation transformer is used. It has taps that can be set from 0 V 

to 230 V in steps of 10 V.  Change of taps can be viewed as voltage sag or swell conditions for online simulation. 

Solid State Mechanical Relay 

The solid state mechanical relay is used to act as a tap changer so that the voltage sag and swell conditions can be 

simulated online. The relay has rating of 230V/10A and the operating coil of the relay is provided with the +12V DC 

supply. than nominal voltage, to get required amount of swell magnitude. The No contact is connected to the 100% 

rated voltage tapping of transformer.  

Induction Motor 

Single phase induction motor of 2hp is used to simulate the voltage sag occurring due to the inrush currents. 

Potential Transformer 

A step down transformer of 230/6v is used as potential transformer to provide the signal of desired magnitude for the 

measurement purpose 

Advantech Data acquisition Card 

In this experimentation purpose Advantech data acquisition system use,   specification of this system is PCLD-8710 - 

100 kS/s, 12-bit, 16-ch PCI Multifunction Card - Advantech Co., Ltd. 

Gain control circuit 

The gain control circuit is necessary to prevent the clamping of input voltage signal and also to provide the isolation 

between the computer and the supply. A simple closed loop op-amplifier used as an inverting amplifier as shown in fig 

3 

 
Fig 3: Inverting amplifier as a gain control circuit. 

The output of the inverting amplifier is given as   

Vin
R

Rf
V

1
)0( 

                         
Where, Rf= Feedback Resistor, Rin= Input Resistor. 

Gain=A=Rf/R1. Vin=Input Voltage. 

V (0) =Output Voltage of op-amplifier. 

The gain 0.5 is achieve by choosing the values of Rf =5kΩ and R1=10kΩ. The input voltage at the op-amplifier is 6V 

and voltage available at the output is 3V. 
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Fig 4 Block Diagram of Practical Experimental Setup

 

VI. 

The voltage sag signal was capture at sampling f

depth such as 110V tapping and 80V tapping respectively. The objective is to find out minimum number of samples 

required i.e. window length for accurate estimation of sag and swell. Also the ef

as the sampling frequency increases.  

Fig 5 voltage sag detection using RMS Method

Fig 6 voltage sag detection using Peak Method

Fig 7 Voltage  sag detection using Fourier Transformed Method.
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Block Diagram of Practical Experimental Setup 

VI. RESULTS AND DISCUSSION 

The voltage sag signal was capture at sampling frequency of 500Hz, 1000Hz, 5000Hz and 10000Hz and of different 

depth such as 110V tapping and 80V tapping respectively. The objective is to find out minimum number of samples 

required i.e. window length for accurate estimation of sag and swell. Also the effect on detection time of each method 

 
voltage sag detection using RMS Method (10 khz) 

 
voltage sag detection using Peak Method 

 
sag detection using Fourier Transformed Method. 
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requency of 500Hz, 1000Hz, 5000Hz and 10000Hz and of different 

depth such as 110V tapping and 80V tapping respectively. The objective is to find out minimum number of samples 

fect on detection time of each method 
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Fig 8 Voltage  Sag Detection Using Missing Voltage Method 

 
Fig 9 Voltage Sag Detection Using Wavelet Transformed Method. 

 
Fig 10 Online Detection of Voltage Sag Due to Induction Motor Starting using RMS Algorithm. 

 
Fig 11 Online Detection of Voltage Sag using RMS Algorithm. 

In this paper only results of voltage sag signal capured at sampling frequency of 10Khz has been showed. The result of 

voltage sag of 500Hz,1KHz,5KHz are shown in table 1.1 
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Table 1.1 Voltage Sag Detection Time 

 

 

 
The experimentation study was carried out for observing the effect of sampling frequency on quantification parameters 

and detection time of voltage sag by all proposed methods. The figure 5 shows the result of voltage sag detection using 

RMS method with sampling frequency of 10khz. It observes that the voltage sag is detected at start by 5.8ms using full 

cycle algorithm & 2.6 ms for half cycle algorithm. These are the minimum detection time observed for RMS and 

Fourier Method. The end point of voltage sag also not accurately detected by the all these algorithms excepting Wavelet 

transform method. There is delayed in detection of end point due to the windowing technique. Hence voltage sag 

duration is not accurately detected by these methods. 

So the problems associated with the windowing methods can be resolved by the Wavelet Transformed Method.  From 

figure 9, the initiation of voltage sag at samples no 1057 and end of voltage sag at sample no 2154 respectively as 

shown in figure 9. Thus voltage sag or swell can be detected at exact point of initiation there is no delay while detection 

at start and end point.  
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Figure 12 Voltage Sag Detection Using Wavelet Transfomed Method (Detail 3 component) 

The all cadidate wavelet are applied to the all test result it is found that db13 gives the best results amongs the all family 

of wavelet. The better spikes can be obtained at decomposition level 3 as shown in figure 12.  

The results of online detection of voltage sag using RMS method as shown in figure 12. Also we have detected the 

voltage sag online due to induction motor starting as shown in figure 10. 

 

VII. CONCLUSION 

In this paper, the offline and online detection of voltage sag and swell is carried out using RMS, Peak, Fourier 

transform and Missing Voltage Methods. The offline detection of voltage sag using wavelet transformed method also 

carried out. It can be observed that RMS and Fourier method takes least detection time among the all method. Typical 

detection time for half cycle and full cycle algorithm are 4ms and 10ms respectively.  

The result obtained from the RMS and Fourier Method is approximately same. The RMS method gives information 

about the magnitude and duration of voltage sag. Where, Fourier transform method gives the additional information 

regarding the phase angle jump. 

The response time of RMS and Fourier Method is near to window length. While for Peak value algorithm response time 

is less i.e. peak is detected within the quarter cycle. The Peak and Missing Voltage Method takes the largest detection 

time than RMS and Fourier Method. The half cycle algorithm gives the faster detection than the full cycle algorithm.  

It is observed that as the sampling frequency increases the detection time reduces. The typical least detection time 

obtained among the all method at 10 KHz sampling frequency for half and full cycle RMS algorithm are 3.3ms and 5.8 

ms respectively. It has been observed that, proposed methods does not provides the accurate detection time for lower 

depth voltage sag events.  

At last the wavelet transformed method is superior over the other method. It gives accurate sag initiation point and sag 

end point. This information is very useful while mitigating the voltage sag. The delay in sag detection is completely 

minimized. Thus wavelet transform gives the exact duration of voltage sag/swell.   
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ABSTRACT 

This Power quality disturbances (PQDs) have a significant impact on the efficient operation 
of electrical systems. Detecting and classifying these disturbances accurately is crucial for 
ensuring a stable and reliable power supply. This research paper explores the use of the 
Hilbert envelope and Feed Forward Neural Network (FFNN) in detecting and classifying 
the PQDs. The Hilbert envelope, derived from the Hilbert Transform (HT), provides a 
valuable technique for analyzing non-stationary signals. The paper outlines the 
methodology, implementation process, and detailed results, showcasing the effectiveness of 
the Hilbert envelope technique in enhancing the reliability of power systems. In this study 
we have mainly considered sags, swells, and interruptions disturbances which are analyzed 
using the Hilbert envelope for feature extraction. The features extracted from Hilbert 
envelope are then fed to FFNN classifier. This paper outlines the methodology, 
implementation process, and detailed results, showcasing the effectiveness of utilizing the 
Hilbert envelope and FFNN in detection and classification of PQDs. 

 

Keywords:- Power Quality Disturbances, Hilbert Transform, Hilbert Envelope, Feed 

Forward Neural Network 

 

INTRODUCTION 

In the ever-evolving landscape of 
electrical power systems, maintaining a 
high-quality power supply is paramount. 
Power quality disturbances, ranging from 
voltage fluctuations to harmonic 
distortions, pose formidable challenges to 
the reliability and stability of power 
system.  

 

Accurate detection and classification of 
these disturbances are pivotal for prompt 
corrective actions, ensuring uninterrupted 
power flow and safeguarding connected 
devices. Traditional methods often fall 
short when dealing with non-stationary 
signals characteristic of power quality 
issues. In response, this research paper 
delves into an innovative approach: the 

application of the Hilbert envelope 
derived from the Hilbert transform. By 
harnessing the power of advanced signal 
processing, this study explores the 
feasibility and efficacy of the Hilbert 
envelope in recognition of different 
PQDs. 
 

HILBERT TRANSFORM 

The Hilbert transform is a largely used 
signal processing technique to analyze 
the discrete-time signals. It is used to 
compute the analytic signal, which 
contains both amplitude and phase 
information of a real-valued input signal. 

The HT of a discrete-time signal      
produces a complex signal      such that 

             ̂   , where  ̂    is the 

HT of     . Here, j is the imaginary unit 
(j

2
=-1). 
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HILBERT ENVELOPE 
The Hilbert envelope of a input signal 
     is computed using the HT. The 
discrete-time HT can be obtained using the  

 
Discrete Fourier Transform (DFT) 
method. For a given input signal     , the 
Hilbert envelope is computed as: 

 
1. Compute the DFT of the signal x[n] to get X[k]. 

                                                                ∑        
  

 
     

                                                 
(1) 

Where N represents signal length, n is the discrete time index, k is the frequency index, and 
j is the imaginary unit. 
 
2. Set the negative frequency components of X[k] to zero. 

                                                 {
                       

 

 
                 

          
 

 
   

 

 
           

                               
(2) 

3.                                                                                          
x[n]. 

                                                           ̂    
 

 
∑  ̂     

  

 
     

                                                  
(3) 

                                                                            -time signal x[n]. 
In practice, these computations are often performed using efficient algorithms like the Fast 
Fourier Transform (FFT) for practical applications. 

 

PROPOSED METHODOLOGY 

 

 

Fig.1:-Flowchart of the proposed HT and FFNN Based Algorithm 
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The Power Quality Disturbances required 

to implement the proposed algorithm are 

generated using the MATLAB Simulink 

model of Power Quality Disturbances. 

Multiple cases are created by varying the 

parameters and conditions in order to get 

the dataset required for the verification of 

proposed algorithm. The proposed 

algorithm is split in two phases. In the 

initial phase the disturbances are detected 

using the Hilbert Transform and detection 

flag is set, once the occurrence of 

disturbance is detected then it needs to be 

classified. In the later phase the 

disturbances are classified using the steps 

given in the flowchart. Figure shows the 

proposed HT and FFNN based algorithm 

used to classify the PQDs. Figure 2 shows 

the MATLAB Simulink model used to 

generate the desired Power Quality 

Disturbances. Mainly three PQDs are 

considered in this research work namely, 

sag, swell and interruption.  

The voltage sag is created by three phase 

fault, voltage swell is created by capacitor 

switching and interruption is created by 

operating the breaker. Multiple cases are 

created by varying the circuit parameters 

to generate the dataset required for the 

verification of proposed algorithm. 
 

GENERATION OF POWER 

QUALITY DISTURBANCES 

Figure 2 shows the MATLAB Simulink 

model used to generate the desired Power 

Quality Disturbances. Mainly three PQDs 

are considered in this research work 

namely, sag, swell and interruption. The 

voltage sag is created by three phase fault, 

voltage swell is created by capacitor 

switching and interruption is created by 

operating the breaker. Multiple cases are 

created by varying the circuit parameters 

to generate the dataset required for the 

verification of proposed algorithm. 

 

 

Fig.2:-MATLAB Simulink model used to Generate PQDs 

 

 

DETECTION OF POWER QUALITY 

DISTURBANCES 

Figure 3 shows the Hilbert transform 

based detection of voltage sag signal. In 

this figure the first signal represents the 

original signal, second signal represents  

 

the Hilbert magnitude and third signal 

represents the detection flag. The 

detection flag is set at the instant of 

occurrence of event and last till the 

duration of event. 
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Fig.3:-Detection of occurrence of voltage sag using HT 

 

Figure 4 shows the Hilbert transform 

based detection of voltage swell signal. 

In this figure the first signal represents 

the original signal, second signal 

represents the Hilbert magnitude and 

third signal represents the detection flag. 

The detection flag is set at the instant of 

occurrence of event and last till the 

duration of event. 

 
Fig.4:-Detection of occurrence of voltage swell using HT 
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Figure 5 shows the Hilbert transform 

based detection of voltage interruption 

signal. In this figure the first signal 

represents the original signal, second 

signal represents the Hilbert magnitude 

and third signal represents the detection 

flag. The detection flag is set at the 

instant of occurrence of event and last till 

the duration of event. 

 
Fig.5:-Detection of occurrence of voltage interruption using HT 

 

HILBERT ANALYSIS OF POWER 

QUALITY DISTURBANCES 

In the Hilbert analysis the voltage signal 

is processed using HT to obtain the 

Hilbert envelope. Figure 6 shows the  

 

voltage sag signal along with its Hilbert 

envelope obtained from Hilbert analysis. 

This envelope is further used for feature 

extraction.  

 
Fig.6:-Hilbert Envelope of voltage sag signal 
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Figure 7 shows the voltage swell signal along with its Hilbert envelope obtained from Hilbert 

analysis. This envelope is further used for feature extraction.  

 
Fig.7:-Hilbert Envelope of voltage swell signal 

 

Figure 8 shows the voltage interruption 

signal along with its Hilbert envelope 

obtained from Hilbert analysis. The 

shape of the envelope corresponding to 

pure sinusoidal signal is constant, 

whereas it varies as per the change in the 

magnitude of disturbance signals. Thus, 

by observing the shape of the Hilbert 

envelope we can clearly discriminate the 

type of the disturbance. This envelope is 

used for feature extraction. The extracted 

features are statistical parameters (mean, 

max, standard deviation and energy) 

calculated from the Hilbert envelope. 

These features are then fed to the FFNN 

Classifier for classifying the type of 

disturbances. 

 
Fig.8:-Hilbert Envelope of voltage interruption signal 
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CLASSIFICATION OF PQDs USING 

FEED FORWARD NEURAL 

NETWORK 

The four features extracted from the HT 

analysis of voltage signals are used for 

training and testing the FFNN classifier. 

The feature vector with 48 datasets of each 

disturbance (48x3=144) are fed to FFNN 

classifier. 80% of the data (115 datasets 

out of which 39 datasets of sag, 41 

datasets of swell and 35 datasets of 

interruptions) are used for training and  

 

20% data (29 datasets out of which 7 

datasets are of sag, 7 datasets are of swell 

and 13 datasets are of interruptions) are 

used for testing purpose. Figure 9 shows 

all confusion matrix, from this matrix it is 

found that voltage sag is classified with an 

accuracy of 93.8%, voltage swell is 

classified with 100% and voltage 

interruption is classified with 95.8% 

accuracy. The overall accuracy of 

classifier is 96.5%. 

 

Fig.9:-All Confusion Matrix of FFNN Classifier 

 

The FFNN classifier's training results are 

displayed in the form of confusion matrix 

in figure 10, from this matrix it is found 

that voltage sag is classified with an 

accuracy of 97.3%, voltage swell is 

classified with 100% and voltage 

interruption is classified with 97.1% 

accuracy. The overall accuracy of training 

is 96.5%. 

 

Fig.10:-Training Confusion Matrix of FFNN Classifier 
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The FFNN classifier's testing results are 

displayed in the form of confusion matrix 

in figure 11, from this matrix it is found 

that voltage sag is classified with an 

accuracy of 100%, voltage swell is 

classified with 100% and voltage 

interruption is classified with 92.3% 

accuracy. The overall accuracy of training 

is 96.6%. 

 

 

Fig.11:-Testing Confusion Matrix of FFNN Classifier 

CONCLUSION 

This paper presents the unique 

combination of HT and FFNN for 

accurately detecting and classifying 

PQDs. The integration of HT provides 

a solid foundation for extracting useful 

features from power signals, enabling a 

comprehensive analysis of 

disturbances. Its ability to transform 

signals into the analytic domain has 

proven invaluable in identifying subtle 

variations and irregularities in power 

waveforms. Additionally, the utilization 

of FFNN, with its capacity to learn 

complex patterns and make precise 

predictions, enhances the classification 

accuracy. The features extracted from 

the HT are simple and effective. The 

time required to train and test the 

FFNN is less also it is less complex. 

The overall accuracy of classification is 

found to be 96.5%. The computational 

time and complexity of HT is less as 

compared to Wavelet Transform and S-

Transform. Hence, the proposed 

method is found to be fast and more 

efficient. 
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ABSTRACT— 

When a wind farm is integrated into the power system, it encounters stability issues. To maintain air gap flux, fixed-speed induction generators require reactive 

power. Static Synchronous Compensator (STATCOM) and Static Synchronous Series Compensator (SSSC) reactive power equipment can be used to recover 

induction generators from severe system disturbances and stabilize grid-connected wind generators. These devices are capable of absorbing or injecting reactive 

power. A nonlinear controller is a neuro-fuzzy controller (NFC). Neuro-Fuzzy controlled STATCOM and SSSC can be used to stabilize grid-connected wind 

turbines. 

Keywords— wind farm (WF), grid, Induction Generator (IG), STATCOM, SSSC, reactive power compensation, Neuro-fuzzy controller (NFC), various 

types of faults. 

1. Introduction:  

A wind farm (WF) is made up of several wind turbine-generating systems that work together. Because of their simple, rugged, and maintenance-free 

construction, induction generators (IG) are widely used as wind turbines. IGs are directly connected to the power grid. IGs need reactive power to produce 

active power in order to sustain air gap flux. 

The grid provides this reactive power. When disturbances such as faults occur, IGs' reactive power consumption increases. If the grid is unable to meet 

the reactive power requirements of IGs, wind turbines trip. This has an impact on the voltage profile of the bus to which WF is connected, resulting in 

grid instability. As a result, whenever a grid disturbance occurs, reactive power compensation is required to maintain grid stability.  

Popular flexible AC transmission systems (FACTS) tools like Static Synchronous Compensator (STATCOM) and Static Synchronous Series 

Compensator (SSSC) are particularly helpful for delivering reactive power and supporting the bus voltage of a WF at the same time. By regulating the 

amount of reactive power injected into or absorbed from the power supply, both adjust the voltage at terminals. Reactive power is produced when the 

system voltage is low (capacitive). They take in reactive power when the system voltage is high (inductive).  

Neuro-fuzzy(NF) control can effectively deal with power system uncertainties. Neuro-fuzzy is the combination of neural network and fuzzy logic in the 

case of STATCOM, the conventional PI controller is used to generate the reference current Iqref, and in the case of SSSC, vq_conv. The PI controller 

necessitates the use of precise linear mathematical models. It is extremely difficult to obtain parameter variation in the presence of nonlinearity and load 

disturbance, and its performance is subpar. The benefit of neuro-fuzzy controllers (NFC) over traditional controllers is that they do not require an accurate 

mathematical model. NFC is capable of working with imprecise inputs. It handles nonlinearity and is more robust than a traditional PI controller. NFC 

mimics human decision-making and can often be used more successfully in complex systems than traditional control techniques. This paper compares 

neuro-fuzzy controlled STATCOM and SSSC for various types of faults. 

2. STATCOM & SSSC Model  

The static synchronous compensator (STATCOM) is a shunt controller, and the static synchronous series compensator (SSSC) is a series FACTS 

controller that uses voltage-sourced converter VSC technology. A VSC produces a synchronous voltage with a fixed fundamental frequency and variable 

magnitude and phase angle. The output vq_conv of the Vq voltage regulator block is fed to the PWM modulator, which controls the pulses of the SSSC's 

VSC. The output Iqref of the AC voltage regulator block is given to the current regulator and then to the PWM modulator, which controls the pulses of 

the STATCOM's VSC, the schematic diagram of the control system of a STATCOM and SSSC is shown in Fig 1 and Fig 2. 
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Fig 1. Schematic Diagram of the control system of a STATCOM 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Schematic Diagram of the control system of an SSSC. 

3. Modelling of neuro fuzzy controller 

Neuro-fuzzy controller (NFC) is a combination of a neural network (NN) and a fuzzy system (FS). Neuro-fuzzy systems are well-known for their ability 

to Combine the benefits of FS and NN. The outputs of NN and FS are combined in this paper to modify the overall output. 

 The FLC has two inputs: error voltage (ev) and change in error voltage (cev). In the case of STATCOM, iqref is the controller output, and vq_conv is 

the output of SSSC. The FLC output and inputs are scaled for convenience using the coefficients kIqref, kvq_conv, kcev, and kev. These scaling factors 

were chosen by trial and error in this paper as shown in Fig 3, the input fuzzy sets use triangular membership functions with overlap. The language 

Variables are denoted by N (Negative), Z (Zero), and P (Positive) (Positive). 

The following IF-THEN rules are used to indicate the fuzzy mapping of the input variables to the output:  

IF(ev=N) and (cev=N) THEN (output=P) 

IF(ev=N) and (cev=Z) THEN (output=P) 
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IF(ev=N) and (cev=P) THEN (output=Z) 

IF(ev=Z) and (cev=N) THEN (output=P) 

IF(ev=Z) and (cev=Z) THEN (output=Z) 

IF(ev=Z) and (cev=P) THEN (output=N) 

IF(ev=P) and (cev=N) THEN (output=Z) 

IF(ev=P) and (cev=Z) THEN (output=N) 

IF(ev=P) and (cev=P) THEN (output=N) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Rule base and Membership function of the neuro-fuzzy controller. 

STATCOM output is Iqref, while SSSC output is vq_conv. The designed neural network is a feed-forward two-layer network with 20 neurons. In order 

to train the network, the Leaven Berg Marquardt approach is employed. Fig 4 and 5 depict the design of a neuro-fuzzy controller. The NFC is connected 

to the AC voltage regulator of the STATCOM block and the injected voltage regulator of the SSSC block, as shown in Fig. 
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Fig 4. NFC Connected to AC voltage regulator of STATCOM 

 

 

 

 

 

 

 

 

 

Fig 5. NFC connected in injected voltage regulator of SSSC 

4. Model of test system 

The wind farm under consideration in this paper has three 3 MW turbines. As a result, the wind farm has a capacity of 9 MW. Mentioned A 120/25 kV 

transformer and a 203 25 kV, 2-lined distribution line with a 25 km length and a 120/25 kV transformer connect the units to the grid. In this model, 

squirrel cage induction generators are used, and stator windings are directly connected to  

 

 

 

 

 

 

 

 

 

Fig 6. Test system model with STATCOM. 
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Fig 7. Test system model with SSSC. 

the grid, with a capacitor bank used at the junction point to compensate for a portion of the required reactive power. Figures 6 and 7 show simulated 

system models for STATCOM and SSSC, respectively. This grid is used to investigate and assess machine and wind farm stability. 

5. Analysis of simulations 

Several tests were run to compare the performance of the neuro-fuzzy controlled STATCOM & SSSC with neuro-fuzzy control. 

Case Study-1: An LLLG fault occurs 25 kilometers on a transmission line near a circuit breaker (C.B) at 15 seconds and is cleared after 200 milliseconds 

or 15.2 seconds. The system's settling time has decreased, making it relatively stable. Below figures depict neuro fuzzy. STATCOM has a shorter settling 

time than neuro fuzzy SSSC.   

Case Study 2: An LLG fault occurs on a 25-kilometer transmission line near the CB at 15 seconds and is cleared after 200 milliseconds or 15.2 seconds. 

Case Study 3: An LL fault occurs at 15 seconds on a 25-kilometer transmission line near the CB and is cleared after 200 milliseconds, i.e. the fault is 

cleared at 15.2 seconds. 

Case Study 4: An LG fault occurs at 15 seconds on a 25-kilometer transmission line near CB and is cleared after 200 milliseconds. At 15.2 seconds, the 

fault is cleared. 

Case Study 5:  A LLL fault occurs at 15 seconds on a 25-kilometer transmission line near the CB and is cleared after 200 milliseconds. i.e. fault removed 

at 15.2sec. 

Case Study 6: A LLL fault occurs at 15 seconds on a 25-kilometer transmission line near the CB and is cleared after 200 milliseconds. At 15.2 seconds, 

the fault was cleared. 

6. Conclusion 

It is made abundantly evident that STATCOM fitted with a neural fuzzy controller performs better and operates faster. SSSC paired with a neuro-fuzzy 

controller provides a faster response. The neuro-fuzzy STATCOM response is superior to the neuro-fuzzy SSSC response when the system is used with 

different cases in this paper. Using neuro-fuzzy STATCOM compared to neuro-fuzzy SSSC, the system is more stable. As a result, it can be stated that 

it is preferable to connect STATCOM with a Neuro-fuzzy controller in the instances and systems under consideration because it may boost stability and 

improve grid-connected wind generator performance better than SSSC. 
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CASE 1: LLLG FAULT 
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Reactive power at Windmill 2 

 

 

 

 

 

 

 

 

Reactive power at Windmill 3 
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Pitch angle variation of a windmill 

 

 

 

 

 

 

 

Wind speed variation of a windmill 
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CASE 2: LLG FAULT 

 Active power at B25 Bus 
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CASE 3: LL FAULT 

Active power at B25 Bus 
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CASE 4: LG FAULT 

Active power at B25 Bus 
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CASE 5: LLL FAULT 

Active power at B25 Bus 
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ABSTRACT 

Issues and malfunctions in induction motors can result in significant periods of inactivity and 

substantial financial losses due to maintenance and decreased revenue. This underscores the 

importance of monitoring motors, detecting potential faults in their early stages, and 

facilitating diagnoses. Among the recurrent problems encountered in induction motors, turn-

to-turn short circuits, bearing degradation, and cracked rotor bars are the most prevalent. 

This study introduces an approach for detecting multiple faults in induction motors. The 

Principal Component Analysis (PCA) is recommended to condense the feature dataset 

extracted from motor currents under both normal and faulty conditions. From a pool of 

fourteen statistical parameters derived from stator currents, the application of PCA reduces 

the dimensionality to ten new features. These newly formed features are subsequently 

harnessed to categorize faults in induction motors using the Artificial Neural Network (ANN) 

classifier. Furthermore, a comparison of classification outcomes is conducted before and 

after employing principal component analysis. Empirical findings validate that by employing 

PCA in conjunction with ANN, it is possible to accurately classify various faults present in an 

induction motor. 

 

Keywords:-PCA: ANN: Fault diagnosis: Feature selection 

 

INTRODUCTION 

The induction motor serves as a critical 

component within numerous industrial 

processes, making any instance of machine 

failure a matter of significant consequence 

for industries at large. The imperative to 

minimize downtime and prioritize safety 

underscores the pressing need for early 

detection of motor anomalies, thereby 

necessitating the implementation of 

condition-based monitoring protocols 

specifically tailored to induction motors. 

The spectrum of notable faults that afflict 

induction motors encompasses issues 

related to bearings, stator windings, and 

rotors. Among these, bearing faults 

account for approximately a fifth of all 

reported malfunctions, while interturn 

short circuits within the stator windings 

contribute to around a third of the reported 

faults. Additionally, faults stemming from 

broken rotor bars and end ring issues make 

up roughly 10% of the total induction 

motor fault landscape. A central concern in 

the domain of machine condition 

monitoring revolves around the diagnosis 

of machine faults. The process of 

discerning the immediate "health" status or 

operational well-being of the motor 

undergoing observation is denoted as 

diagnosis. By embracing reliable 

diagnostic techniques, the risks associated 

with unforeseen machine breakdowns can 

be effectively mitigated, concurrently 

promoting an extension of the overall 

machine lifespan. In light of these 

imperatives, the prevailing trajectory in the 

industrial landscape is notably inclined 

towards the adoption of condition-based 
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approaches for both preventive and 

proactive maintenance strategies. 

A comprehensive condition-based 

monitoring system consists of several key 

elements, including the machinery being 

monitored, condition monitoring sensors, 

signal processors, fault classifiers, 

machine models, and the monitoring 

output. The accuracy of fault classification 

is crucial, as errors and uncertainties in 

this process can result in false alarms. This 

challenge has prompted researchers to 

develop more robust and dependable 

condition monitoring systems. 

In today's highly competitive market 

environment, the emphasis is shifting from 

scheduled maintenance and routine 

monitoring to condition-based 

maintenance and effective fault 

monitoring. Engineers and researchers 

have increasingly directed their efforts 

towards early detection of emerging faults 

and the implementation of preventive 

maintenance strategies. Notably, various 

methodologies centered on current and 

vibration spectral analysis have been 

proposed. These approaches leverage 

techniques such as Fourier transform and 

wavelet transform for the proactive 

monitoring of specific faults in induction 

motors. Traditionally, methods for 

detecting bearing faults and rotor faults 

have relied on spectrum analysis of motor-

related parameters, including voltage, 

current, and instantaneous input power. 

However, advancements in monitoring 

techniques continue to shape the landscape 

of fault detection and maintenance 

strategies. 

In today's competitive market landscape, 

there is a growing emphasis on condition-

based maintenance and effective fault 

monitoring, surpassing the traditional 

approach of scheduled maintenance and 

routine checks. This shift has garnered 

significant attention from engineers and 

researchers alike, particularly directed 

towards the early detection of potential 

faults and the implementation of 

preventive maintenance strategies. 

Notably, various approaches leveraging 

current and vibration spectral analysis 

have been put forth for the proactive 

monitoring of specific faults in induction 

motors. These methodologies often 

involve the utilization of techniques such 

as Fourier transform and wavelet 

transform. These conventional techniques 

often revolve around spectrum analysis of 

motor-related parameters such as voltage, 

current, and instantaneous input power.  

The effectiveness of these approaches for 

effective motor fault analysis, specifically 

focusing on issues like bearing and rotor 

faults has been explored in [1][2]. At 

present, the assessment of induction motor 

conditions involves contemporary 

measurement methods, data processing 

strategies, and spectral analysis 

approaches. The prevalent methods for 

extracting fault-related features often 

revolve around Fourier spectral analysis 

conducted through FFT [3]. A 

phenomenological model was created by 

Gallardo[4], Barrios[5], and Gonzalez[6] 

to replicate fractured rotor bars within an 

induction motor. The diagnosis of inter-

turn faults in the stator of three-phase 

induction motors is detailed through the 

utilization of Park's vector technique[7]. 

An induction motor experiencing an 

interturn fault in its stator is depicted as an 

asymmetrical three-phase system. Within a 

power system context, an asymmetrical 

three-phase configuration can be 

conceptualized as the amalgamation of 

three symmetrical systems: positive, 

negative, and zero-sequence. Many 

scholars have endeavored to identify inter-

turn faults by computing the negative 

sequence current[8],[9] and negative and 

zero sequence impedances[10],[11]. A 

diagnostic approach for inter-turn faults 

has been presented, rooted in the notion of 

pendulous oscillation in [12]. 

The majority of these methods encompass 

the analysis of vibrations and stator 

currents due to their straightforward 
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measurability and strong dependability. 

Nevertheless, vibration analysis mandates 

costly sensors and specialized signal 

processing equipment. In the suggested 

study, emphasis is placed on employing 

current signals for diagnosing faults in 

induction motors. In tandem with the 

advancement of AI systems, specialized 

systems utilizing neural networks and 

fuzzy logic have been harnessed to aid in 

detecting faults by accurately deciphering 

the anomalous data [13]. Hence, it can be 

concluded that numerous methods exist to 

diagnose distinct faults in induction 

motors, primarily conducted offline. This 

underscores the requirement for a 

comprehensive approach enabling real-

time detection of multiple faults. In this 

research, an algorithm rooted in neural 

networks is put forth to classify bearing 

faults, rotor bar cracks, and stator inter-

turn faults within induction motors. 

Currents extracted from motor terminals 

are subjected to processing to derive 

meaningful characteristics, subsequently 

undergoing PCA to streamline the feature 

set's dimensions. 

The Principal Component denotes the line 

within the n-dimensional data that best 

aligns with the data points, aiming to 

minimize the average squared distance 

between the points and the line. Principal 

Component Analysis involves the process 

of selecting principal components while 

disregarding others, serving to alter the 

data's foundational basis. PCA stands as a 

non-parametric statistical technique 

employed for dimensionality reduction in 

various exploratory data analyses aimed at 

constructing predictive models. In this 

procedure, vectors are identified in a 

manner that encapsulates the original data 

with the least possible dimensions, 

ensuring that the newly derived vectors 

preserve the utmost variance information. 

PCA transforms primary high-dimensional 

data into a feature dataset of smaller 

dimensions where the variance is 

maximized. Its inception dates back to 

Karl Pearson's initial proposition in 1903, 

followed by further development by 

Harold Hotelling in 1930. PCA 

computation can be conducted using 

eigenvalues or covariance. The 

applications of PCA span multiple 

domains, including biomedical signal 

processing, image manipulation, artificial 

intelligence, and pattern recognition. The 

most advantageous aspect of PCA lies in 

its ability to decrease the data's dimensions 

with minimal information loss. This 

reduction in dimensionality leads to 

decreased computational requirements and 

resource utilization, while also mitigating 

the impact of noise [21]. 

Suppose x = (x1, x2,…, xM)' are M×1 vectors, xi   is row vector of N points. 

Suppose  

Step 1:- 

 ̅  
 

 
∑    
 
               (2.1) 

Step 2:- Subtract the mean from original variable 

       ̅                                                (2.2) 

Step 3:- compute covariance matrix 

 

 
 

 
∑      

  
                                       (2.3) 

Step4:- Compute the eigen values of                       
Step5:- Compute the eigen values of C: U1, U2. . . . . . . . . .  UN 

Step6:-Select the K
th

 eigen vector with maximal eigen value (Principal Component) 

Using PCA reconstruction a given signal can be recognized using few dominant principal 

components which contains most of the energy. The related eigen vectors and eigen values 
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are obtained by linear algebraic decomposition. For finding the principal component the 

condition used is given by 
∑   
 
   

∑   
 
   

                                               (2.4) 

Where the λi is eigen values of covariance matrix of   x = (x1, x2,…, xM)'. Generally 

threshold chosen is around 0.9 to 0.95 [22] 

 

ARTIFICIAL INTELLIGENCE 

A neural network is acknowledged as a 

computational technique inspired by 

biological systems. It encompasses 

processing units, connections, and 

coefficients. Neurons serve as the 

processing units, training and recall 

algorithms function as connections, and 

weights are assigned to these connections 

as coefficients. Artificial neural networks 

possess traits including adaptive learning, 

generalization, extensive parallelism, 

resilience, associative information storage, 

and the processing of spatiotemporal 

information [22]. Artificial intelligence 

finds application across a multitude of 

domains such as pattern recognition, 

speech understanding, biomedical 

diagnostics, as well as the detection and 

diagnosis of induction motor faults [23]. 

The neural network structure employed in 

this context is a three-layer configuration, 

encompassing an input layer, a hidden 

layer, and an output layer. This specific 

design adopts the artificial feed-forward 

network topology for its simplicity. During 

the training of input patterns, a feed-

forward network is utilized, while the 

backpropagation method is employed to 

compute errors and derive weight 

adjustments based on these error 

calculations. Activation progresses from 

the input layer through the hidden layer 

and finally to the output layer. 

 
Fig.1:-Architecture of Artificial Neural Network 

 

EXPERIMENTAL SETUP 

To conduct trials and generate data, a 2 

H.P, 3-phase, 4-pole, 415-volt, 50 Hz 

squirrel cage induction motor is employed 

to simulate various faults in the motor. The 

experimental arrangement is depicted in 

Figure 2. The utilized motor features 24 

coils within 36 slots. Each phase is 

comprised of 8 coils, amounting to 300 

turns. A tapping procedure is implemented 

on each phase, with tapping initiated after 

10 turns, originating from the star point 

(neutral). Tapping is executed from coils, 

forming groups of around 70 to 80 turns 
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each. Current and voltage signals are 

captured using ADLINK DAQ at a 

sampling rate of 1 kHz, considering 

diverse load and supply scenarios for the 

subsequent scenarios. 

 

 
Fig.2:-Experimental Setup 

 

A. In the healthy state, a 2 H.P motor is 

connected to a balanced three-phase power 

supply. The motor load is adjusted across 

the entire range, from no load to full load. 

Stator current signals and phase voltages 

are recorded under various load and supply 

conditions. 

B. The motor being tested is equipped with 

two bearing types: 6204 and 6205. 

Bearings exhibiting inherent imperfections 

due to regular motor operation are 

employed in the experimental 

investigations. Diverse combinations of 

bearings, some of which have defects in 

the inner or outer race, are installed in the 

motor. Stator currents and voltages are 

acquired for each bearing combination, 

facilitating a comparison with the 

reference healthy bearing condition. 

Multiple experiments were conducted, 

involving various arrangements of rear and 

load side bearings, to assess the bearing’s 

performance and their impact on the 

motor's overall operation. 

C. Stator Interturn Short Circuit: In this 

specific scenario, the stator windings of an 

induction motor were adjusted to 

incorporate multiple accessible tapings, 

strategically introduced to create short 

circuits. In this experimental phase, 

tapping was performed on phase A, 

involving increments of 10 turns. A series 

of distinct trials were conducted, each 

involving the short-circuiting of 10 turns 

within phase A of the motor. 

Subsequently, phase voltage and stator 

current signals were meticulously recorded 

under varying loading conditions. 

D. Broken Rotor Bars: The induction 

motor subjected to testing is equipped with 

a total of 32 rotor bars. For the purpose of 

conducting the rotor broken bar 

examination, two rotor bars are 

intentionally broken on both ends of the 

end rings. Throughout this testing phase, 

stator current signals are meticulously 

collected across a range of loading 

conditions. 
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Fig.3(a –d) shows the stator current signals 

recorded from the  motor terminals at full 

load during  normal and under  various 

fault conditions 

 

 
Fig.3(a):-Current signal of the healthy condition of motor 

 

 
Fig.3(b):-Current signal of the bearing fault 

 

 
Fig.3(c):-Current signals of 20% inter turn fault 
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Fig.3 (d):-Current signal of rotor bar crack 

 

 

FEATURE EXTRACTION AND 

PRINCIPAL COMPONENT 

ANALYSIS 

Current signals obtained during abnormal 

motor conditions exhibit resemblances to 

those of a normal motor. The time 

waveforms, illustrated in Figure-3(a-d), 

manifest minimal distinguishable 

discrepancies across diverse motor states. 

Consequently, the need arises to devise a 

feature extraction methodology for 

effectively categorizing these anomalies. 

The classification of faults involves the 

extraction of statistical parameters.  

 

This set of statistical parameters 

encompasses quantities such as minimum, 

maximum, mean, median, summation, 

absolute summation, root mean square 

(RMS) value, energy, kurtosis, crest factor, 

shape factor, standard deviation, variance, 

and Skewness. These parameters are 

computed based on the stator current 

signals that have been captured. The 

mathematical formulas for calculations of 

these 14 statistical parameters is given in 

[24]. 

In classification models, feature reduction 

holds significant importance as it aims to 

eliminate irrelevant data for the purpose of 

enhancing accuracy. The feature reduction 

framework serves to streamline high-

dimensional data into a lower-dimensional 

format characterized by uncorrelated 

attributes. The employment of Principal 

Component Analysis (PCA) as a feature 

extraction method precedes the training of 

Artificial Neural Networks (ANN) with 

the intention of diminishing the presence 

of redundant information. PCA is 

implemented to calculate statistical 

parameters that facilitate data reduction. 

The fundamental concept underpinning 

this approach is the ability to derive the 

most pertinent components or factors from 

the initial features. 

 

In Figure 4, the Scree plot illustrates the 

relationship between eigenvalues and the 

count of principal components. The plot 

reveals that the initial four components 

exhibit sufficiently high eigenvalues. As a 

result, these first four principal 

components, out of the total 42, are chosen 

to serve as inputs for the ANN. 

Conversely, the remaining components are 

disregarded due to their relatively low 

values. 
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Fig.4:-Scree plot of Eigen Values 

 

RESULT AND DISCUSSION  

Leveraging its remarkable aptitude for 

pattern recognition, an Artificial Neural 

Network (ANN) proves to be a robust tool 

for efficiently classifying faults in 

induction motors. In this study, a three-

layer Feedforward Artificial Neural 

Network (FFANN) is employed, and its 

training involves the Back Propagation 

technique under supervised learning. The 

FFANN architecture comprises an input 

layer, a hidden layer, and an output layer. 

Within the input layer, four processing 

elements correspond to the four principal 

components obtained through PCA 

analysis. Meanwhile, the output layer 

encompasses four processing elements 

representing distinct conditions: healthy 

state, bearing fault, interturn fault, and 

rotor bar crack. 

To ensure robustness, the network is fed 

randomized data, employing the 

Transigmoid transfer function for training 

purposes. This approach yields a 

classification accuracy percentage. Based 

on these assumptions, the classification 

accuracy percentage is determined for 

healthy, bearing fault, interturn fault, and 

broken rotor bar conditions in induction 

motors, considering the number of 

processing elements in the hidden layer. 

To highlight the advantages of PCA, a 

comprehensive analysis of fault 

classification is conducted both with and 

without PCA. The outcomes, summarized 

in Table 1, substantiate the enhanced 

classification accuracy achieved through 

the integration of PCA in the fault 

classification process for induction motors. 

 

Table 1:-Fault classification of Induction Motor Using Time Domain and PCA-ANN Based 

Approach 
Method Input to ANN For 4 Processing Element 

Time Domain 

Statistical Parameter 

Based 

Approach(Without 

PCA) 

14 Statistical 

Parameter of current 

Ia, Ib, Ic 

Total 42 Input 

Motor Condition 

% Accuracy of 

classification obtained from 

ANN 

Healthy 100 

Bearing Fault 95 

Inter Turn Fault 100 

Rotor bar Crack 100 
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PCA-ANN Based 

Approach 

Major Principal 

Components 04 Input 

Motor Condition 

% Accuracy of 

Classification obtained 

from ANN 

Healthy 100 

Bearing Fault 100 

Inter Turn Fault 100 

Rotor bar Crack 100 
 

 

The results were compared with those 

obtained using all the features as input for 

ANN. Examination of Table 1 reveals that 

when utilizing 4 principal components as 

input to the ANN with a hidden layer 

consisting of 4 processing elements, the 

PCA-ANN approach achieves a fault 

classification accuracy of 100% for 

induction motors. 

 

 
Fig.5:-Number of processing elements versus percentage accuracy 

 

Figure 5 shows the details of number of 

processing element versus percentage 

accuracy of classification for PCA-ANN 

based approach.  

 

CONCLUSION 
The study introduces an approach for 

classifying faults in induction motors, 

referred to as PCA-ANN Based approach. 

To evaluate its efficacy, a comparison is 

made against a time-domain-based 

method. When employing four processing 

elements, the PCA-ANN-based strategy 

achieves a fault classification accuracy of 

100%. The recorded current signals in both 

healthy and faulty states undergo further 

analysis to derive statistical parameters. In 

order to streamline the data and eliminate 

redundancy, Principal Component 

Analysis (PCA) is employed to extract 

relevant features. Specifically, the top four 

principal components with significant 

eigenvalues are chosen as inputs for the 

ANN. Consequently, the PCA-ANN 

approach, utilizing a hidden layer with 

four processing elements, attains perfect 

accuracy in identifying induction motor 

faults. Simultaneously, this method 

mitigates the computational load. 
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Abstract—The Induction motor fault can lead to financial loss
in any place where it is used. Hence, an early detection and
diagnosis of fault and its classification becomes most important
for the smooth working of the system. In this paper the study
proposes an algorithm for fault classification. The second order
blind identification method (SOBI) is used for calculating the
estimates and these estimates are given to the ANN for fault
classification. Result indicates the input requirements are reduced
for the classification of faults when 14 statistical parameters of
2nd and 3rd estimates of SOBI are given to the ANN.

Index Terms—SOBI, BSS, ANN, Fault Classification

I. INTRODUCTION

The induction motor ranks among the most frequently
employed motors within industrial settings. About 60% of the
industrial load is induction motor load. The induction motor
fault causes the industrial process to halt. This causes huge
amount economic losses to the industries. The types of fault
those an induction motor come across are rotor faults and
stator faults. The rotor fault accounts for 20% faults on the
induction motor. Rotor faults encompass categories such as
rotor eccentricity, damage, fracture or deformation of rotor
cage bars, and cracks or fractures in end rings, as well as rotor
bowing [1]. The total faults of induction motor 40% faults
reported are the bearing fault. Stator related issues generally be
divided into two main groups: (i) faults related to laminations
and the frame and (ii) faults associated with stator windings.
These faults can occur in an induction motor due to various
stress factors, including mechanical, thermal, electrical, and
environmental factors, leading to potential fault conditions[2].

Numerous techniques and technologies are being suggested
for identifying fault conditions in various systems. These
methods include Employing electromagnetic field monitoring
via coils wound around motor shafts particularly in con-
text of axial flux detection and utilizing search coils, Uti-
lizing infrared recognition, Monitoring radio-frequency and
(RF) emissions, Assessing noise and vibration, Measuring
acoustic noise, Implementing motor-current signature analy-
sis (MCSA), Employing model-based, artificial intelligence
based, and neural network-based approaches. Various tech-
niques have been suggested for fault detection and classifi-

cation, including methods such as MCSA, Park’s Transform,
Artificial Neural Networks,Finite Element Method, Concordia
Transform, Vibration Testing and Analysis, Multiple Ref-
erence Frames Theory, External Magnetic Field Analysis,
Power Decomposition Technique,KU Transformation Theory
and Wavelet Analysis. Among all the methods the MCSA,
ANN and Wavelet Analysis method has been widely used
because of the several advantages. For rotor faults detec-
tion and classification various methods have been used like
Fast Fourier Transform (FFT), Short Time Fourier Transform
(STFT), Discrete Wavelet Transform (DWT), finite element
analysis, Vienna Monitoring Method, and wavelet transform
based methods[3]. For stator faults mostly discussed and
occurred fault is a bearing fault, then interturn faults are
considered. To detect and classify bearing and interturn fault
various methods for detection and classification have been
proposed the negative and zero sequence currents for de-
tection, checking for the additional air gap flux harmonics,
instantaneous power signatures, random forest classifier, Park’s
Transform, Principal Component Analaysis(PCA), Artificial
Neural Network (ANN), Fuzzy classifier are used [2][3].

In addition to these approaches, researchers have delved
into a novel realm of fault detection and classification known
as blind source separation (BSS) methods. There are several
algorithms in BSS like information maximization algorithm,
Fixed point algorithms(ICA), JADE algorithm[4]. ICA uses the
higher order statistical properties to linearly mixed signals into
independent components, all without any prior information
about original components or mixing process[5]. The ICA
method is used over the FFT output and its standard deviation
in region of interest were found to be fault discriminant [6].
The ICA method along with some constrained is used to
classify the fault. The information is contained by the signals
in terms of independent component is less so the c-ICA
algorithms can classify the fault based only if prior knowledge
of mechanical information is known as reference[7]. The ICA
technique is employed to identify faults in induction motor
by determining a threshold and triggering a fault detection if
any condition surpasses this condition[8]. Form above results
we come to the conclusion that ICA can be used for the fault
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detection but will not be suitable for the fault classification.
So another method and area of BSS algorithms is higher order
statistics (HOS) called as Second Order Blind Identification
method (SOBI). This paper is organized in eight chapters.
The second chapter will explain about the SOBI method
its advantages and disadvantages. Third chapter presents in-
troduction to Artificial Intelligence. Fourth chapter presents
feature extration. Fifth chapter will present the algorithm for
classification of the faults of induction motor. Sixth chapter
will discuss the experimental setup and observations. Seventh
chapter will present the results and discussions. Eight chapter
will present the conclusion and future scope.

II. SECOND ORDER BLIND IDENTIFICATION (SOBI)
METHOD

The method was introduced by Belouchrani et al., in 1997
[9]. Second-Order Blind Identification (SOBI as introduced
by Belouchrani et al. in 1997), leverages the temporal inter-
dependencies of components through the joint diagonalization
of one or multiple auto-covariance matrices. After that several
authors have used this algorithm for source separation and
finding out the valuable information for detection and clas-
sification in various area of application. The SOBI method
has found application in various domains, including artifact
removal from EEG data [9], the identification of significant
signals in brain EEG data [10], the separation of vibrations
originating from underground traffic, and the prediction of
wind speed. SOBI has gained recognition as a well-established
and extensively researched technique for separating uncorre-
lated weakly stationary time series. For different time series
and BSS model this method has to be provided with some
modification [11]. The SOBI method has been successfully
implemented by the Oliveira et al. in 2020 for harmonic and
inter harmonic classification of Power Quality disturbances.
Applying the same concept here the induction motor fault
classification is achieved [12]. The SOBI algorithm operates
by approximating the joint diagonalization of two correla-
tion matrices characterized by different delays. When z[n] a
whitened vector is provided, it investigates for a collection
of r delayed correlation matrices for z[n], denoted as Rz(τi)
for i = 1,. . . ,r. The objective of SOBI is to find a unitary
transformation V such that:

V TRz(τi)V = Difori = 1, ....., r (1)

where, Di refers to a collection of covariance related to
the estimated signal y[n].By working with several correlation
matrices, SOBI reduces the probabilities of incorrect delay
selection interfering with blind separation process. Put simply,
the steps to execute the SOBI can be summarized as follows:

1.Evaluate the MxM correlation matrix Rx(0) of signals
x[n] as:

Rx(0) = E[x(0)xT (0)] =
1

N −M + 1
XXT (2)

where X is called as the Hankel matrix

2.Estimate the EVD of Rx(0):

Rx(0) = VxDXV T
x (3)

where V = [v1, v2, . . . . . . , vM ] is an MxM unitary matrix hav-
ing eigenvectors of Rx(0) and Dx is an MxM diagonal matrix
having eigenvalues λ1, λ2, λ3, . . . , λM of Rx(0) prepared in
descending order.

3. A white vector z[n] is obtained by performing whitening
of x[n] through the whitening matrix Q,

z[n] = Qx[n] (4)

Where,
Q = D(−(1/2))

x V T
x (5)

4. Calculate H delayed sample correlation matrices Rz(τ)
from z[n] for a set of fixed delays

τϵ(τjj = 1, . . . ..,H); (6)

5.Obtain the unitary matrix V , which is the joint diagonal-
izer of the set of correlation matrices (Rz(τj), j = 1, . . . ,H),
by applying the Givens Rotation method[12];

6.Estimate the output signals as:

y[n] = V TQx[n] (7)

And or the mixture matrix A, as A=Q*V.
Where * denotes the Moore-Penrose pseudo-inverse.
Experimental findings have indicated that employing mul-

tiple correlation matrices is more effective and resilient in
scenarios characterized by low signal-to-noise ratio (SNR)
and/or sources with minimal spectral distinctions[12].

III. ARTIFICIAL INTELLIGENCE

Neural network is recognized as a biologically inspired
computational method. It consists of the processing element,
connections, and coefficients. The processing elements are
neurons, connections are training and recall algorithms and
coefficients are the weights given to connections.The Archi-
tecture of Artificial Neural Network is shown in Figure1.
Artificial neural networks possess key attributes such as adapt-
ability in learning, the ability to generalize, parallel processing
at scale, resilience, the capacity for associative information
storage, and processing of spatiotemporal information [13].
Artificial intelligence is being used in various area of applica-
tions like pattern recognition, speech recognition, biomedical

Fig. 1. Architecture of Artificial Neural Network
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diagnosis applications, induction motor fault detection and
diagnosis, and many more[14]. The neural network illustrated
here is organized in three tiers: an output layer, a hidden layer
and an input layer . The artificial feed-forward network topol-
ogy is selected for simplicity. The choice for training input
patterns involves utilizing a feedforward network, while error
computation and weight adjustment based on error calculations
are accomplished through backpropagation. The progression
goes from input layer to hidden layer and to the output layer.

IV. FEATURE EXTRACTION

It is necessary to develop a feature extraction approach
for classifying defects. Statistical parameters are extracted
to classify the different faults. These statistical parameters
include minimum, maximum,variance, avegare(mean), middle
value(median), addition(sum), absolute addition(sum), shape
factor, root mean square value(RMS value), kurtosis, energy,
crest factor, standard deviation and skewness of captured stator
current signals. The mathematical formula and its calculations
can be referred in detail in [15].

V. PROPOSED ALGORITHM

Step1: Capture three phase current of the Induction motor
for processing.

Step2: Take transpose if captured signal is in column and
apply SOBI Algorithm to the signal

Step3: Calculate 14 statistical parameter of 2nd and 3rd

estimate
Step4: Apply ANN classifier for the classification of the

faults and obtain confusion matrix and the ANN classifier
model

VI. EXPERIMENTAL SETUP AND OBSERVATIONS

For the purpose of experimentation and data generation, a
squirrel cage induction motor with the following specifications
is employed: 2 H.P, 3-phase, 4 poles, 415 volts, 50 Hz. The
experimental set up is shown in Figure 2.

This motor has 24 coils distributed across 36 slots. Each
phase consists of 8 coils, each comprising 300 turns. A tapping
configuration is applied to each phase, with the tapping starting
at 10 turns from the neutral point. With each group containing
approximately 70 to 80 turns, tapping are drawn from these
coils. To capture the current and voltage signals, an ADLINK
DAQ system is used, operating at a sampling frequency of

Fig. 2. Experimental Setup

Fig. 3. 3-phase Current signal of the healthy condition of induction motor

Fig. 4. 3-phase Current signal of the bearing fault of induction motor

Fig. 5. 3-phase Current signals of inter turn fault of Induction motor

Fig. 6. 3-phase Current signal of rotor bar crack of Induction motor

1 kHz, and data is collected under various load and supply
conditions for the specific cases outlined in Figure 3 to Figure
6. The Figure 3 to Figure 6 display the 3-phase current
signals corresponding to different fault conditions in the 3-
phase induction motor.

The various condition of fault current are processed through
the SOBI algorithm then 3 estimates are obtained. Note that
the 3rd estimate and 2nd estimate shows the largest variations
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Fig. 7. SOBI demixing matrix estimates for healthy condition

Fig. 8. SOBI demixing matrix estimates for bearing fault condition

Fig. 9. SOBI demixing matrix estimates for Interturn Fault Condition

when compared with the healthy conditions and fault condi-
tion. The SOBI decompositions are as shown in Figure7 to
Figure10 for various fault condition when motor is on load.
Form observation of Figure7 to Figure10 it is clearly visible

that 3rd and 2nd estimates of faulty condition demonstrate
the significant variation as compared to the healthy condition.
Hence 14 statistical parameter has been calculated for both of
the estimates. These 14 statistical parameters of 3rd and 2nd
become the input to the ANN.

VII. RESULTS AND DISCUSSION

It is clearly seen that 3rd and 2nd estimate of the SOBI
demixing matrix shows greater variations, so statistical param-
eter of 3rd and 2nd estimate has to be calculated. The total 10

Fig. 10. SOBI demixing matrix estimates for Rotor-bar fault condition

reading are taken for each fault, hence 28x40 matrix of statis-
tical parameters is obtain. An artificial neural network (ANN)
with its strong pattern recognition abilities proves to be a valu-
able tool for the classification of faults in induction motors.
This study utilizes a three-layer Feed Forward ANN (FFANN)
trained through a supervised learning technique known as Back
Propagation. The FFANN structure contains an input layer,
hidden layer, and an output layer. The input layer comprises
28 nodes corresponding to statistical features derived from
the 3rd and 2nd estimates of the SOBI demixing matrix, 12
neurons in the hidden layer. Meanwhile, the output layer is
represented by four processing elements, each representing
one of the following conditions: rotor bar crack, interturn
fault, bearing fault and healthy condition.The ANN model
obtained after training is shown in Figure 11. Randomized
data is given as input into the network, to ensure generalization
and the Transigmoid transfer function is employed for training
purposes. This training process yields a percentage accuracy
for classification. Considering these foundational principles,
the research investigates the relationship between the accuracy
percentage in categorizing induction motor states and the
quantity of processing elements within the hidden layer. It can
be clearly observed that the ANN is able to classify the faults
with 100% accuracy considering the healthy condition. The

Fig. 11. ANN Training Model for induction motor fault classification
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Fig. 12. Confusion Matrix for classification of induction motor fault

TABLE I
COMPARISON OF THE VARIOUS PARAMETERS OF ANN AND SOBI

ESTIMATES AND CLASSIFICATION RESULTS

Estimate No.
selected for
the statistical
calculation
and feed to
ANN

Neuron
Input

Neuron
output

No. of
hidden
layers

No. of
hidden
Neurons

Confusion
matrix
classifi-
cation

All 3 esti-
mate

42 4 1 7 100%

Only 3rd es-
timate

14 4 1 11 98%

2nd and 3rd
estimate

28 4 1 12 100%

confusion matrix obtained after training is shown in Figure
12. Table 1 displays the accuracy of classification when all
the statistical features from the estimates are input to the
ANN, resulting in a 100% classification accuracy rate. So
as to check whether ANN can classify all the conditions
with less number of input only the statistical parameter.
The classification accuracy when the statistical parameter of
only 3rd estimate is considered then only 98% classification
accuracy is obtained. Hence to improve classification accuracy
2nd estimate along with 3rd is considered for processing and
100% classification accuracy is obtained here.

VIII. CONCLUSION AND FUTURE SCOPE
The paper proposes SOBI-ANN based induction motor fault

classification. SOBI algorithm is used as signal separation
method to identify the dominant fault signals and is given
to the ANN after feature extraction for classification as ANN
has good classifier properties. As this method is a time domain
based method its computational complexity is less and time
required to perform classification also reduced. Now this work
could be extended by applying dimension reduction methods
to select the dominant features after calculating the statistical
parameter those are feed to ANN for classification.
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ABSTRACT 

In this paper, we present three methodologies 

for implementing polar decoders, which are 

error-correcting codes widely, used in 

modern communication systems while polar 

codes show great promise, their 

implementation can be challenging due to 

their high computational complexity, which 

can negatively impact latency and 

throughput. To address this challenge, we 

propose three efficient implementations of 

polar decoders, including processing element- 

based design, component code-based design, 

and a special node-based design that identifies 

specific bit patterns to reduce decoding 

complexity. We evaluate our proposed 

decoders by implementing and simulating 

them using Verilog HDL on the Xilinx 

platform and compare their performance 

against existing research papers. Our results 

demonstrate significant improvements in 

terms of latency, area throughput, and power 

dissipation, making them highly suitable for 

modern communication systems. The special 

node-based decoder demonstrated the best 

performance, accomplishing a latency of 

32.532ns and a throughput of 245.91 Mbps, 

using 393 LUTs and an on-chip power 

dissipation of 3.921 watts. The processing 

element-based decoder achieved a latency of 

40.41 ns and a throughput of 197.79 Mbps, 

using 445 LUTs and an on-chip power 

dissipation of 4.142 watts. The component 

code-based decoder achieved a latency of 

33.29 ns and a throughput of 240.27 Mbps, 

using 470 LUTs and an on-chip power 

dissipation of 4.933 watts. 

 
Keywords- Channel coding, Error-correcting 

codes, 5G, Polar code, Successive cancellation 

decoder, Wireless communication 
 

 

INTRODUCTION 

 

Effective communication is a vital aspect 

of modern-day life, and error-correcting codes 

(ECC) are critical in ensuring the accurate 

transmission and receipt of information. To 

design an ECC for a noiseless communication 

system, proper encoder and decoder design are 

essential. Turbo codes [1] and LDPC codes [2-4] 

have been successful in achieving channel 

capacity for practical purposes, but the polar 

code has been proven to achieve maximum 

channel capacity [5]. Polar codes have low- 

complexity algorithms, making their encoder and 

decoder design easy. These codes find their 

application in a range of wireless communication 

technologies, including HSPA, LTE, WiMAX, 

Wi-Fi, and many others. 

At the 2016 3GPP Meeting, assessments 

were carried out to appraise LDPC and Polar 

codes for potential deployment in data and 

control channels [6]. However, after evaluating 

various factors such as decoding latency, 

throughput, and error correction capability, in 5G 

NR, LDPC codes were picked for data channels 

due to their superior decoding latency and 

throughput with larger block lengths. Notably, 

LDPC codes offer support for multiple code 

rates, contributing to their suitability for data 

channel applications in 5G NR. On the other 

hand, for control channels, Polar codes were 

chosen. Polar codes excel in error correction for 

short block lengths, which makes them well- 

suited for control channels with smaller block 

lengths. However, in the most recent LTE 

standard, Polar codes have been substituted with 

tail-biting convolution codes (TBCC) for control 

channels [7]. 

Polar codes are designed based on 

channel polarization, which is a process of 

separating a channel into N virtual channels, each 

with its reliability. The Bhattacharyya parameter 

is a metric utilized for quantifying the reliability 
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of a communication channel. It is computed as 

the square root of the product of the channel's 

transition probabilities for two distinct input 

symbols. The Bhattacharyya parameter ranges 

from 0 to 1, where a smaller value indicates a 

more reliable channel. In polar coding, the 

reliability of channels is measured using the 

Bhattacharyya parameter. Channels with lower 

Bhattacharyya parameters are typically good 

channels, signifying better quality. In polar 

coding, these good channels are allocated for 

transmitting information bits, while the bad 

channels those with higher Bhattacharyya 

parameters are designated for transmitting parity- 

check bits. 

This paper aims to enhance the 

efficiency of polar decoders by utilizing special 

nodes for faster decoding. Polar codes have been 

shown to have superior error-correcting 

capabilities compared to other coding schemes, 

but their decoding complexity can be a 

significant bottleneck in practical 

implementations. This issue is resolved by 

identifying special nodes within the decoding 

binary tree. Through implementation in a 

hardware-based design using Verilog HDL and 

synthesis on the Xilinx platform, the proposed 

decoder achieves faster decoding times along 

with upgraded error-correction capabilities. 

 

POLAR CODE 

 

Arikan introduced the polar code in 2009 

as an error-correcting code rooted in channel 

polarization. The concept involves converting a 

noisy channel into multiple sub-channels of 

different reliability levels. This transformation 

enables polar codes to attain channel capacity 

while maintaining low complexity in both 

encoding and decoding processes, making them 

highly practical for various applications. 

A polar code, denoted as P (N, K), is 

characterized by N, representing the input 

vector's length, and K, signifying the number of 

message bits to be securely transmitted. The 

remaining (N-K) bits, named frozen bits, are 

predetermined with values (often 0) to facilitate 

channel polarization. This polarization process 

transforms the N-bit input vector into N channel 

symbols, distinguishing between reliable 

(corresponding to the K message bits) and 

unreliable (corresponding to the frozen bits) 

channel symbols. The positions of these frozen 

bits are predetermined and known to both the 

encoder and decoder, enabling the decoder to 

leverage channel polarization for highly reliable 

message bit decoding. Notably, polar codes 

achieve channel capacity while maintaining low 

encoding and decoding complexity, thus proving 

suitable for practical applications 

The construction of the polar code 

involves applying a recursive transform, also 

known as the Kronecker product, to a binary 

kernel matrix. This process generates a generator 

matrix that is used to encode the input message 

bits. The generator matrix �� is a �  × � binary 
matrix   that   is   constructed   from   the   n-th 
Kronecker product of a 2x2 binary matrix. The 
generator matrix �� is defined by equation (1). 

The matrix multiplication of the input bits 

� (�1, �2, … . , ��) with �� produces the output 

coded bits, X (
1, 
2, … . , 
�). , which are the 
codeword of the polar code as in equation (2). 

 
1 0   � 

�� = �2� = 0        1      = 

�2    �2(2)       . …    �2(�−1) (1) 

X = ��� (2) 

The binary tree representation of polar codes 

provides a helpful visualization of the encoding 

process and enables a better understanding of the 

hierarchical structure of the code. The 

construction of the binary tree using component 

codes is a recursive process that allows us to 

construct larger codes from smaller ones. The 

encoder circuit graph based on the binary tree is a 

compact representation of the encoder hardware 

and can be used for efficient implementation of 

the code. 

The polar encoder uses a recursive 

binary tree structure to generate the codewords. 

The tree for � = 8 shown in Fig. 1 is constructed 

using two basic building blocks: the � = 2 

component code and the � = 4 component code. 

The polar codeword binary tree for � = 8 has 

four stages, denoted by � = 1,2,3,4 . At each 

stage � , the input bits are combined using the 

codeword equation (3). At stage three (� = 3), 

the input bits are represented by the vector 

� = (�1, �2, �3, �4, �5, �6, �7, �8) At stage two 

(� = 2), the codeword for � = 2 is generated 
using a modulo 2 operation. This generates a 4- 
bit codeword at stage one (� = 1). Finally, at 

� = 0 , the 8-bit codeword is generated by 

combining two 4-bit codewords. 

In general, for higher values of �, we 
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can construct the polar codeword binary tree 

using subsequent component codes. At each 

stage of the binary tree, the input bits are 

combined according to a specific codeword 

equation. The output of each stage is used as the 

input to the next stage until the final codeword is 

generated. The encoder graph circuit is 

constructed according to the binary tree structure 

and is used to implement the encoding process in 

hardware. The encoder circuit graph of an N=8 

polar code is depicted in Fig. 2. 

When dealing with larger block lengths, 

polar codes can still be efficiently implemented 

in hardware by using higher-order component 

codes in the construction of the binary tree and 

encoder graph circuit. The recursive nature of the 

binary tree and encoder graph construction is 

what makes polar codes hardware-friendly. 

 

 
Figure 1: 8-bit polar code binary tree with 2-bit and 4-bit component codes. 

 

Figure 2: 8-bit polar code circuit graph with 2-bit and 4-bit component code. 
 

POLAR CODE DECODING 

 

The polar decoder holds significant 

importance in modern communication systems, 

particularly in 5G networks, where it plays a vital 

role in error correction for reliable data 

transmission. Parameters like latency and 

throughput significantly impact the system's 

efficiency. Researchers have introduced several 

decoding algorithms, like the successive 

cancellation (SC) algorithm [8], SC-list (SCL) 

algorithm [9], and SC-flip (SCF) algorithm [10, 

11], aiming to address challenges related to low 

latency, power consumption, area efficiency, and 

achieving high throughput. 

The SC algorithm stands as the 

foundational decoding method applied in polar 

decoding. It exploits the channel polarization 

phenomenon to cancel unreliable information 

bits and is simple and efficient. However, it has 

limitations in terms of decoding performance. To 

address this challenge, researchers have 

introduced extensions to the SC algorithm, 

namely the SCL and SCF algorithms. The SCL 
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algorithm implements a list decoding approach, 

while the SCF algorithm alters the decision of 

1, respectively. 

unreliable bits. The SC decoding algorithm � = ln �(�i|
i=O)
/ (3)

 
i . 

(   | ) 

stands as a prevalent method for polar code 

decoding due to its simplicity and low 

computational load. Yet, its sequential bit 

decoding leads to higher latency compared to 

most other decoding methods, barring SCL. 

During the decoding process, the SC 

decoder evaluates the current node's bit values 

based on its parent nodes' estimated values. 

When dealing with a frozen bit, its value is fixed 

at 0, progressing the decoding. However, in the 

case of an information bit, its value relies on the 

log-likelihood ratio (LLR) corresponding to the 

received bit. The LLR �i = (�1, �2, �3, … … . ��) 
is computed using equation (3), incorporating 
the probabilities �(�i|
i = 0) and (�i|
i = 1) . 

These probabilities represent the likelihood of 
receiving a bit �i  given the transmitted bit is 0 or 

� �i 
i=1 

 

The SC decoder operates using a binary 

tree structure to decode the received codeword 

iteratively. Soft LLR values are relayed 

downwards from parent nodes to their two child 

nodes in the tree. Simultaneously, estimated hard 

bit values are transmitted upwards from child 

nodes to their parent node. These hard bit values 

are derived from the LLR values. This recursive 

process continues until all leaf nodes, 

symbolizing every bit of the codeword, are 

decoded. 

The first-bit decoding involves finding 

the LLR value, which is then used to decode the 

next bit through its parent node. This process 

continues until all the bits are decoded. 

 

 
Figure 3: �(8,4) decoding tree with soft LLR and hard bit estimation flow. 

 

In Fig. 3, the binary decoding tree for 

P(8,4) is depicted, showcasing the flow of soft 
LLR and hard bit estimates with red and blue 
arrowheads, respectively. The root node initially 
obtains soft LLR values from the channel. These 

LLR values *! = !1, !2, !3, … , !2�−1 , + are then 

passed   down   from   parent   nodes   to   their 
respective child nodes at each level of the binary 

tree. Simultaneously, estimated hard bit values 

*# = #1, #2, #3, … , #2�−1 , + are transmitted 

upwards from child nodes to their parent node 
[12]. Specifically, the soft LLR value !$ moves 

from the root node v to the left child node, while 
the root node obtains the hard bit estimation #$ 

from this left child node. During stage 1, the 

parent node passes LLR values !% and !& to the 

left and right child nodes, respectively, and 

receives the corresponding hard bit estimations 

#% and #& from these child nodes. 

To begin decoding, the LLR value 

determines  the  estimation  of  the  first  bit,  �̂1 , 
located at the leftmost leaf node. Using this 

obtained �̂2 bit,  the  decoding  process  advances 

to determine the second leftmost leaf node bit, 

�̂2  ,   through   its   parent   node   at   stage   2. 
Subsequently,  both  �̂1   and  �̂2 bits  are  used  to 

decode �̂3 and �̂4 via  their  parent  node  at  stage 

1. This sequential process continues iteratively 

until all the bits of the rightmost leaf node are 

successfully decoded 
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OPTIMIZING THE SC POLAR DECODER: 

METHODOLOGIES 

 

To optimize the performance of the SC 

polar decoder, various techniques have been 

employed, such as the use of processing 

elements, component codes, and special node 

identification in the decoding tree structure. 

Processing elements enable efficient 

computation in the decoder circuit, while 

component codes improve the error-correction 

performance. Identifying special nodes in the 

decoding tree structure allows for the use of 

specialized decoding techniques that can 

enhance the accuracy and efficiency of the 

decoding process. By using these techniques in 

combination, significant improvements can be 

achieved in the performance of the SC polar 

decoder. 

Polar Decoder Circuit Using Processing 

Elements 

 

The purpose of the polar decoder circuit 

is to retrieve information from the encoded 

message. The decoder circuit illustrated in Fig. 4 

resembles the encoder circuit, comprising XOR 

circuits that adjust according to available log- 

likelihood ratio (LLR) values and hard bits. The 

LLR   values   ( �1, �2, �3, �4, �5, �6, �7, �8)   are 

placed on the right-hand side of the circuit, while 
the estimated hard bits 
(�̂1, �̂2, �̂3, �̂4, �̂5, �̂6, �̂7, �̂8) reside  on  the  left-      

hand side. These XOR circuits are pivotal in 
generating the intermediary bits. The decoding 

process primarily engages three core processing 

elements: the f-function node, the g-function 

node, and the partial sum component [13]. 

 

 
Figure 4: 8-bit SC decoder circuit graph with log-likelihood ratio and estimated hard bits. 

 

The ƒ -function node shown in Fig. 5(a), 

implements the min-sum approximation of 

equation (5) using an XOR circuit, which 

generates an LLR value !c from input LLR 

values !a and !b. 

!c = ƒ(!a, !b) 
!c = 2 tan−1(tanh( !a/2) tanh(!b/2))        (4) 
or 

The --function node shown in Fig. 5(b), uses 
equation (7) to compute the LLR !d of the 

subsequent  bit #̂b  using  the  LLR  values !a  and 

!b  and the hard estimation bit #̂a. 

!d = -(!a, !b, #̂a) = (−1)#̂a !a + !b (7) 

The circuit depicted in Figure 5(c) is the partial 

sum circuit that produces intermediate bits #̂c  and 
!c ≈ /i-�(!a)/i-�(!b) min(|!a|, |!1|) (5) 

#̂d through equations (8) and (9), respectively. 

The estimation of hard bits is derived from the 

sign of the related LLR values. As per Equation 

(6), if the LLR value is positive, the estimated 

hard bit is 0; conversely, if it's negative, the 

estimated hard bit becomes 1. 

These intermediate bits are then utilized for 

decoding the remaining bits of the codeword. 

B̂c  = X34 (#̂a, #̂b) (8) 

B̂d  = #̂b (9) 

#̂5 = {
1 774 $5%�8 59 ≤ 0 

0 774 $5%�8 59 > 0 
(6) 
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(a) (b) (c) 

Figure 5: Decoding processing elements (a) ƒ-function node (b) --function node and (c) partial sum 

(xor node). 
 

The SC decoding process initiates by 

transmitting LLRs through the f-function, 

progressing from the right-hand side to the upper 

connection on the left-hand side of the circuit 

illustrated in Fig. 4. The decoding of the first bit 

occurs using the LLR value derived from the 

min-sum approximation of the f-function. 

Following this, the decoding of the subsequent 

upper bit involves the application of equation (7) 

g-function, and the LLR propagation switches 

before the f-function resumes to propagate LLRs 

for the subsequent connection on the left-hand 

side. This sequence continues until all bits are 

decoded. Each bit's decoding depends on the 

preceding bit values, and the entire decoding 

process unfolds over 2N-2 steps. To facilitate 

this process, storage memory for hard estimated 

bits, channel LLR memory, and internal memory 

play crucial roles. 

 

Polar Decoder Circuit Using Component 

Codes 

 

Complex polar decoder designs often 

use a hierarchical design style to break down the 

overall system into smaller components for 

simpler design, testing, and integration. The 8- 

bit SC polar decoder illustrated in Fig. 6 follows 

this approach, employing component codes of 

N=4 and N=2 hierarchically to construct the 

final decoder circuit. 

The decoding process in the N=2 

component code, depicted in Fig. 7, utilizes 

essential processing elements like the f-function, 

g-function, and partial sum block to interpret the 

received signal. In this operation, the f-function 

node computes the first hard bit by comparing 

the input log-likelihood ratio (LLR) against a 

specified threshold value, while the g-function 

node generates the second decoded bit by 

integrating the first hard bit with the input LLR 

values. The partial sum block then recursively 

decodes subsequent bits until all bits are 

decoded. This N=2 component code serves as a 

foundational unit for larger polar codes. To 

make a 4-bit decoder, the 2-bit decoder circuit is 

replicated twice and supplemented with 

additional processing elements. This 4-bit 

decoder subsequently becomes a component 

code in designing the 8-bit decoder through a 

hierarchical design approach, comprising two 4- 

bit decoders and additional processing elements 

to finalize the circuit. 

 

 
Figure 6: Circuit graph of 8-bit SC polar decoder using 4-bit and 2-bit component codes. 
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#̂�  = { 0 iƒ  ∑2 !   > 0, 

 

 
Figure 7: Block diagram of 2-bit polar decoder architecture. 

 

Polar Code Decoding using Special Nodes 

 

Sequential decoding within SC decoders 

estimation of bits within this node relies on 

the respective LLR values: 

can result in high latency, posing challenges for 

specific applications. To contest this, researchers 

have identified and leveraged special nodes, 

#̂� = { 0    iƒ !� > 0, 

1    =�ℎ8&?i/8 

detailed in [12], to design a faster polar decoder 

with reduced latency. Traditionally, decoding the 

initial bit in the SC decoder's binary tree 

involves traversing from the root node down to 

the leaf node. However, the introduction of 

special nodes eliminates the necessity for deep 

tree traversal. These special nodes, grouped into 

• Rep Node: For Rep nodes, where all bits 

except the last one are frozen bits, and the 

last bit is an information bit, the 

configuration is denoted as s = {0, 0, 0, ..., 

0, 1}. The algorithm for estimating bits 

within Rep nodes involves summing all 
input LLR values (∑2

�−1 

! . The threshold 
four types based on their bit Rate-zero, Rate-one, i

 i

 

Repetition (Rep), and Single Parity Check (SPC) 

nodes – have markedly enhanced the speed of 

polar decoding. This innovative approach has 

gained grip as a preferred method for 

implementing SC decoders. 

• Rate-Zero Node: Within the Rate-zero 

node, all bits exclusively consist of frozen 

bits, denoted as s={0,0,0,...,0,0}. The bit 

estimation for this node is established as: 
 

#̂�  = 0 

 

• Rate-One Node: The Rate-one node 

exclusively comprises information bits, 

indicated by / = *1,1,1, … … . ,1,1+ . The 

value is determined through sign detection. 

The estimation of hard bits within Rep 

nodes follows: 
 

�−1 

i 
i i 

1 =�ℎ8&?i/8 
 

• SPC Node: For SPC nodes, where all bits 

except the first one are information bits, 

with the configuration represented as s = 

{0, 1, 1, ..., 1, 1}, the bit estimation within 

SPC nodes is direct. It involves estimating 

the first bit as 0 and estimating the 

subsequent bits based on the received LLR 

values. 
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Figure 8: Binary tree of polar decoder with special node identification. 

 

The decoding binary tree for P(8, 4) 

employing a 3-stage 8-bit decoder is illustrated 

in Fig. 8. In the final stage (stage 3), all leaf 

nodes exhibit either a single frozen bit or a 

single information bit, denoting them as either 

Rate-zero or Rate-one nodes. However, in stages 

1 and 2, these nodes comprise a mix of frozen 

bits and information bits, allowing them to 

potentially represent any of the special nodes. 

The identification of these special nodes is based 

on their distinct bit patterns. Rate-zero nodes are 

represented by white circles, Rate-one nodes by 

black circles, Single Parity Check (SPC) nodes 

by black triangles, and Repetition (Rep) nodes 

by white triangles [12]. 

 

Node Generator Circuit 

 

The Node Generator circuit holds 

significance in polar decoding by creating 

special nodes like Rate-zero, Rate-one, Rep, and 

SPC nodes. These specialized nodes are crucial 

in the decoding process and are generated based 

on the LLR values received at different stages of 

the decoding tree. This circuit operates by 

comparing the LLR values against a zero 

threshold to generate binary set values denoted 

as s_i. When encountering a positive LLR, s is 

set to 1, while for a negative LLR, it is set to 0. 
At the initial stage of the 8-bit decoder, a 

set of 8 LLR values 
(!1, !2, !3, !4, !5, !6, !7, !8, ) are triggers for the 

generation of corresponding binary values, 
represented as /i ( /1, /2, /3, /4, /5, /6, /7, /8 ) in 

Fig. 9. These binaries are used to determine if 

the node assumes the characteristics of a Rate- 

zero, Rate-one, Rep, or SPC node. However, as 

the decoder's node length increases, the special 

node generator circuit's hardware complexity 

also increases, potentially elevating costs and 

power consumption. Hence, it is crucial to 

investigate approaches that simplify circuit 

complexity without compromising robust error 

correction capabilities. 

 

 
Figure 9: Special node generator circuit. 



Journal of 

VLSI Design and Signal Processing 

e-ISSN: 2581-8449 

Volume-9, Issue-3 (September-December, 2023) 

45 

 

 

One approach is to analyze the special 
nodes and identify patterns that can simplify the 
circuit design. As mentioned, Rate-zero and Rep 
are almost the same, differing by only one last 
bit (information bit in case of Rep node), while 
Rate-one and SPC differ by first bit (zero bit 
values in case of SPC node). These patterns can 
be used to reduce the number of distinct special 
nodes needed to be generated, thereby reducing 
hardware complexity. The generalized special 
node generator algorithm concerning stage of the 
binary tree is as: 

 

Special Nodes Generator Algorithm 
 

� = 2� 
� = %=-2� // No. of stages of binary tree 
@=& (i = 0; i < �; i + +) 
� = �/2 

45�8C8&=�=D8 ➛ �=�(/,!�-) 
48F �=D8 ➛ 5�D ((/,!�-), �=�(/,!�−1-) 
45�8=�8�=D8 ➛ (/,!1-) 
G�H �=D8 ➛ 5�D ((/,!2-), �=�(/,!1-) 
end 
The decoding algorithm that utilizes special 
nodes is a variant of the conventional polar 
decoder algorithm, which follows the binary tree 
depicted in Fig. 8. At each decoding stage, the 
received LLR values are used to generate the 

binary set values ( /i ) and the special nodes 
(Rate-zero, Rate-one, Rep, and SPC) are then 
determined based on the combination of these 
binary values. The SC decoding algorithm is as: 

 

Decoding Algorithm 
 

� = 2� 
� = %=-2� // No. of stages of binary tree 
i = 0 
wℎi%8(i < �) 
� = �/2 

i@ (45�8C8&=�=D8 ) 

�̂  ➛ � 1i�/ 5&8 C8&= 
8%/8 i@ (48F �=D8) 
�̂,1: � − 1- ➛ � − 1 1i�/ 5&8 C8&= 
�̂,�- ➛ /9 D89=D8 1i� // %5/� 1i� 
8%/8 i@ (G�H �=D8) 
�̂,1- ➛ C8&= 
�̂,1: �- ➛ /9 D89=D8 1i�/    / 

/ 8
9%�Di�- ƒi&/�) 
8%/8 
�̂  ➛ /9 D89=D8 1i�/ 
end 

 

SYNTHESIS RESULTS AND 
PERFORMANCE COMPARISON 

 

Three methodologies for implementing 
polar decoders were proposed in this paper, 
including polar decoder design using processing 
elements, polar decoder design using component 
code, and polar decoder by special node. These 
methodologies are evaluated using synthesis and 
simulation in Verilog HDL on the Xilinx 
platform. The results show that all three 
methodologies outperform existing research 
papers in Table 1. Specifically, the special node 
implementation achieved the best performance 
with a latency of 32.532ns and a throughput of 
245.91 Mbps, using 393 LUTs and an on-chip 
power dissipation of 3.921 watts. The processing 
elements implementation achieved a latency of 
40.41 ns and a throughput of 197.79 Mbps, using 
445 LUTs and an on-chip power dissipation of 
4.142 watts. The component code 
implementation achieved a latency of 33.29 ns 
and a throughput of 240.27 Mbps, using 470 
LUTs and an on-chip power dissipation of 4.933 
watts. The proposed work shows significant 
improvements in terms of latency, area 
throughput, and power consumption compared 
to other research papers, and may be extended to 
higher bits polar decoder. 

 

Table 1: Comparison of polar decoder performance parameters. 
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Latency 

 
40.41 ns 

 

33.25 

ns 

 

32.53 

ns 

 
-- 

 
-- 

 
-- 

 
-- 

1.18 

us 

(102 
n) 

1.30 

us 

(123 
n) 

1.98 

us 

(204 
n) 

Throughput 
(Mbps) 

197.79 240.27 245.91 49 140.6 626 565 432 393 259 

On-chip 
Power (W) 

4.142 4.933 3.921 0.067 -- -- -- -- -- -- 

*n- no. of cycle 
 

CONCLUSION 

 

This paper explores comprehensive 

research on polar decoders, presenting three 

innovative design methodologies: processing 

element-based, component code-based, and 

special node-based approaches. It demonstrates 

the superior performance of component codes 

over direct processing elements in polar decoder 

construction. By using Verilog HDL, 2-bit and 

4-bit polar decoder component codes are 

designed, extending them to construct N=8 

decoders, showcasing remarkable simulation and 

synthesis outcomes on the Xilinx platform. 

Moreover, it introduces a fast 8-bit polar 

decoder by identifying and generating special 

nodes through a node generator circuit. These 

nodes, including Rate-zero, Rate-one, Rep, and 

SPC nodes, significantly enhance decoding 

efficiency based on specific bit patterns 

identified from LLR values in the binary tree. 

Implementation on the Xilinx platform discloses 

the fast polar decoder's superiority over existing 

approaches, showcasing considerable 

advancements in performance metrics. Notably, 

the special node-based decoder exhibits 

exceptional performance, achieving a latency of 

32.532ns and a throughput of 245.91 Mbps, 

utilizing 393 LUTs, and featuring an on-chip 

power dissipation of 3.921 watts. In contrast, the 

processing element-based decoder achieved a 

latency of 40.41 ns and a throughput of 197.79 

Mbps, using 445 LUTs and an on-chip power 

dissipation of 4.142 watts. The component code- 

based decoder achieved a latency of 33.29 ns 

and a throughput of 240.27 Mbps, using 470 

LUTs and an on-chip power dissipation of 4.933 

watts. The proposed methodologies and 

advancements in polar decoding showcased in 

this study present promising contributions to the 

development of efficient and high-performance 

polar decoders across diverse communication 

systems. 
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Statistical Analysis of Retinal Image Processing Techniques    
from an Empirical Perspective

ABSTRACT
DME is the main reason for loss of vision in diabetics and a major cause of diabetic retinopathy (DR).  Excessive 
flow and  deposition  of the  extracellular fluid  inside the macular region are the main reasons for diabetes mellitus. 
Therefore, it has become a danger to people’s health and lives. This article reviews DR, its features, causes, 
machine learning models, cutting-edge DL models, challenges, benchmarks, and future directions for research. 
Using fundus images and OCT scans, DME can be diagnosed at any level of DR. An autonomous detection method 
with computer vision can provide ophthalmologists with a detailed analysis of abnormalities, which is beneficial 
to them for diagnosis. This is why the introduction of deep learning (DL), the new field of machine learning, With 
efficient data processing, the DL model can handle small data sets. However, they often include larger datasets for 
their deep models to improve image extraction and classification performance.

KEYWORDS: Diabetic retinopathy, Fundus images, OCT images, Deep learning.

INTRODUCTION

India is going to be the “Diabetes Capital of the 
World” by counting the number of diabetic patients 
. According to the IDF, the population of diabetic 

patients was 53.7 crore in 2021 and is expected to reach 
78.3 crore by 2045. The World Health Organization 
(WHO) revealed in its  World Vision Report that more 
than 220 million people suffer from vision loss or 
impairment, with half of them being cured by proper 
treatment. As shown in Fig. 1, 3.9 million of these one 
billion people had vision-threatening DR. Prolonged 
diabetes, low blood pressure, and poor glycemic 
control are strongly connected with DR. Globally, DR, 
proliferative DR (PDR), and DME affect 6.96%, 6.81%, 
and 10.2% of the population, respectively. DME, 
therefore, affects 21 million people globally . The most 
frequent cause of visual loss in DR-affected individuals 
may be DME [1].

Common signs and symptoms of DR are blurred vision, 
hovering and blinking, and vision loss. DR is caused 
by changes in retinal vascular metabolism caused 

by irregular blood flow, leakage of blood and blood 
components through the retina, and thus damage to the 
macula. This causes the retinal tissue to swell, making 
vision cloudy or blurry. The disease affects both eyes 
and if diabetes is prolonged without treatment, DR 
leads to blindness and eventually diabetic maculopathy. 
When left untreated and undiagnosed, diabetic 
retinopathy (DR) progresses to more severe stages, 
leading to a decline in a person’s vision. The disease 
can exhibit periodic or random progression, resulting 
in the formation of retinal lesions caused by ruptured 
retinal blood vessels (RBVs). These lesions include 
microaneurysms (MAs), haemorrhages (HEs), exudates 
(EXs), cotton wool spots (CWSs), the foveal  avascular 
zone (FAZ), fibrotic bands, intraretinal	 microvascular	
abnormalities	 (IRMAs), neovascularization on the 
disc (NVD), neovascularization elsewhere (NVE), 
tractional bands, and more. These retinal abnormalities 
manifest in the fundus, which is the rear view of the 
eye. Timely detection of these retinal lesions and 
abnormalities is crucial as it aids in identifying the 
different stages of DR.
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Fig. 1. Comparative analysis of vision impairment versus 
ocular diseases

To find out the advantages and drawbacks of various 
DME classification models that have used Deep 
Learning algorithms that use Color fundus images or 
OCT images in the diagnosis of DME is the main purpose 
of this study. It also summarizes the progression of the 
methods over time and highlights various re-searchable 
problems which need to be addressed in the context of 
autonomous DME diagnosis.

Aspects of diabetes mellitus

A chronic medical disorder called diabetes mellitus is 
brought about by insulin resistance or by altered insulin 
production in the blood. In people with diabetes, high 
blood sugar or glucose levels, known as hyperglycemia, 
can cause long-term difficulties with various body parts 
like the eye, kidney, neuro system, and cardiovascular 
diseases [2]. Long-term DME caused diabetic retinopathy 
and can cause vision loss in people of working age. 
Microaneurysms (b), haemorrhages (e), hard exudates, 
soft exudates (c,d,e,f), and neovascularization which 
are the lesions in the retina that results in blindness are 
the characteristics of DR which are shown in Fig. 2.

Fig. 2 Characteristics of DR

Fig. 3 Retinal Lesions

Various image modalities

Fundus Images

Fundus image has the potential to be a strong tool for the 
examination of diabetic ocular disorders and determining 
their progressive stages and how they respond to 
the treatment in diabetic patients. It is beneficial to 
evaluate DR because it allows for the visualization of 
intra-retinal microvascular abnormalities (IRMAs),  
venous beading, soft and  HE lesions, microaneurysms, 
haemorrhages, and neovascularization [3]. Fig. 3 is 
obtained using a camera to capture the fundus images, 
shows DR lesions. The publically available standard 
data sets are given in the following Table 1.
Table 1: Publically available data sets for fundus images

Data set Total 
images

Resolution Field view 
of camera 
(in degree)

EyePACS 88702 NA --
APTOS 5590 NA --

MESSIDOR 1200 1440X960 
2240X1488  
2304X1536

45

MESSIDOR 2 1748 NA 45
IDRiD 516 4288X2848 50
DDR 12522 NA 45

E-Ophtha 463 NA 50
DiaRetDB1 89 1500X1152 50

DRiDB 89 768X584 45
ROC 100 768X576 

1058X1061 
1389X1383

45
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Optical coherence tomography (OCT)

With optical coherence tomography (OCT), eye 
surgeons can take a cross-sectional view of the retina 
with the help of light waves in three dimensions. 
This allows the ophthalmologist to determine the 
density of various layers of the retina. The publically 
available standard data sets such as Biomedical Image 
& Signal Analysis (BIOMISA), Dukes, OPTIMA Cyst 
segmentation challenge, Noor Eye Hospital (NEH), 
Mendeley (Ker- many datasets), Dukes2, Retinal OCT 
Classification Challenge, RETOUCH, OCTID which 
are used by researchers. Sample OCT scan is as shown 
in Fig. 4 with marked features.

Fig. 4 Sample OCT scan

The research conducted by numerous researchers is 
discussed in Section 2 of this article. The effectiveness 
of various algorithms depending on various factors is 
examined in Section 3. A comparison-based conclusion 
is drawn in Section 4.

LITERATURE SURVEY
DME detection using fundus images

DME in fundus imaging is defined by the presence of 
lesions like hard and soft exudates (EX). For quick 
identification and analysis of the DME, it is essential 
to consider the location of the macula, fovea, OD, 
or lesions close to the macula. The many ML-based 
methods that have been used in these experiments to 
determine DME from CFP are addressed in this section.

Various Deep learning algorithms are used to detect DR 
from fundus images. The methods are mainly based 
on custom convolutional Networks (CNN), Object 
detection, Ensemble of DL classifiers, Generative 
adversarial Networks, Transfer-Learning (TL) methods, 

Auto Encoder (AE), and CNN models with attention 
Mechanism. 

The authors [4] proposed a novel methodology to 
identify diabetes-based ocular diseases, which consists 
of DME, DR, and Glaucoma with the application of 
FRCNN (Fast Region Based Computational Neural 
Network) with FKM (Fuzzy K-means Clustering) FKM 
The technique consists of two phases. The first phase 
consists of the detection of disease and localization 
phase. The second phase includes the segmentation 
of the localized regions using FKM clustering. The 
proposed network can locate the deep features with 
an absolute representation of ocular diseases and 
this results in increased efficiency of segmentation in 
contrast.

The layers for the CNN model consist of Convolution, 
poll and completely connected layers. The deep 
architecture of CNN is what gives it its power because 
it can automatically retrieve distinctive features at 
many levels of abstraction. The author proposed a 
novel method with the DME Net 120	 a l g o r i t h m . 
It pre-processes the fundus image in two stages. The 
first stage consists of classification between normal and 
infected images and the next stage classifies the infected 
image into various stages of DR. It uses the Hierarchical 
Ensemble of Custom Convolutional network for the 
classification [5].

S. Wang et al [6] trained an MGAN (Multi-Channel based 
Generative Adversarial Network) to classify fundus 
images into various stages of Diabetic retinopathy. This 
model extracts a series of sub-fundus images which are 
related to various features of DR. MGAN is capable 
of identifying the various features of Fundus images 
without reducing the size of high-resolution images. 
It gives the advantage of reducing the dependency on 
labelled data.

Researchers [7] proposed the DR-GAN (DR- Generative 
Adversarial Network), to process high-resolution 
images with configurable grading and lesion details. 
This facilitates the augmentation of data on a larger 
scale for DR segmentation and grading applications. 
The retina generator is conditioned through structural 
and lesion masks and adaptive grading vectors from 
the latent grading space enabling adjustable severity 
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for synthesized grades. Moreover, this includes a multi-
scale spatial and channel attention module.

As discussed by the work in [8], it is essential to have 
the capacity to estimate the topology of the vascular 
networks in complex networks to have a comprehensive 
grasp of vascular changes and the many diseases 
that they might cause. To assist in the diagnosis and 
treatment of eye diseases, the retinal vascular trees are 
often mechanically dissected into the accompanying 
arteries and veins. The need to take into consideration 
projective ambiguity in addition to slight differences in 
lighting, contrast, and geometry adds to the complexity 
of the situation. Researchers have developed a novel 
method that uses the topology of the vascular network 
to differentiate between arteries and veins in CF 
images of the retina. This method is based on the fact 
that veins are more prominent than arteries. Both the 
estimation of the topology of the retinal blood vessels 
and the categorization of the A/V are framed as issues 
of pairwise clustering, and researchers use dominant set 
clustering to solve both. A graph may be constructed 
by first finding nodes, then segmenting pictures, and 
finally making an image. The “weight” of the edge 
may be determined by dividing the inverse Euclidean 
distance between its endpoints by the ratio of the edge’s 
intensity, direction, curvature, diameter, and entropy. 
This then yields the “weight” of the edge. Aortas and 
veins that have undergone effective healing have a 
particular morphology and level of intensity.

DME detection using OCT scans

It is feasible that 3D-to-2D image segmentation 
in OCTA scans may be accomplished by using an 
innovative end-to-end architecture that is known as 
an image projection network (IPN). This design was 
proposed by medical imaging experts [9]. The creation 
of a projection learning module (PLM) that chooses 
and eliminates features concurrently via the use of a 
unidirectional pooling layer is their key contribution. 
By merging several PLMs, the proposed network can 
analyse 3D OCTA data and give  2D  segmentation  
outputs,  including  the  segmentation  of  retinal  
vascular  structures. The measurement of retinal 
indicators does not need the use of projection maps or 
segmentation of the retinal  layers.  The researchers  put  
their  network  to  the  test  by requesting that  it  extract 

retinal vasculature (RVs) and the foveal avascular zone 
(FAZ) from photographs of the retina. The use of IPN 
as a 3D-to-2D segmentation network is successful, as 
shown by experimental data derived from 316 OCTA 
volumes. IPN is an advancement of state-of-the-art 
procedures since it integrates data on many modalities 
as well as volumetric measurements.

According to research that was presented in [10], scans 
obtained from retinal optical coherence tomography 
(OCT) might potentially be used to identify visual 
problems. The underlying factors that contribute 
to these visual irregularities include shifts in the 
orientation of the optical coherence tomography (OCT) 
B- scan and inconsistencies in the layers of the retina. 
The accuracy of the OCT image analysis will suffer as a 
result of these alterations. Researchers have developed 
a pre-processing method that may be used for B-scan 
alignment as part of this study. The investigators 
begin by putting forth a TV-UNet model as a means of 
precisely locating the retinal pigment epithelium (RPE) 
layer in each B-scan. Researchers determine a baseline 
and a curvature curve by making use of the RPE layer 
that has been revealed. To retain the size and form of 
the sick lesion, a one-of-a-kind alignment strategy that 
is window-transferring based is required. This strategy 
must be used to coerce curve points into constructing 
a straight line. For both training and testing the TV-
UNET, the researchers used a wide variety of datasets.

As shown in [11], optical coherence tomography 
angiography (OCTA) is a non-invasive imaging 
technology that may be used to examine retinal 
capillaries. This method offers resolution on the 
micron scale. Studies that demonstrate a link between 
micron-scale parameters and the degree of the retinal 
disease have pro- vided evidence that confirms the 
diagnostic utility of macular OCTA vascular measures. 
These metrics have their foundation in the statistical 
summaries of the retinal layers and 	 regions of 
interest in 2D and face projection images. OCTA 
pictures are used by re- searchers to generate a map of 
retinal vascular density. This is done so that they may 
investigate the changes in retinal vasculature that occur 
across different populations and longitudinal scans. 
Researchers can get a high-quality three-dimensional 
representation of OCTA-based vessel networks by 
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using curvelet-based denoising and optimally guided 
flux (OOF). After that, a three-dimensional map of 
the density of the blood vessels in the retina should be 
created. After that, the vessel mask from an OOF-based 
analysis is diffused throughout the whole of the picture 
volume to provide a vessel density image (VDI). To 
conduct inter-patient comparisons of retinal vasculature, 
non-linear three-dimensional OCT image registration is 
used. To demonstrate the efficacy of their methodology, 
the researchers tracked the progression of two diseased 
patients who had oedema during their studies. Their 
method is statistically tested by employing simulated 
capillary dropout data, along with a normal control 
population that is broken down into two age groups, and 
patients who have diabetic retinopathy (DR). Even in 
the presence of oedema, researchers have the potential 
to see localized vascular abnormalities as a result of 
simulated capillary loss, natural ageing, and DR illness. 
These results provide evidence that the framework has 
the potential to identify microvascular alterations and 
monitor the progression of retinal diseases.

Experts in the field of retinal image processing [12] 
believe that medical image registration could be used 
to evaluate longitudinal and cross-sectional data, 
objectively track the progression of a disease, and 
direct a computer-assisted diagnosis and treatment plan. 
These are just some of the potential applications of this 
technique. There has not been a lot of research done on 
de-formable registration for retinal OCT pictures, which 
is a method that enables more precise and quantitative 
comparisons. According to the findings of this study, a 
3D retinal OCT registration approach known as OCTR 
expert (OCT RE) should be used. This method is the 
first attempt to full 3D registration for retinal OCT 
photographs, and it may be used to analyse longitudinal 
OCT data for persons who are healthy as well as those 
who have diseases. To implement this method, initially, 
an eye motion artefact reduction technique will need to 
be carried out, and then a design detection deformation 
registration procedure will need to be performed. During 
the process of creating a picture, many properties are 
affixed to each voxel that makes up the image. The 
process of “detection” involves picking voxels that are 
“active” and building “point-to-point” correspondences 
between them. The picture undergoes a hierarchical 
transformation as a result of the multi-resolution 

deformation process. The recommended method was 
put to the test utilizing longitudinal OCT images on a 
total of twenty healthy participants in addition to four 
patients who had choroidal neovascularization (CNV).

Researchers [13] have developed a bias-free method of 
automated segmentation that may be used for optical 
coherence tomography (OCT) images in this study. 
The intensity, gradient, and adaptive normalized 
intensity scores of the segmented scans are taken 
into consideration by deep neural network regression 
while attempting to predict the retinal border pixel 
(ANS). Recasting the problem of segmentation as 
one of regression removes the need for a large dataset 
and simplifies the work at hand. On OCT scans with 
intensity changes, low contrast, speckle noise, and 
blood vessels, the use of ANS enhances the method’s 
accuracy while also increasing its processing speed. 
During testing with 114 photos, it took 10.596 seconds 
for each image to identify eight boundaries, but during 
training, it took 30 seconds per boundary line. The dice 
comparison found a similarity index of 0.966 between 
the two sets, suggesting a good level of precision in 
the results. Researchers were able to attain an average 
disparity of 0.612 pixels between human and automatic 
segmentation by adhering to the strategy that was 
advised.

According to the findings of the study [14], a modality-
specific attention network (MSAN) may be used to 
classify multi-modal retinal images. This network 
may use diagnostic pictures of both the fundus and 
the OCT. MSAN is equipped with two different focus 
modules: one is for fundus images, and the other 
is for OCT Scans. Ophthalmologists are required 
to do a local as well as global analysis of the fundus 
picture (e.g., from microaneurysms at the micrometre 
level, optic disc at millimetre level to blood vessels 
through the whole eye). Therefore, the researchers 
provide a multi-scale attention module that is specially 
adapted to fundus visuals. Images obtained with OCT 
that include substantial background patches can- 
not be utilized for diagnosis. As a result, it has been 
recommended that an attention module that is led by 
regions be used for encoding retinal layer information 
in OCT images. In the end, researchers develop a retinal 
image categorization network by fusing modality-
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specific characteristics into a multi-modal feature. 
The model takes into account aspects that are unique 
to each modality so that it may provide a more precise 
diagnosis. Their MSAN surpasses previous single-
modal  and  multi-modal  retinal  image  classification  
systems,  as  shown  by  experimental results employing 
a multi-modal retinal image dataset (fundus and OCT) 
gathered in a clinical context. Researchers [15] have 
developed a system that is based on ensemble learning 
(EL) that can segment retinal boundaries in OCT 
images in a way that is resistant to defects in the retina. 
The recommended method’s accuracy in segmentation 
was evaluated using two datasets that were available  to  
the  general  public.  These  datasets  included  photos  
of  severe  retinal  oedema. The suggested  strategy  
was  evaluated  alongside  two  other  approaches  that  
are  more  common. The recommended technique was 
an improvement over the conventional approaches 
since it was better at differentiating between normal 
and pathological retinal boundaries. After conducting 
an exhaustive reliability examination, it was shown 
that the manual Measures computed using human 
annotations and the manual measures produced by 
applying the suggested technique yielded results that 
were significantly concordant with one another.

OBSERVATIONS
Based on the review of existing retinal image processing 
models, it can be observed that 	 bioinspired & deep 
learning models outperform existing methods in terms 
of applicability and performance metrics. To further 
validate this claim, a comparative analysis of these 
methods is provided in this section, where the reviewed 
methods are evaluated in terms of accuracy of disease 
detection (A), precision (P), delay needed to identify 
diseases (D), computational complexity (CC), and 
scalability (S) of deployment for different use cases. 
Accuracy & Precision were directly inferred from 
the reference documents, but delay, complexity and 
scalability levels were quantized into ranges of Low 
(L=1), Medium (M=2), High (H=3), and Very High 
(VH=4), which will assist readers to compare these 
techniques on a uniform set of scales. Based on this 
strategy, the comparison of these models is tabulated 
in Table 2 and a graphical comparison is given in Fig 5 
and Fig 6 respectively.

Based on this evaluation, INSPIRE, PLM , OOF, ANS, 
MSAN and UNet showed higher accuracy, which is 
the best method for deep learning for retinal imaging 
tasks. Therefore, these models should be deployed for 
very precise use cases. OOF and DRIVE demonstrated 
higher accuracy using a simplified classification 
interface. Therefore, these techniques can be used for 
applications that require high consistency of retinal 
image processing for various batch operations.

In terms of computational complexity, EL and CAMR 
are superior to other models and are very useful for low-
complexity applications. Therefore, these models should 
be used for high-performance and low-complexity 
deployments. It is observed that PLM and ANS are 
faster, so they can be used in low-latency cases. These 
models are also useful for large-scale applications that 
require high throughput with some level of efficiency.
Table 2 Comparison of performance of various algorithms

Model A P CC D S
INS PIRE [8] 95.1 91.4 H VH H

PLM [9] 97.4 92.7 H H H
OOF [11] 97.4 94.1 H H H

OCT RE [12] 96.1 90.3 L VH H
ANS [13] 96.5 92.1 H VH H

MSAN [14] 97.5 93.9 VH H H
EL [15] 91.5 90.8 M H H

Seg RAVIR [16] 96.5 94.2 H H M
CAMR [17] 93.5 93 L VH H
UNet [18] 96.5 93.5 VH H H

GLUE [19] 97.8 91.2 H H H
DRN [20] 90.5 91.6 H VH H
RL [21] 94.5 93.8 H H M
LR [22] 85.5 91.2 H H H

MTLS [23] 85.3 87.3 H H H
OCTA Net [24] 90.5 90.5 H VH M
FS GAN [25] 94.8 92.4 L H H
MGAN [26] 95.3 92.9 H H H

Skel Con [27] 96.2 92.3 VH H M
CNN [28] 93.4 90.5 H H H

DRIVE [29] 90.8 92.8 H H M



202

Statistical Analysis of Retinal Image Processing Techniques............ Mundada, et al

www.isteonline.in     Vol. 46          Special Issue,         September, 2023

Fig. 5 Graphical representation of the accuracy of 
algorithms

Fig. 6 Graphical representation of precision of algorithms

CONCLUSIONS		
In terms of applicability and performance metrics, 
bioinspired and deep learning models outperform 
existing methods for retinal image processing based 
on a review of existing models. Due to the use of deep 
learning for retinal image processing operations, PLM, 
OOF, MSAN, RAVIR and GLUE demonstrated greater 
accuracy based on accuracy evaluations. Therefore, 
these models must be deployed for use cases requiring 
high precision. Similarly, OOF, MSAN, Seg RAVIR, 
CAMR, UNet, and RL exhibited greater precision due 
to the application of simplified classification interfaces. 
Thus, these methods can be utilized for applications 
requiring a high level of consistency in retinal image 
processing for various deployment operations. AGAN, 
PSO, and EL outperform other models in terms of 
computational complexity, making them exceptionally 
useful for low-complexity applications. Thus, these 
models must be utilized for deployments with high 
efficiency and low complexity. It can also be observed 
that AGAN and RDE have a higher speed and are 
therefore suitable for use cases with low delay. These 
models are also useful for large-scale applications 
that require consistent processing speed at a high 
level of efficiency for different use cases. In terms of 

scalability, DNN, AGAN, DDN, and DSC are observed 
to have superior performance and can be applied to a 
wider variety of use cases. To further facilitate model 
selection, a Retinal Rank Metric RRM, which combines 
these parameters, was estimated. This resulted in the 
identification that PLM, OOF, MSAN, CAMR, UNet, 
FS GAN and MGAN exhibit higher accuracy, higher 
scalability, lower complexity, high speed, and high 
scalability for different use cases. In terms of real-time 
evaluation scenarios, it is also possible to observe that 
Deep Learning Models outperform other models.

FUTURE SCOPE
In the future, the performance of the reviewed 
models must be evaluated on larger scenarios, and 
it can be enhanced through the incorporation of low-
complexity bio-inspired models such as Particle Swarm 
Optimization PSO, Grey Wolf Optimization GWO, 
etc. This performance can also be enhanced through 
the use of Auto Encoders AEs, Generative Adversarial 
Networks GANs, and other incremental learning 
techniques, making these models applicable for real-
time clinical use cases.
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ABSTRACT
Diabetic retinopathy (DR) is a reason for blindness. This disease raises a threat of developing deteriora
tions in blood vessels supplied by the retina. In this research, U-Net_Gannet Sine Cosine Algorithm 
(U-Net_GSCA) is used for DR segmentation, and DR classification is made by the GSCA_Deep 
Convolutional Neural Network (GSCA_DeepCNN). In the pre-processing process the Region of Interest 
(ROI) is extracted. For pre-processing process, it uses Laplacian filter. Color spacing, rotation, and bright
ness are the augmentation techniques used for image augmentation. U-Net which is tuned by GSCA is 
used for lesion segmentation. Furthermore, GSCA is the integration of GOA with SCA. The segmentation 
of the artery and vein is performed utilising the sparking process. In the feature extraction phase, they 
uses augmented and segmented images. From this images, the feature extraction is made. Finally, the 
classification of DR is made by the deep CNN that is also trained by GSCA. Furthermore, U-Net_GSCA 
achieved 92.6% segmentation accuracy, GSCA_DeepCNN achieved 92.2% classification accuracy, 92.5% 
sensitivity, and 91.9% specificity.
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1. Introduction

At present, one of the emerging diseases is diabetes. Diabetic 
Retinopathy (DR) is the name for the serious eye condition that 
has been linked to diabetes mellitus (Khan et al. 2021). An 
ophthalmic disorder known as DR damages the blood vessels 
of the retina. The main reason for the loss of vision or worse 
vision is caused due to DR. DR is the main cause of suffering 
from blindness among people of old and middle age groups 
(Gharaibeh et al. 2021). People of old and middle age groups 
are suffering from blindness due to DR (Gharaibeh et al. 2021). 
DR is classified into five phases or classes: mild, severe, normal, 
and Proliferative Diabetic Retinopathy (PDR) (Qummar et al.  
2019). The first four groups involve Non-Proliferative DR 
(NPDR) with lesions such as exudates (Akram et al. 2013), 
haemorrhages, and microaneurysms. The last class is PDR, 
which can be detected by particular lesions like Retinal 
Neovascularization (RNV). The DR is a state wherein eyes are 
affected owing to happening of diabetes (Aiello et al. 1974; 
Saini and Susan 2022). It is the most rigorous complexity of 
diabetes as well as the foremost cause of poor eyesight and 
also blindness (Luo et al. 2021). It is a universal issue related to 
the retina of humans. People suffering from diabetes are 
increasingly becoming vision-impaired, regardless of their 
age. The human eye comprises optical nerves and thus, eye 
images are segmented for getting better classification accuracy 
of diverse classes that are involved in DR (Tufail et al. 2021). 
Most diabetic patients are suffering from DR and hence, it is 
extremely needed to categorise the people in a shorter time 
along with higher accuracy. When a problem is detected, the 

affected patient is validated at regular periods to recognise the 
progression of the disease (Kalyani et al. 2021).

DR arises when higher sugar levels damage the retinal blood 
veins. These veins can spill and grow or they may be blocked thus, 
stopping blood flow. In other conditions, newer blood veins may 
form on the retina (Kalyani et al. 2021). In retinal fundus images, the 
early recognition and treatment are an important task as it can 
potentially reduce the risk of blindness. For diagnosis, recognition, 
and treatment of DR, retinal fundus images are used (Gharaibeh 
et al. 2018). The most effective treatment for DR is detecting it 
earlier (Al-Hazaimeh et al. 2022). Fundus screening is considered 
a common investigation technique and ophthalmologists take 
much time for diagnosing through fundus investigation (Luo 
et al. 2021). In general, highly experienced experts investigate 
coloured fundus images for diagnosing this deadly ailment. The 
physical diagnosing of this state is tedious as well as error-prone. 
Several computer vision-enabled algorithms have been developed 
to automatically recognise DR and its various categories from 
retinal images (Qummar et al. 2019). DR executes classification, 
segmentation, and object detection on DR fundus images (Saini 
and Susan 2022). The fundus photos demonstrate the presence of 
haemorrhages, exudates, and other eye impairments and are 
manually rated by a smaller number of ophthalmologists, whose 
numbers are diminishing each year (Decenciere et al. 2013; Tufail 
et al. 2021). The rigorous actuality is that the shortage of DR 
specialists makes to not get efficient detections of DR and treat
ments on time. For reducing expert’s work and increase effective
ness, many image assessment approaches are developed to help 
diagnosing of DR (Luo et al. 2021). The simplest DR lesions 
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detection, as well as severity grading techniques, suggests a newer 
method for computer-assisted diagnosing system development, 
which may be useful to ophthalmologists for diagnosing and 
identification of DR lesions with small modifications (Nair and 
Muthuvel 2019; Sugeno et al. 2021).

Deep learning (DL) approaches have emerged in most recent 
decades and their usage has become highly popular in several 
areas, particularly in clinical as well as medical image assessment 
subjects in the past few years. The DL model learns higher-level 
abstractions from existing information and can predict the con
sequences (Tu et al. 2017; Zeng et al. 2019). DL applications are 
very efficient image assessment tool, which successfully performs 
a process directly like segmentation, detection, retrieval, acquisi
tion, and classification. It improves colour fundus image quality 
and shows the defined lesion features of DR before Active Deep 
Learning (ADL) (Özbay 2022). The detection of DR (AlBalushi 2020) 
has concerned more attention presently and DL approaches have 
increased traction in this region. Presently, DR classification and 
detection utilising DL techniques are frequently based upon sin
gle-view fundus images that generally direct to unacceptable DR 
grading accuracy owing to unfinished lesion features. 
Convolutional Neural Network (CNN) has helped solve several 
problems in computer vision field. CNN is proved to be innovative 
in computer-vision areas. It is also utilised in the present time for 
segmentation, classification, object detection, and so on (Saini and 
Susan 2022). In recent times, DL approaches have made greater 
progress in automated DR detection based on fundus images (Luo 
et al. 2021). The DL is utilised to find the potent details from 
images that may be unnecessary or else it is detected and 
employed for classification with CNN (Heisler et al. 2020).

The prime intention is to design U-Net_GSCA and 
GSCA_DeepCNN for segmentation and classification of DR. At 
first by using the laplacian filter, the input image considered 
undergoes pre-processing and ROI is extracted. After that, the 
filtered image is augmented in an image augmentation phase, 
wherein augmentation techniques like colour spacing, rotation, 
and brightness are performed. The pre-processed picture is 
then segmented using U-Net into several lesions including 
Microaneurysms, Haemorrhages, Soft Exudates, and Hard 
Exudates during the lesion segmentation step. However, 
U-Net is trained to employ GSCA, which is formed by merging 
GOA and SCA. Afterward, artery and veins segmentation is 
performed utilising the sparking process. Thereafter, from aug
mented and segmented images the features are extracted. At 
this step, the following characteristics were extracted: artery 
veins ratio, area, colour histogram, entropy, kurtosis, eccentri
city, perimeter, Local Binary Pattern (LBP), Local Optimal 
Oriented Pattern (LOOP), Global Binary Pattern (GBP), and 
Histogram of Oriented Gradient (HOG). Finally, using the Deep 
CNN, the categorisation of DR into severity classes such as 
normal, moderate NPDR, mild NPDR, proliferative, and severe 
NPDR is carried out. Furthermore, Deep CNN is trained by 
a newly designed GSCA that is an assimilation of GOA and SCA.

1.1. Motivation

DR is a dangerous disease, also people of working age highly 
suffer from blindness due to this disease. Furthermore, DR is 
a highly feared complexity of diabetes and augments the 

chance of beginning other diseases like heart disease, kidney 
disorders, and so on. In the existing methods, manual detection 
is a time-consuming process. Also, the diagnosis process is very 
expensive. Some of the human limitations are, in a certain time, 
only limited patients are diagnosed. It is an error-prone process. 
This motivates devising the method for the classification of DR 
to identify diverse grades.

1.2. Contributions

The greatest contributions are elucidated as,

● Proposed U-Net_GSCA for DR segmentation: For the 
segmentation of lesions, U-Net_GSCA is presented. The 
lesion segmentation phase is performed wherein an 
image is segmented into several lesions employing 
U-Net. GSCA is an incorporation of GOA with SCA. By 
which the U-Net is trained.

● Proposed GSCA_DeepCNN for DR classification: An 
efficacious approach termed GSCA_DeepCNN is intro
duced newly in this work for DR classification. Here, DR 
is classified into severity grades utilising Deep CNN. 
A Deep CNN used for the classification of DR is trained 
by GSCA which is designed by integrating GOA with SCA.

The other sections are arranged as shown below: Section 2 
explains the existing paper reviewed by DR classification with 
demerits faced whereas Section 3 interprets designed techni
ques for segmentation and classification of DR. Section 4 
describes the results acquired by newly designed approaches 
whereas Section 5 ends with the conclusion of U-Net_GSCA 
and GSCA_DeepCNN.

2. Literature survey

For the detection of DR, Qummar et al. (2019) presented a DL 
ensemble approach that was capable of detecting all stages of 
the DR, but this method failed to train particular models for 
certain stages. Saini and Susan (2022) utilised DL for the 
screening process of DR. It required lesser parameters, though 
it did not emphasise the development of architectures for 
lesion segmentation and detection. Multi-view diabetic reti
nopathy network (MVDRNet) for the detection of DR is intro
duced by Luo et al. (2021). It can be successfully utilised in the 
DR detection field, though it was unsuccessful to train 
a network together with the lesion annotations. Khan et al. 
(2021) devised a deep learning-based ensemble approach for 
the recognition of DR. It utilised low computation resources, 
but failed to provide few other productive alterations in 
a model structure. Tufail et al. (2021) utilised 3D-CNN archi
tectures for diagnosing DR using retinal fundus images. The 
total performance of this model trained without augmenta
tion is highly superior, but there was a shortage of validation 
in the multi-centre validation group. Kalyani et al. (2021) 
designed a capsule network (CapsNet) for the classification 
and detection of DR. It achieved better outcomes for the early 
identification of retinopathy issues in diabetic patients, but it 
did not consider other datasets the network was not trained 
for DR classification. Özbay (2022) designed Active Deep 
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Learning-CNN (ADL-CNN) for the detection of DR in segmen
ted fundus images. This technique automatically detected five 
severity levels of DR, though it failed to utilise in diverse 
multimedia applications. Sugeno et al. (2021) developed 
EfficientNet-B3 for grading and lesion segmentation of DR. It 
was highly useful in detecting ground-truth lesion members, 
even though false positive detection of the blood vessels and 
optical discs was not enhanced. Fayyaz et al. (2023) proposed 
a deep learning network that is used to automatically detect 
and classify DR fundus images depending on severity using 
AlexNet and Resnet101-based feature extraction. It became 
more accurate when ResNet-101, but accurate detection of 
microaneurysms is still a problem in this method (Fayyaz et al.  
2023). Shaukat et al. (2023) proposed an Artificial intelligence 
(AI) based machine/deep learning method that performs 
a vital role to increase the performance of the detection 
process. It is time-saving, cost-saving, and efficient as com
pared to manual diagnosis methods, but they can only recog
nise hard exudates in the posterior pole and may miss cases 
which have DME (Shaukat et al. 2023). Ramzan et al. (2022) 
proposed a Graft-U-Net to segment polyps using colonoscopy 
frames. This model achieves accurate segmentation of color
ectal polyps, but the appearance of the polyps fluctuating 
under the same lighting conditions and variable texture, and 
varying angular views under different lighting conditions 
(Ramzan et al. 2022).

2.1. Challenges

The demerits confronted by reviewed approaches according to 
DR segmentation and classification are explained below.

● The strategy suggested by Saini and Susan (2022) for 
DR screening purposes did not investigate ensemble 
learning with varied pre-trained networks for extremely 
efficient diagnosis of DR and other challenging regions 
from the biomedical field for deriving many generic 
techniques.

● MVDRNet (Luo et al. 2021) was introduced for DR detec
tion that helped to incorporate diverse visions of patient 
images and also resolved corresponding issues in an area 
of clinical image processing, though it did not enhance 
the performance of multi-view DR detection.

● 3D-CNN architectures designed by Tufail et al. (2021) for 
diagnosing DR using retinal fundus images cannot treat 
other retinal illness.

● DR classification and detection were performed (Kalyani 
et al. 2021) by CapsNet obtained better accuracy in DR 
identification, but still, the devised scheme but this 
method is not feasible for all classes of DR.

● DR can cause total vision loss, which is a cumulative process, 
clinical specialists recommend that persons with diabetes be 
checked for indications of sickness at least twice a year. The 
detection process significantly depends on the assessment 
of colour pictures by visual scientists in present medical 
diagnosing. This identification method is time-consuming 
and difficult, which causes substantial issues.

3. Proposed U-Net_GSCA and GSCA_Deepcnn for DR 
segmentation and classification

Over the present years in developed and developing coun
tries, the occurrence of DR is increasing. Furthermore, the 
execution of annual eye investigations is a challenging task 
in rural or remote geographies owing to inadequate access to 
experienced ophthalmologists. Here, U-Net_GSCA for DR seg
mentation and GSCA_DeepCNN for DR classification are pre
sented. The first phase is conducted employing a Laplacian 
filter for eliminating noises and afterwards, ROI extraction is 
performed. Thereafter, image augmentation is done using 
augmenting techniques like colour spacing, rotation, and 
brightness. U-Net which is trained using GSCA is used for 
lesion segmentation. By combining GOA and SCA, The GSCA 
is formed. Then, artery and veins segmentation is done utilis
ing the sparking process. Following that, the feature extrac
tion step extracts the arteries to veins ratio, area, colour 
histogram, entropy, eccentricity, perimeter, kurtosis, LBP, 
LOOP, GBP, and HOG. For DR classification, GSCA-trained 
Deep CNN is employed. Figure 1 displays a graphical view of 
the proposed U-Net_GSCA for DR segmentation and 
GSCA_DeepCNN for the classification of DR.

3.1. Image acquisition

An input image is acquired for segmentation and DR classifica
tion from a certain dataset specified in https://ieee-dataport. 
org/open-access/indian-diabetic-retinopathy-image-dataset- 
idrid, which is given by, 

D ¼ D1;D2; . . . Dy . . . De
� �

(1) 

Where DR images contained in the database D are implied by 
De and Dy represents yth input image.

3.2. Pre-processing utilising Laplacian filter

Pre-processing is carried out to improve the picture, and unwill
ing deformations are repressed. Here, the Laplacian filter is 
intended for eliminating unnecessary noises and afterwards, 
extraction of ROI is conducted in the filtered image. The 
image considered for processing is implied by Dy .

3.2.1. Laplacian filter
The Laplacian operator is employed to locate edges in images 
(Khan et al. 2019). Laplacian is a derivative mask of the second 
order. This mask categorises both positive and negative Laplacian 
operators. The Laplacian of an image emphasises regions of fast 
intensity change and is thus widely used for edge identification 
and noise reduction. Laplacian equation utilised for computation 
of edge detection can be modelled by,   

Ly ¼ Δ2B ¼
@2B
@ε2 þ

@2B
@τ2

� �

� B ε; τð Þ (2) 

Where a filtered image is symbolised by Ly .
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3.2.2. ROI extraction
The filtered picture Ly is used as an input for ROI extraction. The 
ROI is part of an image that is desired to be filtered in some 
manner. It detects the significant region from filtered images. In 
an image, the pixel belonging to ROI is fixed to 1 whereas pixels 
exterior to ROI is fixed to 0. The acquisition of the ROI is an 
essential phase in image pre-processing and a critical step in 
DR classification. The quality of ROI extraction has a direct impact 
on picture enhancement and normalisation results. The ROI 
extracted image is represented here by the word Ry .

3.3. Image augmentation

Dataset dimension is handled by image augmentation and it is 
referred to as a robust method. The image augmentation 

approaches are generally utilised for increasing the effectiveness 
of the feature extraction process. Here, an extracted image Ry is 
regarded as an input for conducting the image augmentation 
stage. In this phase, colour spacing, rotation, and brightness are 
the augmentation techniques carried out.

3.3.1. Colour spacing
In traditional photometric image augmentation, colour spacing 
(Khalifa et al. 2022) is regarded as the significant method to 
increase the count of images and also, it reveals a few crucial 
features present in an image that are unseen under certain 
colour space. The colours are depicted utilising the amount of 
green, blue, and red produced by the phosphor panel. 
A conversion from red-green-blue to cyan-magenta-yellow 
can be illustrated by, 
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Figure 1. The graphical vision of the proposed U-Net_GSCA and GSCA_DeepCNN for segmentation and DR classification.
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Here, C1; C2 and C3 denotes cyan, magenta, and yellow whereas 
S1; S2 and S3 represents red, green, and blue. The colour spa
cing augmentation technique can be signified as A1 .

3.3.2. Rotation
The rotation (Khalifa et al. 2022) is another kind of traditional 
geometric image augmentation, where the rotation process is 
carried out by rotating an image about the axis in a left or right 
direction by angles between 1 and 359. The equation of rota
tion can be formulated as follows. 

pω
pς

� �

¼
cos Ψ � sin Ψ
sin Ψ cos Ψ

� �

:
ω
ς

� �

(4) 

Here, pω and pς are the newer location of each pixel after 
a process of rotation whereas ω and ς implies coordinates 
pair. The rotation technique can be denoted by a term A2 .

3.3.3. Brightness
The image brightness is altered randomly for imitating 
a situation of an ophthalmologist’s investigation underneath 
various illumination and it is indicated by A3 .

Hence, Jy is the augmented image such that it can be 
given as, 

Jy ¼ A1;A2; A3f g (5) 

3.4. Lesion segmentation

DR lesion segmentation is the requirement chore for the classi
fication of DR and also, and it lays a base for the following 
severity gradings of DR. In the lesion segmentation phase, the 
extracted image Ry is fed as an input. The lesion segmentation 
is executed utilising U-Net which is trained by GSCA, which is an 
incorporation of GOA with SCA.

3.4.1. Architecture of U-Net
(Siddique et al. 2021) U-Net can be classified into two seg
ments: An initial one is a contracting path, which utilises the 
general architecture of CNN. Each block in the contracting path 
comprises two consecutive 3� 3 convolutions that are pur
sued by the ReLU activation function as well as the max- 
pooling layer. The organisation is continued at various times. 
U-Net novelty occurs in the second segment termed expansive 
path wherein each phase upsamples feature map utilising 
2� 2 up-convolution. The feature map from a similar layer in 
a contracting route is then cropped and concatenated to pro
duce an upsampling feature map. It is then followed by two 
convolutions and the ReLU activation function. Following that, 
the feature map from a corresponding layer in a contracting 
route is cropped and concatenated to create an upsampling 
feature map. It is pursued by two consecutive 3� 3 convolu
tions as well as the ReLU activation function. In the last step, 
extra 1� 1 convolution is used for reducing the feature map to 
the necessary count of the channels and generates 
a segmented image. The features in the edges of the pixel 

have less context details. Hence, cropping is needed to remove 
the features. Its outcomes in the network are similar to 
a U-shape and significantly propagate context details along 
a network that permits segmenting objects in a region utilising 
contextual from bigger overlapping regions.

An energy function for the network can be specified by, 

N ¼
X

b zð Þ log Yf zð Þ zð Þ
� �

(6) 

Here, Yf denotes pixel-wise softmax function that is applied all 
over the last feature map and can be defined by, 

Yf ¼ exp αf zð Þð Þ=
XF

f 0¼1

exp αf zð Þ0
� �

(7) 

Where, αf signifies activation in the channel f . A segmented 
output from U-Net is denoted by Uy and U-Net structure is 
depicted in Figure 2.

3.4.2. Training of U-Net utilising GSCA
GOA (Pan et al. 2022) is used to enable exploitation and 
exploration by forming numerous different features of gan
nets. The V-shape and U-shape diving patterns are held 
responsible for exploring the perfect area amid searching 
space by applying unexpected random strolling and twists 
to ensure the top results. This approach provided the best 
solutions in several cases. SCA (Mirjalili 2016) creates several 
random initialised candidate solutions and requires them to 
vary towards or away from the best answer via mathema
tical form based on sine and cosine functions. This approach 
was capable of exploring diverse areas of searching space, 
avoiding local optimum, converging towards global optima, 
and exploiting promising areas of searching space at the 
time of optimisation efficiently. In this case, GOA and SCA 
are combined to generate GSCA, which is ideal for training 
U-Net for lesion segmentation.

3.4.2.1. Gannet position encoding. In the search space � , an 
optimal solution is found, where the U-Net learning parameter 
is denoted by o , such that � ¼ 1� o .

Fitness measure: The fitness is calculated using disparities 
between U-net and goal outputs that can be modelled by, 

χ1 ¼
1
e

Xe

y¼1

Ty � Uy
� � 2 (8) 

Where overall images are specified by e and outputs of 
target and U-Net are symbolised by Ty and Uy .

To acquire an optimal solution, GSCA follows the steps 
revealed below.

Step 1: Solution initialization
Initially, GOA begins with a group of random solutions, 

where an optimum solution point is considered the optimum 
global solution. 

H ¼ H1;H2; . . . ;Hk; . . . ;Hg
� �

(9) 

Here, hk signifies kth candidate solution whereas hg implies total 
variables and H reveals population.

Each hk;l can be formulated by, 
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hk;l ¼ a1 � Pl � Wlð Þ þW; k ¼ 1; 2; . . . ; X; l ¼ 1; 2; . . . ; d (10) 

Here, Pl and Wl denote the upper bound and lower bound of lth 

dimension of the known problem. X specifies the count of 
individual members in the population, d indicates the dimen
sion size of the problem, and a1 signifies random numbers 
between 0 and 1.

Step 2: Computing objective function
Based on the difference between U-Net and intended out

puts. Equation (8) is used for assessing the objective function.
Step 3: Exploration stage
Gannets look for prey in water from the air, and once found, 

they modify their dive patterns to match the animal’s diving 
depth. U-shaped diving and V-shaped diving are the two types 
of diving in GOA. The below-mentioned Equation (12) is used 
for U-shaped dive whereas Equation (13) is employed for 
V-shaped dive. 

n ¼ 1 �
m
M

(11) 

i ¼ 2 � cos 2 � π � a2ð Þ � n (12) 

j ¼ 2 � E 2 � π� a3ð Þ � n (13) 

E hð Þ ¼ f
� 1

π � hþ 1; h 2 0; πð Þ
1
π � h � 1; h 2 π; 2πð Þ

(14) 

Here, m indicates the count of current iterations, m represents 
the maximal number of iterations while a2 and a3 signifies 
random numbers amid 0 and 1.

A pursuing step is to employ two dive methods for 
a position update. Gannets contain essentially equal probability 
of selecting amid two methods when predating, thus the ran
dom number t is stated for randomly choosing two dive stra
tegies. A position update formula is illustrated as, 

Mk nþ 1ð Þ ¼ Hk nð Þ þ μ1 þ μ2 ; t � 0:5 (15) 

Let us consider, 

μ2 ¼ Υ � Hk nð Þ � Hν nð Þð Þ (16) 

Mk nþ 1ð Þ ¼ Hk nþ 1ð Þ (17) 

Then, Equation (15) becomes, 

Hk nþ 1ð Þ ¼ Hk nð Þ þ μ1 þ Υ � Hk nð Þ � Hν nð Þð Þ (18) 

Hk nþ 1ð Þ ¼ Hk nð Þ þ μ1 þ Υ � Hk nð Þ � Υ Hν nð Þ (19) 
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Figure 2. Architecture of U-Net.
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Hk nþ 1ð Þ ¼ Hk nð Þ 1þ Υ½ � þ μ1 � Υ Hν nð Þ (20) 

A standard equation of SCA is modelled by, 

H nþ 1ð Þ ¼ H nð Þ þ λ1 sin λ2ð Þ � λ3 T � H nð Þ (21) 

Let us assume, 

H nþ 1ð Þ ¼ Hk nþ 1ð Þ (22) 

H nð Þ ¼ Hk nð Þ (23) 

Then, Equation (21) becomes, 

Hk nþ 1ð Þ ¼ Hk nð Þ þ λ1 sin λ2ð Þ � λ3 T � Hk nð Þ (24) 

Hk nþ 1ð Þ ¼ Hk nð Þ 1 � λ1 sin λ2ð Þ½ � þ λ1 sin λ2ð Þ � λ3 T (25) 

Hk nð Þ ¼
Hk nþ 1ð Þ � λ1 sin λ2ð Þ λ3 T

1 � λ1 sin λ2ð Þ
(26) 

Substitute Equation (26) in Equation (20), 

Hk nþ 1ð Þ ¼
Hk nþ 1ð Þ � λ1 sin λ2ð Þ λ3 T

1 � λ1 sin λ2ð Þ

� �

1þ Υ½ � þ μ1

� Υ Hν nð Þ (27) 

Hk nþ 1ð Þ �
Hk nþ 1ð Þ 1þ Υ½ �

1 � λ1 sin λ2ð Þ
¼ μ1 �

λ1 sin λ2ð Þ λ3 T
1 � λ1 sin λ2ð Þ

1þ Υ½ �

� Υ Hν nð Þ

(28) 

Hk nþ 1ð Þ 1 � λ1 sin λ2ð Þ � 1 � Υð Þ

1 � λ1 sin λ2ð Þ

¼
μ1 � Υ Hν nð Þð Þ 1 � λ1 sin λ2ð Þð Þ � λ1 sin λ2ð Þ λ3 T 1þ Υ½ �

1 � λ1 sin λ2ð Þ

(29) 

Hk nþ 1ð Þ ¼
μ1 � Υ Hν nð Þð Þ 1 � λ1 sin λ2ð Þð Þ � λ1 sin λ2ð Þ λ3 T 1þ Υ½ �

� Υ � λ1 sin λ2ð Þ
(30) 

An update equation of GSCA is modelled as, 

Hk nþ 1ð Þ ¼
λ1 sin λ2ð Þ λ3 T 1þ Υ½ � � μ1 � Υ Hν nð Þð Þ 1 � λ1 sin λ2ð Þð Þ

Υ þ λ1 sin λ2ð Þ
(31) 

Here, T implies a position of targeted solution whereas λ1; λ2 

and λ3 denote a random number among 0 and 1. Hν nð Þ speci
fies randomly selected individuals in the existing population. μ1 
signifies a random number between � i and i . 

Υ ¼ 2 � a4 � i � ið Þ (32) 

Where, a4 specifies random number amid 0 and 1.
If an above-stated condition is not satisfied, then a position 

updating formula can be formulated by, 

Mk nþ 1ð Þ ¼ Hk nð Þ þ η1 þ η2 ; t< 0:5 (33) 

η2 ¼ Z � Hk nð Þ � Hx nð Þð Þ (34) 

Z ¼ 2 � a5 � 1ð Þ � j (35) 

Here, a4 and a5 are random numbers amid 0 and 1, η1 signifies 
random number amongst � j and j , Hk nð Þ symbolizes kth indivi
dual in the current population, Hx nð Þ denotes the average posi
tion of individual members in existing population, which can be 
formulated by, 

Hx nð Þ ¼
1
X

XX

k¼1

Hk nð Þ (36) 

Step 4: Exploitation stage
After a gannet rushes to water in the above-mentioned two 

methods, two activities are essential for subsequent exploitation. 
A clever fish in the water is frequently followed by an unexpected 
twisting movement to avoid gannets hunting it. A gannet also 
expends a lot of energy in order to grab a fish that is attempting 
to escape. Equation (37) is employed to model capture capacity 
in this case. When the gannet has enough energy, it will catch 
fish. As time passes, the gannet’s energy decreases, and it is 
unable to carry out the capturing deed. 

A ¼
1

< � n2
(37) 

n2 ¼ 1þ
m
M

(38) 

< ¼
E � υ2

O
(39) 

O ¼ 0:2þ 2 � 0:2ð Þ � a6 (40) 

Here, a6 indicates random number amid 0 and 1, E  = 2.5 Kg 
indicates gannet weight, υ ¼ 1:5 m=s signifies gannet speed in 
the water, ignoring water resistance during this time.

If the catching potential of the gannet is within a range of 
catchable prey, the position is then updated with unpredicted 
turning or else it is not proficient to catch flexible fishes and 
performs Levy movement for randomly finding the following 
target. 

Mk nþ 1ð Þ ¼
n � delta � Hk nð Þ � Hbest nð Þð Þ þ Hk nð Þ ; A � $ ðiÞ
Hbest nð Þ � Hk nð Þ � Hbest nð Þð Þ � I � n ;A<$ ðiiÞ

�

(41) 

delta ¼ A � Hk nð Þ � Hbest nð Þj j (42) 

I ¼ Levy dð Þ (43) 

Here, $ ¼ 0:2 specifies a constant, wherein the value is deter
mined after various experimentations. Hbest nð Þ implies best- 
implementing individual in existing population whereas 
LevyðÞ implies Levy flight function that can be illustrated by, 

Levy dð Þ ¼ 0:01�
ζ � σ

,j j
1
δ

(44) 

σ ¼
Γ 1þ δð Þ � sin πδ

2

� �

Γ 1þδ
2

� �
� δ� 2

δ� 1
2ð Þ

 !1
δ

(45) 
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Here, ζ and σ symbolizes random values amid 0 and 1 where 
δ ¼ 1:5 indicates a pre-determined constant.

Step 5: Termination
The above-mentioned processes are carried out indefinitely 

to obtain the optimal answer. Algorithm 1 describes the GSCA 
pseudo code.

3.5. Artery and vein segmentation

An artery and vein segmentation is a significant metric in 
computer-aided diagnosing of several vascular and systematic 
diseases. Therefore, effective and accurate segmentation of 
arteries and veins is the requirement for precise measurement 
of various key parameters. For artery and vein segmentation 
the sparking process is utilised and Ry is the input.

The sparkling process (Mane and Jadhav 2017) technique for 
automated blood vessel segmentation is developed using opti
mal threshold values evaluation.

An input-filtered image having size v � w undergoes 
a sparking process. An input image is converted to w diverse 
images by an exponential kernel. Let c specifies random integer 
developed with a dimension of 1� w whereas I denotes thresh
old value provided by a user. The data conversion to an expo
nential function, as shown below, identifies an exponential 
kernel. 

�h1 ¼ exp�
c2

2I2

� �

(46) 

A vector �hβ is normalised utilising the below equation for 
obtaining the kernel. 

Ke1 ¼

1
w

Pw

β¼1
max �h1ð Þ � �h1

" #

� �h1

Pw

β¼1
max �h1ð Þ � �h1

(47) 

An image considered as input is rotated to w several angles for 
yielding w images of equal size. A sparking image can be 
acquired utilising the below equation. 

Oy ¼ ϕnew β; γð Þ ¼
ϕ�h þ ϕmin β;γð Þ

ϕmax β; γð Þ
255 (48) 

Where, 

ϕmin β; γð Þ ¼ min o1 β; γð Þ; o2 β; γð Þ; . . . ow β; γð Þ½ � (49) 

ϕmax β; γð Þ ¼ max o1 β; γð Þ; o2 β; γð Þ; . . . ow β; γð Þ½ � (50) 

Equation (48), Oy implies artery and vein-segmented image.

3.6. Feature extraction

Feature extraction handles the trouble of finding a highly com
pacted and informative set of features for enhancing proces
sing and efficacy. Here, LBP, LOOP, GBP, and HoG are extracted 
and then, colour histogram features are applied. Thereafter 
artery to vein ratio, entropy, kurtosis perimeter, and area are 
determined. To perform feature extraction Gy is given as an 
input, such that, 

Gy ¼ Jy;Uy;Oy
� �

(51) 

3.6.1. Lbp
LBP (NarainPonraj et al. 2018) is primarily established for 3� 3 
neighborhoods, delivering 8-bit codes based on neighbour pix
els surrounding the core one. For a known pixel xyρ; abρ

� �
, the 

output LBP in decimal form may be calculated as follows, 

Z1 ¼ LBP xyρ; abρ
� �

¼
X7

cd¼0
H ijmn � ijρ
� �

2cd (52) 

Here, cd specifies 8 neighbours of the central pixel whereas ijρ 

and ijmn signifies grey level values of a central pixel as well as 
surrounding pixels. A function H Àð Þ is illustrated by, 

H Àð Þ ¼
1 if À � 0
0 if À< 0

�

(53) 

Here, LBP is symbolised by Z1 .

3.6.2. Loop
LOOP (Narain Ponraj et al. 2018) pattern is referred to the non- 
linear integration of LBP and LDP (Local Directional Pattern). 
LOOP is employed to ease the shortcomings of LBP and LDP. 
The pattern inclusion is assigned to each neighbourhood pixel 
by binarization weights. A value of LOOP for the pixel xyρ; abρ

� �

can be illustrated by, 

Z2 ¼ LOOP xyρ; abρ
� �

¼
X

H ijmn � ijρ
� �

: 2klmn (54) 

Algorithm 1. Pseudo code of GSCA
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Where, 

H Àð Þ ¼
1 1muif À � 0
0 otherwise

�

(55) 

The LOOP can be indicated by Z2 .

3.6.3. Gbp
GBP (Praveena 2017) is the texture operation commonly help
ful in diverse computer-vision problems like classification of 
texture, acknowledgement of face, and subtraction of back
ground. GBP portrays all pixels by corresponding dim evalua
tions of neighbour pixels. GBP operator explains individual 
pixels by the corresponding gradient in diverse pixel direc
tions. GBP value of the pixel at a location XY; TUð Þ can be 
modelled by, 

Z3 ¼ GBP XY; TUð Þ ¼ u =1 XY; TUð Þk k � =4 XY; TUð Þk kð Þ

þ u =3 XY; TUð Þk k � =4 XY; TUð Þk kð Þ21

þ u =1 XY; TUð Þk k � =2 XY; TUð Þk kð Þ22

þ
X4

vw¼1

u =vw XY; TUð Þð Þ27� vw

(56) 

u Àð Þ ¼
1 1muif À � 0
0 otherwise

�

(57) 

Here, =2 and =4 are gradients in a horizontal direction and 
vertical direction whereas =1 and =3 are gradients in other 
diagonal directions. GBP value is an integer between 0 and 
27-1. A histogram measurement is 27 and a GBP values histo
gram is computed for texture description and organisation. 
GBP feature is indicated by Z3 .

3.6.4. HoG
HoG (Antonik et al. 2019) is based on Scale-Invariant Features 
transform (SIFT) descriptors. For the computation of the HoG 
descriptor, initially, vertical as well as horizontal gradients are 
evaluated by filtering an image with the below-mentioned 
kernels. 

GRαβ ¼ � 1; 0; 1ð Þ (58) 

GRω$ ¼

� 1
0
1

0

@

1

A (59) 

Thereafter, the magnitude mg αβ;ω$ð Þ and orientation 
θ αβ;ω$ð Þ of the gradients are estimated for individual pixel 
utilisation, 

mg αβ;ω$ð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
AX2

αβ þ AX2
ω$

q
(60) 

θ αβ;ω$ð Þ ¼ arctan
AXαβ

AXω$

� �

(61) 

Here, AXαβ‘ and AXω$‘ denote the approximation of the hori
zontal gradient as well as the vertical gradient. The HoG feature 
can be represented by a term Z4 .

From the above-mentioned features, textural feature images 
are obtained that are denoted by κ1 , such that, 

κ1 ¼ Z1; Z2; Z3; Z4f g (62) 

3.6.5. Color histogram features
Colour histogram features (Sergyan 2008) are applied to 
textural feature images, which is termed as κ1 . A colour 
channel’s levels of brightness or the number of pixels at 
each value are measured in an image’s histogram. 
A histogram’s outline provides information about the nat
ural effect of an image or sub-image while considering the 
item inside the picture.

The histogram characteristics under consideration are statis
tically enabled, with the histogram employing a probability 
distribution model of the intensity levels. The statistical char
acteristics provide information about the qualities of an image’s 
intensity level distribution. A probability of a first-order histo
gram can be defined by, 

PR glð Þ ¼
B glð Þ

NP
(63) 

Where, NP indicates the count of pixels in an image. When the 
whole image is underneath a consideration, then NP ¼ B2 for 
B� B image and B glð Þ specifies the count of pixels at the grey- 
level gl . By applying colour histogram features, an image is 
obtained such that, 

κ2 ¼ Zi1; Zi2; Zi3; Zi4f g (64) 

Thereafter, artery-to-vein ratio, entropy, kurtosis, eccentricity, 
perimeter, and area are determined κ2 .

3.6.6. Artery-to-vein ratio
The mean of arteriole and venule width, sum of arteriole and 
venule widths, sum of squares of arteriole and venule widths, 
central retinal artery equivalent (CRAE), and central retinal 
venous equivalent (CRVE) are used to calculate the artery-to- 
vein ratio (Hubbard et al. 1999). For quantifying generalised 
narrowing as an artery-to-vein ratio, the calibrations of each 
arteriole, as well as venules, are combined that can be formu
lated by, 

Arterioles CT ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:87 CS2 þ 1:01 CL2 � 0:22 CS CL � 10:76

p

(65) 

Venules CT ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:72 CS2 þ 0:91 CL2 þ 450:05

p
(66) 

Where CT indicates the trunk vessel’s calibre, CS signifies 
the smaller branch’s calibre, and CL represents the larger 
branch’s calibre. The artery-to-vein ratio is signified by 
a term K1 .

3.6.7. Area
Area (Butusov and Dikusar 2018) is an overall count of pixels 
that forms pattern objects in the binary image and can be 
formulated by, 

K2 ¼ EFgh

X

px;pyð Þ2Ωgh

1 (67) 

Here, px; pyð Þ implies pixel and Ωgh indicates a group of every 
pixel that forms gh object.
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3.6.8. Entropy
Entropy (Mall et al. 2019) calibrates a degree of uniformity 
among pixels within an image and randomness is utilised for 
characterising the texture of an image. Entropy can be given by 
the formula mentioned beneath. 

K3 ¼
XRS� 1

ef¼0

XRS� 1

tu¼0
PX ef ; tuð Þ log PX ef ; tuð Þð Þ (68) 

Here, ef and tu symbolizes the coefficients of element and 
coordinates of an element.

3.6.9. Eccentricity
It denotes an eccentricity (Butusov and Dikusar 2018) of the 
ellipse, which has similar second-moments as the object. The 
eccentricity is computed as follows. 

K4 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
AL2

max � AL2
min

p

ALmax
(69) 

Here, ALmax and ALmin represent the length of the maximal and 
minimal axis of inertia.

3.6.10. Kurtosis
It is defined as a probability distribution measure of an actual 
value random variable. It is a shape descriptor of probability 
distribution and can be illustrated by, 

K5 ¼

P
MN � MN1
� �4

dSD3
(70) 

Here, MN and SD reveals the mean and standard deviation.

3.6.11. Perimeter
The perimeter (Butusov and Dikusar 2018) is evaluated by 
computing a distance among individual adjoining pairs of pix
els about the boundary of an area. A perimeter can be signified 
as K6 .

Thus, a feature vector is attained indicated by Ky , such that, 

Ky ¼ K1; K2; K3; K4; K5; K6f g (71) 

3.7. DR classification utilizing deep CNN

The classification of DR is a complex chore owing to vital visual 
dissimilarities in lesion sizes amid fundus images of similar 
classes and the visual resemblance in shapes as well as colours 
amongst fundus images of two diverse classes. Here, the classi
fication of DR is conducted utilising Deep CNN (Tu et al. 2017) 
which is skilled by GSCA. An input regarded for executing the 
classification phase of DR is Ky .

3.7.1. Architecture of deep CNN
A feed-forward network called CNN (Rawat and Wang 2017), 
where from input to output the flow of information takes 
place. The CNN structure is available in a variety of config
urations. In general, it consists of pooling and convolutional 
layers, which are then built into modules. Then, like in 
essential feed-forward neural networks, several fully con
nected (FC) layers are added. To make a deep system, 
these modules are commonly layered on top of one 

another. The input picture is directly fed into the network 
by several phases of the convolution layer as well as the 
pooling layer. Then, representations of these functions are 
assigned to one or more FC levels. Finally, the FC layer 
outputs a list of class labels.

(i) Convolutional layers: This layer serves as extractors of 
features and hence it learns to feature illustrations of an input 
image. The feature maps are set with the neurons from the 
convolution layers. A set of trainable weights, commonly 
referred to as a filter bank, connects a particular neuron’s 
receptive field in a feature map to a neighbourhood of neu
rons in the preceding layer. For creating updated feature 
maps, the inputs undergo convolution with learnt weights, 
and the convolutional outputs are then subjected to 
a nonlinear activation function. The weights of each neuron 
in the feature map are required to be similar. Moreover, sev
eral feature maps inside similar convolutional layers contain 
several weights, and hence numerous features are extracted 
at individual positions. 

Vr ¼ f Qr � sð Þ (72) 

Here, an input image is indicated by s , a convolutional filter 
corresponding to rth feature map is signified by Qr whereas �
represents a two-dimensional convolution operator that is utilised 
for calculating an interior product of the filter position of the input 
image, and f :ð Þ denotes a nonlinear activation function.

(ii) Pooling layers: Pooling layers try to provide spatial 
invariance to input deformations and translations while redu
cing the spatial resolution of feature maps. Average pooling 
layers are commonly used to propagate the average of every 
input value of a smaller neighbourhood of an image to the next 
layer. Furthermore, max-pooling layers distribute the maximum 
value inside a receptive field to the next layer. A max-pooling 
layer chooses a large element within the individual receptive 
field and can be given by, 

Vrφψ ¼ max
pp;qqð Þ2Kφψ

sr pp qq (73) 

Here, the output of the pooling function related to rth feature 
map is specified by Vrφψ , sr pp qq implies element at the position 

pp; qqð Þ comprised by the pooling region Kφψ that embodies 
the receptive field across the location φ;ψð Þ .

(iii) FC layer: Various convolutional and pooling layers are 
typically layered on top of one another to gain multiple 
abstract feature descriptions while travelling through 
a network. FC layers, which pursue these layers describe feature 
depictions and execute higher-level reasoning functions. For 
classification purposes, it is basic to utilise the softmax operator 
at the top of Deep CNN.

The classified output from deep CNN is implied by Ny . The 
deep CNN structure is demonstrated in Figure 3.

3.7.2. Training of deep CNN utilising GSCA
GOA (Pan et al. 2022) is a naturally enthused algorithm that 
is stimulated by predation characteristics of gannets natu
rally. It has minimal running time in higher dimensions and 
also, it offers the best solution. This approach is also highly 
suitable for various constrained engineering problems. For 
solving real time issues, the SCA (Mirjalili 2016) is highly 
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efficient with constrained as well as unknown searching 
spaces. Here, GSCA is used to train Deep CNN for the 
classification of DR. The steps followed by GSCA are pre
viously interpreted in section 3.4.2.

Fitness measure: The fitness computation is conducted by 
evaluating a variation among target as well as Deep CNN out
puts and can be illustrated by,

χ2 ¼
1
e

Xe

y¼1

Ty � Ny
� � 2 (74) 

Where, Ny and Ty signifies Deep CNN and target outputs.

4. Results and discussion

U-Net_GSCA and GSCA_DeepCNN performed more effectively 
in the DR segmentation and classification, as seen in the sec
tions below.

4.1. Experimentation setup

The setup is done by PYTHON tool for U-Net_GSCA DR seg
mentation and GSCA_DeepCNN for DR classification.

4.2. Description of dataset

The Indian diabetic retinopathy image dataset (IDRID) https:// 
ieee-dataport.org/open-access/indian-diabetic-retinopathy- 
image-dataset-idridis classified into three portions namely seg
mentation that comprises 81 actual colour fundus images in 
JPG files, ground truth images for lesions in TIF files and optic 
disc in TIF files. Then comes disease grading, which includes 
516 real-colour fundus photos in JPG format, as well as ground 
truth labels for DR in a CSV file. Finally, there are 516 genuine 
colour fundus photographs in JPG format, ground truth labels 
for an optic disc centre position in a CSV file, and ground truth 
labels for a fovea centre location in a CSV file in localisation.

4.3. Experimental outcomes

Experimentally acquired outcomes with the designed 
approaches are interpreted in Figure 4. Figure 4(a–i) delineates 
input image-1, filtered image-1, colour spacing image-1, 
rotated image-1, brightness image-1, segmented image-1, 
sparking image-1, LBP image-1, HoG image-1 whereas input 
image-2, filtered image-2, colour spacing image-2, rotated 
image-2, brightness image-2, segmented image-2, sparking 
image-2, LBP image-2, HoG image-2 are revealed in Figure 4 
(j–r).

4.4. Performance metrics

The measures that are regarded for assessment are Accuracy, 
Specificity, and Sensitivity, which are explicated as follows.

4.4.1. Accuracy
It states the percentage of DR-affected patients that have been 
classified accurately and can be modelled by, 

ƛ1 ¼
NETR þ POTR

POTR þ POFS þ NETR þ NEFS
(75) 

Here, the value of true positive is POTR and the value of true 
negative is whereas POFS and NEFS are the value of false positive 
and false negative.

4.4.2. Sensitivity
It is a proportion of patients whose test outcome is positive for 
DR amongst the patients affected with DR. It can be given by, 

ƛ2 ¼
POTR

POTR þ NEFS
(76) 

4.4.3. Specificity
The specificity is referred to as a proportion of healthier 
patients does not have DR, whose test outcome is negative 
and can be expressed by, 

Figure 3. The architecture of Deep CNN.
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Figure 4. Experimentation outcomes of designed approaches, (a) input image-1, (b) filtered image-1, (c) color spacing image-1, (d) rotated image-1, (e) brightness 
image-1, (f) segmented image-1, (g) sparking image-1,(h) LBP image-1, (i) HoG image-1, (j) input image-2, (k) filtered image-2, (l) color spacing image-2, (m) rotated 
image-2, n) brightness image-2, (o) segmented image-2, (p) sparking image-2, (q) LBP image-2, (r) HoG image-2.
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ƛ3 ¼
NETR

NETR þ POFS
(77) 

4.5. Performance analysis

By changing the values of training data and k value, the per
formance analysis is executed.

4.5.1. Assessment based on training data
In Figure 5 the analysis of GSCA_DeepCNN to reveal per
formance regarding measures for evaluation by changing 
training data is signified. Figure 5a) elucidates an evaluation 
based on accuracy. For 90% of the training data, 
GSCA_DeepCNN gains the accuracy of 0.836 with epochs- 
20, 0.856 with epochs-40, 0.876 with epochs-60, 0.897 with 
epochs-80 and 0.903 with epochs-100. Estimation with 
respective to sensitivity is interpreted in Figure 5b). 
Sensitivity gained by the GSCA_DeepCNN is 0.822, 0.855, 
0.873, 0.890, and0.900 with epochs 20, 40, 60, 80, and 100 
when training data is considered as 90%. Figure 5c) 
describes the evaluation regarding specificity. The specifi
city value achieved by designed GSCA_DeepCNN is 0.822 

with epochs-20, 0.853 with epochs-40, 0.874 with epochs- 
60, 0.892 with epochs-80 and 0.901 with epochs-100 when 
training data is considered as 90%.

4.5.2. Assessment based upon k-fold values
Figure 6 demonstrates the performance analysis of metrics by 
varying training data with diverse epochs. An assessment 
regarding accuracy is shown in Figure 6a). The value of accu
racy achieved by GSCA_DeepCNN is 0.834, 0.856, 0.876, 0.898, 
and 0.914 with epochs 20, 40, 60, 80, and 100 for the value of 
k-fold = 9. Figure 6b) reveals evaluation based on sensitivity. 
Sensitivity achieved by GSCA_DeepCNN is 0.825 with epochs- 
20, 0.854 with epochs-40, 0.878 with epochs-60, 0.895 with 
epochs-80 and 0.904 with epochs-100 when considering 
k-fold value = 90%. Figure 6c) implies analysis in terms of spe
cificity. The specificity obtained by GSCA_DeepCNN is 0.827, 
0.850, 0.875, 0.898, and 0.906 with epochs 20, 40, 60, 80, and 
100 for k-fold = 9.

4.6. Comparative techniques

The approaches compared with GSCA_DeepCNN are DL (Saini 
and Susan 2022), MVDRNet (Luo et al. 2021), 3D-CNN (Tufail 

Figure 5. Performance assessment based upon training data, a) Accuracy, b) Sensitivity, c) Specificity.
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et al. 2021), CapsNet (Kalyani et al. 2021), SVMGA (Gharaibeh 
et al. 2018), and SVM-MLC (Gharaibeh et al. 2021) to show the 
efficacy of the devised approach.

4.7. Comparative assessment

By altering training data percentages and k-fold values, the 
comparative assessment of GSCA_DeepCNN is done.

4.7.1. Assessment based upon training data
Figure 7 interprets the analysis of GSCA_DeepCNN regard
ing metrics by varying training data percentages. Figure 7a) 
explicates an estimation of GSCA_DeepCNN based on accu
racy. The value of accuracy gained by GSCA_DeepCNN is 
0.922 while DL, MVDRNet, 3D-CNN, CapsNet, SVMGA, and 
SVM-MLC obtained 0.829, 0.860, 0.875, 0.895, 0.895, and 
0.896. It indicated a performance improvement of 10.086%, 
6.724%, 5.097%, 2.928%, 2.928%, and 2.819% when compar
ing DL, MVDRNet, 3D-CNN, CapsNet, SVMGA, and SVM-MLC 
for training data = 90%. Evaluation of sensitivity is shown in 
Figure 7b). When training data is 90%, sensitivity value 
acquired by GSCA_DeepCNN is 0.925 whereas sensitivity 
obtained by DL is 0.829, MVDRNet is 0.858, 3D-CNN is 
0.880, CapsNet is 0.900, SVMGA is 0.900 and SVM-MLC is 
0.903 that exposed performance improvement of 10.378%, 

7.243%, 4.864%, 2.702%, 2.702%, and2.378%. Analysis of 
GSCA_DeepCNN considering specificity is demonstrated in 
Figure 7c). For training data = 90%, the specificity value 
acquired by GSCA_DeepCNN is 0.919 whereas values 
acquired by DL are 0.835, MVDRNet is 0.856, 3D-CNN is 
0.870, CapsNet is 0.895, SVMGA is 0.897, and SVM-MLC is 
0.899. This enhanced the performance of GSCA_DeepCNN 
about 9.140%, 6.855%, 5.331%, 2.611%, 2.393%, and 2.176%.

4.7.2. Assessment based upon the k-fold value
By altering k-fold values, the assessment of GSCA_DeepCNN is 
delineated in Figure 8. An evaluation based on accuracy is 
expounded in Figure 8a). When k-fold value = 9, the accuracy 
value obtained by GSCA_DeepCNN is 0.918 while accuracy 
obtained by DL is 0.825, MVDRNet is 0.851, 3D-CNN is 0.871, 
CapsNet is 0.892, SVMGA is 0.894, and SVM-MLC is 0.898 that 
proved performance improvement of 10.130%, 7.298%, 
5.119%, 2.832%, 2.614%, and 2.718%. Figure 8b) expounds 
evaluation of GSCA_DeepCNN considering sensitivity. The sen
sitivity value acquired by GSCA_DeepCNN is 0.918, whereas DL, 
MVDRNet, 3D-CNN, CapsNet, SVMGA, and SVM-MLC acquired 
0.836, 0.854, 0.874, 0.892,0.894, and 0.896, while a value of 
k-fold = 9. Thus, GSCA_DeepCNN showed performance 
improvement by 8.932%, 6.971%, 4.793%, 2.832%, 2.614%, 
and 2.396%. Figure 8c) specifies the analysis of 

Figure 6. Performance analysis based on k-fold value, (a) Accuracy, (b) Sensitivity, (c) Specificity.
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GSCA_DeepCNN based on specificity. The specificity value 
obtained by GSCA_DeepCNN is 0.914 whereas DL, MVDRNet, 
3D-CNN, CapsNet, SVMGA, and SVM-MLC obtained 0.839, 0.858, 
0.876, 0.896, 0.898 and 0.902. It signified a performance 
enhancement of 8.205%, 6.126%, 4.157%, 1.969%, 1.750%, 
and 1.312% when comparing DL, MVDRNet, 3D-CNN, 
CapsNet, SVMGA, and SVM-MLC for k-fold value = 9.

4.8. Segmentation analysis

By comparing K-Net (Zhang et al. 2021), DeepJoint (Mahesh 
and Renjit 2020), PSPNet (Zhao et al. 2017), and PSINet 
(Murugesan et al. 2019) with U-Net_GSCA to reveal the effi
ciency of the designed technique, segmentation evaluation is 
performed. Figure 9 shows the segmentation estimation of 
U-Net_GSCA by changing training data percentages. The 
segmentation accuracy value acquired by U-Net_GSCA is 
0.873 whereas K-Net, DeepJoint, PSPNet, and PSINet achieved 
segmentation accuracy of 0.706, 0.724, 0.745, and 0.783. 
Hence, performance enhancement of U-Net_GSCA when con
sidering K-Net, DeepJoint, PSPNet, and PSINet is 19.094%, 
17.066%, 14.662%, and 10.329% for 50% of training data. 
The segmentation accuracy attained by U-Net_GSCA is 

0.926 by using 90% of training data whereas segmentation 
accuracy acquired by K-Net is 0.838, DeepJoint is 0.860, 
PSPNet is 0.878 and PSINet is 0.898, which revealed the 
improvement of performance by 9.546%, 7.137%, 5.194%, 
and 3.018 %.

4.9. Segmentation analysis discussion

U-Net_GSCA acquired better segmentation outcomes that are 
explicated in Table 1. It is accepted that U-Net_GSCA achieved 
a maximum of segmentation accuracy of about 92.6% for the 
training data 90%.

4.10. Comparative discussion

For comparative discussion, 90% of training data and the k value 
of 9 is taken. The proposed GSCA_DeepCNN achieved the best 
results while comparing with existing DL, MVDRNet, 3D-CNN, 
CapsNet, SVMGA, and SVM-MLC techniques. Table 2 shows the 
values obtained by GSCA_DeepCNN and the existing methods. It 
reveals the achievement of GSCA_DeepCNN with maximum 
accuracy, sensitivity, and specificity of 92.2%, 92.5%, and 91.9%.

Figure 7. Comparative analysis based upon training data, (a) Accuracy, (b) Sensitivity, (c) Specificity.
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Figure 8. Comparative analysis based on training data, (a) Accuracy, (b) Sensitivity, (c) Specificity.

Figure 9. Segmentation analysis of U-Net_GSCA.

Table 1. Segmentation assessment discussion of U-Net_GSCA.

Analysis based upon Metrics/Methods K-Net DeepJoint PSPNet PSINet Proposed U-Net_GSCA

Training data=50% Segmentation accuracy 70.6% 72.4% 74.5% 78.3% 87.3%
Training data=90% Segmentation accuracy 83.8% 86.0% 87.8% 89.8% 92.6%
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5. Conclusion

DR is the usual eye complexity of diabetes as well as a reason 
for vision impairment and vision loss. Automatic and precise DR 
grading is of high importance for the timely and efficient treat
ment of fundus ailments. Present medical techniques remain 
a focus on potent time consumption and higher risk. In this 
work, U-Net_GSCA is employed for DR segmentation and 
GSCA_DeepCNN is employed for DR classification. First, pre- 
processing is carried. Then, image augmentation is carried out 
wherein augmentation techniques like colour spacing, bright
ness, and rotation are utilised for increasing the effectiveness of 
the feature extraction process. Afterward, lesion segmentation 
is performed with U-Net which is trained by GSCA. GSCA is 
formed by combining GOA and SCA. Thereafter, the segmenta
tion of the artery and vein is done by the sparking process. 
Finally, the classification of DR is conducted utilising Deep CNN, 
which is trained by GSCA. Furthermore, the proposed method 
U-Net_GSCA attained higher segmentation accuracy of 92.6% 
whereas GSCA_DeepCNN achieved higher accuracy, sensitivity, 
and specificity of 92.2%, 92.5%, and, 91.9% for 90% of training 
data. In the future, the outcomes from the network used are 
positive in terms of the established network structure. CNNs 
may one day be of great use to DR doctors as networks and 
datasets develop and they can offer real-time classifications. 
The development of networks and datasets in the future is 
helpful for DR physicians and they can offer real-time 
classification.
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Abstract

Motion artifacts occur in magnetic resonance imaging (MRI) due to the motion or

movement of the object being scanned. Motion artifacts can have various origins such as

voluntary or involuntary patient movement, faulty components, improper software

configuration, etc. Blurry MRI scans are generated due to the presence of motion artifacts. In

some cases motion artifact induced MRI scans can tamper with crucial information and

consequently leads to a faulty diagnosis. We attempt to provide a review of current suggested

technologies (such as, deep learning, and encoding) used to remove motion artifacts from
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Abstract

Context

Density functional theory (DFT) calculations are carried out on pure and doped rutile TiO .

The bandgap (E ) for pristine, S-doped, Fe-doped, and Fe/S co-doped materials is direct,

with values of 2.98 eV, 2.18 eV, 1.58 eV, and 1.40 eV. The effective mass of charge carriers

(m*) and ratio of effective masses of holes to effective masses of electrons (R) are also

investigated, and it is discovered that Fe/S co-doped materials have the lowest charge

carrier recombination rate. The Fe/S co-doped material has the highest .  of doped
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Abstract

The study utilizes the OLCAO-LBFGS-GGA-PBESol method to investigate the structural

properties of both doped and undoped brookite TiO . Electronic characteristics are explored

employing the OLCAO-LBFGS-MGGA-TB09+c approach. Detailed analyses of Density of

States (DOS) and Partial Density of States (PDOS) are conducted to understand band structures.

Both doped and undoped scenarios exhibit a direct bandgap. Moreover, doping induces a

reduction in the bandgap value, enhancing its potential for photovoltaic and photocatalytic

applications. The study also establishes a strong agreement between the derived lattice parameters

and bandgap for pure brookite TiO  and experimental lattice parameters and bandgap value.
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Abstract

There is a need for efficient methods to retrieve and obtain the visual data that a client need.

New methods for content-based image retrieval (CBIR) have emerged due to recent

developments in deep neural networks. However, there are still issues with deep neural

networks in interactive CBIR systems like the search goal needs to be preset, scrambling

and the computational cost is too high for an online environment. By this concern, this

manuscript proposes an effective interactive CBIR that accurately retrieves images in

response to the image query using variable compressed convolutional info neural networks
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Abstract

Patient motion causes image distortion during Magnetic Resonance Imaging (MRI) capture.

These distorted motion artifact induced MRI scans are difficult to read and sometimes lead

to a faulty diagnosis. The simplest solution to remove these artifacts in motion-blurred

scans is to re-scan the patient. But this method is costly, time-consuming, and cannot

guarantee a successful scan even after re-scanning the MRI, because the patient can still

move involuntarily. Hence, correction in the motion artifact induced images is an important

part of the medical imaging domain. Here we have modified a well-known conditional

Generative Adversarial Network called Pix2Pix for removing motion artifacts from MRI

scans. We have modified the structure of the original network and fine-tuned the
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Abstract: Fake news has a significant impact on society, making the detection of such misinformation crucial. It undermines trust in 

reliable information sources, distorts public opinions, and can even influence political outcomes. Detecting fake news is important to ensure 

that users receive accurate and authentic information, maintain a trustworthy news ecosystem, and prevent the spread of misinformation. 

Directly classifying a fake news to be fake on some parameters is not possible. Here, the news article will be evaluated on the main three 

parameters, first is Text Analytics which includes identifying the exaggerated or propagandistic statements or the type of speech is been 

used in the article like acceptable, non acceptable, offensive, etc. and also through summarization, we get the context about the article, 

second is user behaviour through twitter analytics guides to understand the user reaction towards the article on the real time basis and at 

last, through indexing the authentic source in the index of Large Language Model build using LlamaIndex. This methodology integrated 

with the whatsapp bot showcased the better result to identify the fake news and ensure the user that the news is authentic or not. 

Keywords: Fake news, Misinformation, Detection, Reliable information, Text analytics, Article summarization, User behaviour, Twitter 

analytics, Authentic sources, LlamaIndex, WhatsApp bot, Large Language Model (LLM) 

1. Introduction 

The spread of false news has become a serious issue in 

today's digital age and challenges the foundation of our 

information society. In the modern day of social media rapid 

communication, the spread of false or misleading 

information disguising it as trustworthy journalism has 

achieved unmatched popularity. Fake news is a powerful 

force that affects all facets of our life because it is so simple 

to generate false narratives and spread them to a large 

audience. The effects of fake news are severe and 

widespread, whether involve politically driven 

misinformation efforts, sensationalised health claims, or 

false financial news. In this situation, identifying such false 

information becomes more than simply a technical 

problem—it becomes a social need. 

 

The adverse effects of fake news are many and serious. First 

off, it undermines people's confidence in trustworthy 

information sources and makes them doubtful of 

mainstream media and reputable institutions. The 

foundation of an educated society is being undermined by 

this lack of trust, creating uncertainty and false information. 

Second, fake news has the ability to sway public opinion, 

stir up anxiety, and even have an impact on important 

decisions like political elections. The democratic process is 

seriously endangered by the use of disinformation to 

manipulate public opinion. Therefore, the capacity to 

recognize bogus news is crucial. It not only helps people 

make informed decisions, but it also protects the integrity of 

our information environment. In this paper, a 

comprehensive approach to resolve this urgent problem, 

encompassing text analytics, user behaviour analysis, and 

the incorporation of authentic sources, all with the goal of 

giving users the skills necessary to determine the reliability 

of news articles in an environment with an increasing 

amount of complex information. 

Fake news frequently has the objective of capturing 

attention, manipulating public sentiment, or advancing 

particular agendas.  Its results can be severe, including the 

spreading false information, the deterioration of trust in 

media outlets, the polarisation of society, and the potential 

to sway elections and public policies. Identifying fake news 

is a crucial undertaking that serves the dual purpose of 

providing users with genuine information and upholding the 

credibility of the news environment. Most current 

algorithms for detecting the fake news primarily based on 
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analysing the content itself, but this approach often proves 

ineffective due to the deliberate nature of fake news, which 

aims to deceive users by closely resembling genuine news. 

Hence, it becomes imperative to explore supplementary 

information that can enhance the detection process.  

Recognizing fake news does not just rely on the language 

itself. The three key parameters will be used to analyse the 

news article in the proposed solution. Text analytics will be 

the first parameter to be examined. Because text analytics 

makes it possible to extract and analyse different linguistic 

and contextual elements of the text existing in the article 

with the aid of Natural Language Processing, it is used on 

articles to identify false news. It assists in identifying 

linguistic clues that point to the veracity or dependability of 

the news piece, such as exaggerated, sensationalised, or 

emotionally charged language to capture attention, false 

information, biassed language, factual inaccuracies, etc. 

Most of the news are intentionally designed to tarnish 

someone's reputation or an organisation is referred to as 

propaganda. By utilising the Distil-RoBERTa-Propaganda-

2 classification, one can identify such news through 

exaggerated sentences and propaganda techniques. Also, 

Understanding the type of speech which has been used like 

Acceptable, Non Acceptable, Offensive, etc helps in 

identifying whether the news is targeted to someone or not. 

At the same time, evaluating the user behaviour on the 

article in the real time basis can help understanding the 

agenda and acceptability. 

Depending on the authentic source is also one of the 

parameters to verify the fakeness of the news. In this 

proposed work, the various authentic news sources are 

stored in the index which acts like an authentic database 

news storage but in a more semantic way. If a user queries 

about any news, then the llama Index model would evaluate 

it and provide more information with the authentic source 

link if the news is correct and if not then it will correct it and 

share the authentic source article links. 

The assessment of news authenticity extends far beyond 

linguistic analysis alone. In recognition of the dynamic 

nature of information dissemination in the digital age, a real-

time evaluation of news presence within the sprawling 

realm of social media is an essential component. By 

monitoring the trajectory of news stories across various 

social media platforms, the methodology gains insight into 

the virality, user engagement, and sentiment associated with 

a particular news piece. This information can be pivotal in 

assessing the potential impact and veracity of the news, as a 

high degree of sharing and engagement might suggest 

authenticity, while orchestrated amplification could point 

towards manipulation. 

The proposed approach considers the broader context within 

which news articles circulate. The credibility of the source, 

the consistency of the narrative with established facts, and 

cross-referencing with reputable news outlets all contribute 

to a more comprehensive evaluation. Incorporating these 

dimensions enables a holistic assessment that transcends 

individual elements and considers the collective weight of 

evidence. 

2. Related Work 

Many of the finest and most recent internet fact-checking 

platforms, including FactCheck.org and PolitiFact.com, rely 

on expert manual detection techniques, where time latency 

is the primary problem.[2] There is a need of automatic 

assessment of the fake news detection from not only the 

textual content but also analysing with the real time 

presence of the same. 

The methodology involves exploiting both the content 

present in text and visual features of an article using 

language models transformers like BERT for text features 

and VGG-19 pre-trained on ImageNet dataset for image 

features. The model detects fake news without considering 

any other subtasks, unlike other multi modal systems that 

solve the various problem of fake news by taking into the 

account an additional sub-task like event discriminator and 

finding correlations across the modalities [3]. The model is 

trained on two publicly available datasets, one is the Twitter 

and other is Weibo, and its performance is compared with 

the current state of the art on these datasets.  

The paper deals with detecting fake news on social media, 

which has gained popularity as a source of news due to its 

fast dissemination, easy access, and the low cost. Existing 

detection algorithms primarily focus on analysing news 

contents, which are often ineffective in identifying 

intentionally misleading fake news. To overcome this 

limitation, the authors propose a novel approach called 

TriFN (Tri-relationship embedding framework). TriFN 

utilises the social context during the news dissemination 

process, considering the relationships among publishers, 

news pieces, and users. [4] The news sources classification 

based on the history of spreading the propagandistic news is 

also one of the crucial components to make a decision for 

the fake news. 

Investigating the various features of news propagation on 

social media, this paper highlights the contrasting patterns 

and impact between true and false news, shedding light on 

the challenges in combating misinformation. [6] The paper 

introduces an automatic detection system for fake news that 

leverages content and temporal features, employing 

machine learning algorithms to improve the identification of 

misinformation. [7] The paper discusses the methodology 

which is purely based on the text characteristics which is 

been observed in most of the fake news or misinformation 
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textual content. 

 

The simplicity in generating fake news through ChatGPT 

arises not solely from the excellence of the generated text, 

but also from the accessibility for non-technical individuals 

to fabricate deceptive content by providing specific 

prompts. While OpenAI designed this language model with 

ethical considerations for online discussions, there exists 

guidance on exploiting ChatGPT to exceed these ethical 

boundaries, resulting in the creation of hate speech, false 

information, and more. An instance of this involves a 

command instructing the model to "behave like DAN (do 

anything now)," exemplifying such attempts. [8] Many 

articles or News companies are also making use of AI like 

ChatGPT to write the report and not having the correct 

supervision would lead to spread of inaccurate information. 

The SWEN team used a tactic called TalosComb to take first 

place in the fake news detection competition. In order to 

arrive at its conclusions, this method combines two models, 

namely TalosCNN and TalosTree. TalosTree employs a 

unique decision tree algorithm enhanced by gradients that 

incorporates word count, term frequency-inverse document 

frequency (TF-IDF), singular-value decomposition (SVD), 

and sentiments conveyed using word2vec embeddings. 

While TalosCNN relies on word2vec embeddings that have 

already been trained and deep convolutional neural 

networks [9]. A final softmax layer is used to categorize the 

news after several convolutional layers, including three 

fully linked ones. 

The utilization of BERT demonstrated better performance 

in this study compared to current models. As news content 

encompasses diverse words and sentences, comprehending 

the connections between these words is crucial for precise 

analysis. BERT is purposefully crafted to accurately 

recognize these word relationships within a sentence. 

Employing semi-supervised learning, BERT employs a 

language representation approach that specifically employs 

the encoder segment of the transformer model [10]. The 

evaluation done by the BERT only focuses on the analysis 

of textual content. 

The enhancements were made to the exBAKE model by 

incorporating pre-training inspired by a BERT model, 

which significantly improved the comprehension of article 

contents. The outcomes revealed that the model achieved 

optimal performance on the FNC-1 dataset, accurately 

identifying fake news by examining the connections 

between article headlines and their respective body texts. 

[11] No automated tools existed for real-time verification of 

news authenticity. The newly suggested model is poised to 

assist readers and fellow journalists in bypassing the manual 

effort of differentiating between real and fake news, 

streamlining the process effectively. 

Due to a number of related problems, spotting fake news on 

social media is a difficult task. First, there are issues with 

content, where fake news is frequently made to closely 

resemble true subject matter, making it challenging to tell 

the difference between the two. This false information can 

easily mislead users. Furthermore, the presence of 

automated social bots makes the spread of misleading 

information more widespread because many people 

inadvertently share it. Also, fake news can spread quickly 

before it can be successfully challenged due to the dynamic 

nature of online social networks (OSNs). Last but not least, 

the work is made more difficult by the lack of a consistent 

benchmark dataset for detecting false news. This prevents 

the development and testing of effective detection methods 

[13]. The effectiveness of false news detection techniques is 

significantly impacted by these complex problems. 

It has proven to be very difficult to identify fake news. For 

accurate detection, relying solely on one type of data or 

feature is insufficient [15]. The propagation of 

misinformation and fake news has exploded as our 

information environment has become more sophisticated. 

Because of this, it is essential to take a holistic approach to 

the problem. Recent research efforts have adopted a broader 

strategy in response to this problem. News articles now take 

into account the social environment in which they originated 

instead of just their substance. This shift in viewpoint 

acknowledges that false information does not exist in an 

isolated environment; rather, it grows within the social 

networks and information-sharing ecosystems that surround 

it. Therefore, it is believed that combining both news 

content-based and social context-based approaches is a 

promising direction for the fight against fake news. 

To improve their capacity for accurate prediction, many 

researchers in this field turn to the strength of Artificial 

Intelligence tools including and Natural Language 

Processing models. On the other hand, some choose for 

different methods like blockchain, crowdsourcing, and fact-

checking [16]. The goal of people working in this field of 

AI and ML is to extract crucial information from news 

stories. They do this to more thoroughly examine the 

content and more successfully train their algorithms. 

Consider these extracted features to be the important pieces 

of data that are necessary for the study. To increase the 

precision of false news detection, feature extraction is like 

picking out the most important parts of a puzzle. 

Comparable to putting together a jigsaw puzzle, it's like 

locating the proper pieces to make the picture obvious. This 

method enhances the performance of recognizing fake news 

and makes the data easier to manage. 

Researchers chose the top 100 most promising articles and 

their titles in order to assess the credibility of news items 
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produced by GPT-2. These chosen articles were put to the 

test with a program called Fakebox, which claims a 95% 

accuracy rate. Fakebox examines every aspect of the news 

stories in order to conduct a thorough evaluation. First, it 

evaluates the title or headline of the story to see if it is 

accurate, biased, or maybe clickbait meant to grab attention. 

Second, Fakebox analyzes the text by comparing it with the 

normal writing style used in reliable news items [17]. 

Finally, it confirms the source by examining whether the 

piece comes from websites that have been previously 

reported for carrying satirical or false content.  

This literature review has highlighted many studies and 

methodologies in the topic of detecting fake news, 

highlighting the  

significance of fusing content based and social context-

based methodologies. Researchers are constantly 

investigating a variety of tactics to stop the spread of 

misleading information, from manual fact-checking to 

innovative algorithms like BERT and novel approaches like 

TriFN. It is clear that the fight against false news calls for 

ongoing innovation, cross-disciplinary cooperation, and a 

comprehensive grasp of the dynamic changes taking place 

in our digital information environment. To keep ahead of 

individuals who want to use information for misleading 

reasons, it is essential to adapt and improve detection 

techniques as technology advances. The proposed study 

uses a holistic strategy to provide readers with the abilities 

they need to discriminate between trustworthy and false 

news pieces. The holistic approach is taken to take a 

judgment on whether to believe on the news seen or not. 

Also, the direct communication made with authentic and 

reliable sources which can understand the human context 

with the help of the Generative AI approach with the 

working architecture of the LlamaIndex Framework and 

Large Language Model gives the new edge of checking and 

evaluating the news. 

3. Proposed Work 

The methodological focus in this article derives from the 

urgent need to prevent the massive spread of misleading 

information in the modern digital world, where fake news 

seriously compromises the reliability of societal knowledge. 

This widespread transmission of false or manufactured 

material, which is frequently presented as trustworthy 

journalism, not only undermines public confidence in 

reliable information sources but also has a significant 

impact on public opinion, possibly influencing important 

choices like elections. The majority of current methods for 

spotting fake news rely on content analysis, but they 

usuallyfall short due to the cunning and sophisticated 

strategies used by those who propagate untruths. In this age 

of ubiquitous information, where fabricated stories and 

misrepresented images may spread quickly through digital 

means, Our methodological work seeks to strengthen 

society's defenses against false information by using a 

multifaceted strategy that goes beyond conventional 

linguistic analysis, including text analytics, user behavior 

analysis, and authentic source indexing. By providing 

people with these skills, we hope to protect the credibility of 

our information ecosystem in an era where complex 

information dissemination is the standard. 

The foundation for this work is text analysis, which 

examines written material for linguistic hints and problems. 

On the other hand, LlamaIndex uses a quantitative scoring 

system to systematically assess the reliability of information 

sources. Twitter Analytics, meantime, focuses on how 

social media contributes to the spread of information by 

analyzing user behavior and content virality. These methods 

combine to give users a comprehensive framework for 

evaluating information, giving them the ability to make wise 

judgments and strengthening the integrity of our 

information ecosystem in the face of the complexity of the 

information environment of today. 

 

 

 

Fig. 1.  Overview on the proposed work section - Text 

Analytics, LlamaIndex and Twitter Analytics 

3.1. Text Analytics 

Text Analytics deals with the analysis of the text data. It can 

be used to extract information from text, identify patterns, 

and make predictions. Text analytics has been used for a 

variety of tasks, including sentiment analysis, hateful 

speech, understanding exaggerated or propagandistic 

statements, etc. 

Text analytics provides a flexible toolbox for the 

identification of false news using a number of efficient 

techniques. Finding linguistic characteristics that are 

commonly connected to false news stories is one important 

tactic. These false tales frequently use sensationalized 

language when creating headlines and content with the 

intention of shocking or eliciting strong emotions in readers. 

Furthermore, they regularly make extravagant and 

unsupported claims, exaggerating incidents or 

misrepresenting facts to give the impression that they are 

newsworthy.  Fake news frequently uses ambiguous 
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references or is completely made up, lacking reliable 

sources. In order to identify these specific language traits 

that are suggestive of possible disinformation, text analytics 

is necessary in sorting through enormous amounts of textual 

data.  

In the realm of text analytics, the identification of 

propaganda and exaggerated sentences in articles has gained 

significant attention due to its potential impact on shaping 

public opinion and disseminating misinformation. It is been 

observed in most of the news containing the fake news 

contains the inappropriate words and manipulated sentence. 

To address this challenge, advanced techniques like the 

Distil RoBERTa Propaganda 2-class model have been 

developed and employed. 

 

Fig. 2.  Working Architecture of Text Analytics - Hate 

Speech Detection, Propaganda Classification and 

Summarization 

The Distil RoBERTa Propaganda 2-class model is a 

transformer based model that has been specifically designed 

to identify instances of propaganda or exaggerated 

sentences within textual content. This model has undergone 

training on a diverse dataset containing various forms of 

propaganda from different sources. The dataset used for 

training is known as the QCRI (Qatar Computing Research 

Institute) propaganda dataset, which consists of articles 

labeled with different propaganda classes. 

In the context of the Distil RoBERTa model, these 

propaganda classes have been combined into a single class 

called 'prop'. This consolidation simplifies the task of 

identifying propaganda instances by focusing on a binary 

classification - content either contains 

propaganda/exaggeration (prop) or it does not. This 

approach streamlines the model's learning process and 

enhances its ability to generalize to new and unseen 

instances of propaganda. The model's performance is 

evaluated using the various metrics, lower loss value 

(0.5087) means better alignment with actual labels. The 

accuracy score (0.7424) shows the proportion of correct 

classifications out of all instances. 

Text analytics, particularly through the utilisation of 

transformer models, offers a range of powerful applications. 

One such application is text summarization, which greatly 

aids in saving time and effort by providing concise 

summaries of lengthy articles. The one more parameter in 

the text analytics is using word cloud to understand which 

words are targeted the most and emphasised in the article. 

This technique serves as an insightful tool for 

comprehending the focal points of an article by visually 

highlighting the most frequently targeted and emphasized 

words. This is achieved through the utilization of libraries 

like matplotlib.pyplot, which facilitates the creation of 

visually appealing word clouds from preprocessed text. 

A significant portion of fabricated news articles frequently 

direct their focus towards individuals or organizations, often 

resulting in the inclusion of objectionable language, 

offensive material, or even defamatory content. This 

predicament underscores the need for effective 

countermeasures, and one such approach involves the 

utilization of a transformer model known as 

"hate_speech_en." This model serves the crucial purpose of 

accurately identifying and categorizing such problematic 

content. 

The "hate_speech_en'' model proves to be a powerful tool in 

combatting this issue. It has been trained extensively on a 

diverse dataset encompassing a substantial 103,190 

comments from the YouTube platform. Subsequently, this 

model's proficiency was assessed through rigorous testing 

on an independent set of 20,554 YouTube comments. Its 

architectural foundation stems from the English BERT base 

pre-trained language model, which serves as a robust base 

for fine-tuning and specializing the model for hate speech 

detection. 

At the core of this model's functionality lies a sophisticated 

classification system. This system is designed to categorize 

each input text into one of four distinctive classes, which 

serve as gradations of the content's offensiveness and harm 

potential. These categories encompass the following 

classifications - acceptable, inappropriate, offensive, or 

violent. The other techniques are also implied other than text 

analytics to analyze and result the accurate detection of the 

news. This all parameters applied on the text of the news 

article helps to understand whether the news is reliable or 

not by understanding the contextual cues.  

3.2. LlamaIndex Approach – Generative AI Framework 

Large language models (LLMs) are trained on massive 

datasets of text present on the web or the proprietary data 

and code. This enables them to produce content that is 

comparable to the text they were trained on and learn the 



 

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(4s), 343–354 |  348 

statistical correlations between words and sentences. LLMs 

have been employed for a number of purposes, such as 

question answering, text summarization, and machine 

translation. They can also be effective in detecting fake 

news. The generative AI approach for identifying fake news 

involves leveraging advanced machine learning techniques, 

specifically language models, to detect and classify 

misleading or false information. The LLM model is trained 

on a vast amount of textual data and learns the patterns and 

structures of language. 

 

Fig. 3.  Working Overview of Large Language Model with 

LlamaIndex Framework 

Using the LlamaIndex, which stores authentic news sources 

in its index, the generative AI approach compares the 

content shared by a user with the stored authentic news 

sources. The LLM model analyses the textual data and 

generates the correct news if the content shared by the user 

is incorrect. 

It compares the news shared by a user with trustworthy 

sources stored in the LlamaIndex. Instead of just looking for 

specific words or checking facts, the AI model understands 

the whole news shared and checks it from the semantic 

index where the authentic news sources data are listed on a 

real time basis.  It pays attention to the way the words are 

used and the overall meaning of the news. This helps it make 

better judgments about whether the news is real or fake. It's 

like having a super smart language expert who can tell if 

something sounds fishy or not. By using a lot of data and 

advanced language understanding, the AI model can give a 

more reliable and accurate assessment of fake news. 

Fig. 4.  Working Architecture of the LlamaIndex with the 

Twitter Loader and the Knowledge Base for the authentic 

and reliable news for the conversational AI 

The vectorstore stores the documents in the form of a list of 

vectors and makes it easy for LLMs to access it. Indexlist 

stores the documents as a list of indexes where each index 

points to documents on twitter. It makes the model easier to 

query particular users or topics/hashtags. 

The llama index provides a vector store list index to query 

the twitter data and generate answers to complex queries. In 

our scenario we built a chatbot that can answer user queries 

related to indian latest news and give facts about it.  

3.3. Twitter Analytics 

In the dynamic landscape of social media, Twitter analysis 

emerges as a pivotal tool for unraveling the presence and 

reception of news articles within the digital sphere. This 

analytical approach not only provides insights into the 

existence of news content in the social media landscape but 

also delves into the intricate tapestry of user reactions. By 

scrutinizing user sentiments through the lens of the quotes 

they share alongside news articles, an understanding of user 

behavior and their responses to news narratives comes into 

focus. 

The tweets in the twitter which contains that news article url 

data is scraped with the help of snscrape. Then the particular 

text section is taken for all the users. For applying the 

sentiment analysis, the Vader Algorithm has been used on 

all the texts which are present with the articles link. 

The various methodologies which are implied are Sentiment 

analysis, which offers insights into what people think, 

engagement measurement, which measures user interest and 

involvement through metrics like retweets, likes, and 

hashtags, and the identification of automated bots, which 

aids in differentiating genuine user contributions from spam 

or automated content, are three crucial processes that make 

up this preprocessing. These preprocessing stages are 

crucial for guaranteeing the accuracy and dependability of 

the ensuing analysis. 

The total reaction recorded for the article link presence on 

social media helps us to understand the popularity and the 

widespread of that article. The various parameters that we 

extract and present in the sum up form are Total Tweets, 

Total Likes, Total Retweets, and Hashtags. It provides a 

comprehensive understanding about the reaction. 

When these factors are aggregated, they provide an in-depth 

understanding of how the article came across and how it 

affected social media. It also helps to understand the 

viewpoints of the larger audience and the impact of the news 

article. This proposed work would assist researchers, 

marketers, and organizations in assessing the popularity, 

resonance, and public opinion surrounding the news 

content, enabling well-informed choices and specialized 

engagement. In essence, social media data preprocessing is 
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a crucial stage in utilizing social media analytics to gain 

insightful knowledge and useful intelligence to understand 

the reliability of the news and provide the power to the user 

to make the uniform decision. 

 

Fig. 5.  Working Architecture of Twitter Analytics and the 

working of features 

To spread fake news many organisations take help from the 

bot on social media. In the proposed work, the parameter 

condition to identify the twitter accounts having the unusual 

behaviour is identified if any tweet containing the article url 

is retweeted more than 6 times under 20 seconds. It analyses 

it and provides the twitter username behaving as a bot. The 

data is first scrapped with the help of 

“snstwitter.TwitterSearchScraper(url).get_items()” and 

then the two parameters are used - tweet.user.username and 

tweet.date. Then the condition of time and no. of tweets are 

implied. 

4. Result and Discussion 

The implementation of proposed work has shown good 

results in addressing the challenges faced by fake 

information or fake news articles. The real time Twitter 

integration and Llama index provide users with latest news 

information and help them stay informed about the latest 

trends. The sentiment analysis feature has proven effective 

in measuring the sentiment, offering users a view of the 

presented information. The text analytics module enables 

users to understand the content of articles in an analytical 

way, including summarization and identifying frequently 

used words through word clouds. 

The social media presence and real-time Twitter analytics 

features have provided users with an understanding of how 

news articles are being shared and discussed on social media 

platforms among the users in the real time environment to 

understand the trend and behaviour of other users for that 

particular article. The sentiment of the user on the article 

containing the fake news can be used for the detection as 

one of the parameters. The associated hashtags and user 

account showing unusual behaviour sharing the content 

offer insights into the reach and impact of the information. 

The various API and the model created is integrated with the 

whatsapp bot for the ease of interaction. 

 

Fig. 6.  Results from Whatsapp bot on evaluating the fake 

news 
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In result 4.1, When the user shares any link of the article 

then it evaluates the overall article and provides the result 

by evaluating on various parameters. It takes all the content 

present in the article and provides the summarization of the 

article, and also the most no. of words used in the word 

cloud. In twitter analysis we observed that overall 12 tweets 

were made and total likes. Also the bot activity was detected 

and identifies the twitter account having the bot behaviour. 

Table 1. Result from Whatsapp bot on sharing the 

suspected article link - Functionality of Twitter Analytics 

and Text Analytics 

Send

er 

Message 

User https://blogs.jayeshvp24.dev/dive-into-

web-design 

Bot Summarization of linked article                                                                                                              

Web designing (the HTML & CSS part, 

not the Figma Part) can be a real pain if we 

don't understand the design system/rules/ 

procedure it uses. By reading this blog, I 

hope you can get the confidence and create 

the Mental Model of Web Design in your 

Brain. 

                                                                                                          

Twitter Analysis  :                                                                                                                                          

Total Tweets: 

12,                                                                                                                                                         

Total ReTweets: 

6,                                                                                                                                       

Total Likes: 

10,                                                                                                                                                                                            

Hashtags: NA 

Bot User Activity on this Article :   

  Bot Activity Detected 

Bot User displaying bot behaviour:                                                                                                          

I_am_prathik, JayeshVP24, 

Roshanpatil137, Hrishik55709731 

 

 

 

 

Fig. 7.  Results of twitter analytics and bot activity 

The fig. 4.2 shows the twitter analysis by using snscraper 

and fetching all relevant details. Then the user activity is 

detected by verifying the twitter params and timeline of 

tweet activity. The hyperactive users are flagged by a simple 

filter algorithm that marks inhuman activities. Finally, the 

word cloud displays the top keywords involved around the 

topic to give users a jist of the article, news item or message. 

 

Fig. 8. Result of Llama Index after sending the fake news 

One notable aspect of proposed work is its generative AI 

approach for identifying fake news. By leveraging the 

LamaIndex, the platform assesses the authenticity and 

reliability of shared news by comparing it with trustworthy 

sources of news on the real time basis present in the 

GPTListIndex. This approach, which goes beyond simple 

keyword matching or fact checking, provides a more 

comprehensive and accurate assessment of fake news. The 

vector databases play a crucial role in resolving complex 

queries by providing optimal content retrieval. These vector 

databases are used to store and retrieve high dimensional 

data. The vector representations generated by the GPT 

models are well stored in the GPTVectorIndexList. The data 

sources are built by querying globally through 5 twitter 

accounts of big new channels. These are then processed by 

the GPT model of llama index and stored inside 

GPTVectorIndexList. The results are accurate under the 

https://blogs.jayeshvp24.dev/dive-into-web-design
https://blogs.jayeshvp24.dev/dive-into-web-design
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latest circumstances. But as data grows the need for multiple 

integration might arise. 

Table 2. Result of generated by Llama Index by querying 

about news 

Sender Message 

User recent news about modi 

Bot Recent news about Prime Minister 

Narendra Modi is that he has 

commended the teams of railways, 

NDRF, ODRAF, local authorities, 

police, fire service, volunteers and 

others who are working tirelessly on 

the ground to strengthen the rescue 

operations in Balasore, Odisha after 

a train accident. 

User tell me something about odisha 

accident 

Bot The accident in Odisha was a train 

accident that occurred in Balasore 

on Saturday evening. It resulted in 

the death of at least 20 people and 

more than 1,000 people were 

injured. The cause of the accident 

has been identified and the Prime 

Minister of India visited the site to 

inspect the situation. Union Health 

Minister Mansukh Mandaviya has 

also visited ... 

Our system is designed to respond to user queries regarding 

news or updates, providing relevant and reliable outputs. 

Here is another instance in which an improper news story 

was created based on Adani. In table 4.3, we conducted an 

analysis of fake news content related to Anil Ambani, a 

prominent figure in the business world. The content shared 

by the user contains that - It was found to be among the top 

10 most shared news globally and claimed that Anil Ambani 

was the sixth richest person. Using our proposed 

technology, it evaluates the authenticity of this news and 

determines that the information provided was not true. Also,  

Ensured that accurate and verified information was 

presented to the user, enabling them to make informed 

decisions. 

Table 3. Result from Whatsapp bot on sharing the 

suspected article link – Adani Group Market 

Sende

r 

Message 

User https://timesofindia.indiatimes.com/bus

iness/india-business/gautam-adani-

groups-market-losses-hit-100-billion-

as-stocks-sink-after-botched-share-

sale/articleshow/97543722.cms?from=

mdr 

Bot Summarization of linked article                                                                                                               

Adani Enterprises shares plunged by 

nearly 23% on Thursday, trading at its 

lowest since March 2022.Adani 

Enterprises - described as an incubator 

of Adani’s businesses - has lost $ 24 

billion in market capitalization. Since 

Hindenburg’s report on Jan. 24, group 

companies have lost nearly half their 

combined market value. 

                                                                                                              

Twitter 

Analysis                                                                                                                                           

Total Tweets: 

12,                                                                                                                                                         

Total ReTweets: 3,                                                                                                                                       

Total Likes: 

5,                                                                                                                                                                                            

Hashtags: 

#indiastandswithAdani   #Adani 

#AdaniSharesFall   #india 

#ADANEIENT   #stocks   #NewsIndia 

#AdaniGroup 

Bot User Activity on this Article   

  Bot Activity Not Detected 

Bot User displaying bot behaviour:                                                                                                           

https://timesofindia.indiatimes.com/business/india-business/gautam-adani-groups-market-losses-hit-100-billion-as-stocks-sink-after-botched-share-sale/articleshow/97543722.cms?from=mdr
https://timesofindia.indiatimes.com/business/india-business/gautam-adani-groups-market-losses-hit-100-billion-as-stocks-sink-after-botched-share-sale/articleshow/97543722.cms?from=mdr
https://timesofindia.indiatimes.com/business/india-business/gautam-adani-groups-market-losses-hit-100-billion-as-stocks-sink-after-botched-share-sale/articleshow/97543722.cms?from=mdr
https://timesofindia.indiatimes.com/business/india-business/gautam-adani-groups-market-losses-hit-100-billion-as-stocks-sink-after-botched-share-sale/articleshow/97543722.cms?from=mdr
https://timesofindia.indiatimes.com/business/india-business/gautam-adani-groups-market-losses-hit-100-billion-as-stocks-sink-after-botched-share-sale/articleshow/97543722.cms?from=mdr
https://timesofindia.indiatimes.com/business/india-business/gautam-adani-groups-market-losses-hit-100-billion-as-stocks-sink-after-botched-share-sale/articleshow/97543722.cms?from=mdr
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In Table 4.3, A crucial method for gaining deep insights into 

the public's views and conversation surrounding a 

significant event is Twitter analysis, as demonstrated by the 

Adani port incident. It offers a way to categorize and 

quantify user sentiment on Twitter, assess engagement 

levels, find trending subjects using hashtags, examine user 

behavior and answers, and discover different points of view 

in the world of social media. This information can assist in 

decision making, guide crisis management methods, and 

support groups and people in staying current with shifting 

public opinion in real-time. Stakeholders can more clearly 

determine whether or not to believe the news. 

 

Fig. 9. Propaganda classification of adani port article 

The propaganda classification provides an overview of the 

proportion of propaganda supported by the news article. 

Hence, helps the user to understand the sentiment of the 

article and whether it is politically biased or not. From Table 

4.4, The proportion of Yes is 38% which showcases there 

are manipulated points mentioned in the paper a little. 

Table 4. Result of Propaganda Classification on Adani 

Port article 

 

Fig. 10. Twitter sentiment analysis of Adani Port article 

This segment showcases the sentiments of twitter users over 

a news article of the Adani port incident and here the vast 

majority is negative which signifies the user resentment 

over the incident. From Table 4.6, We get to understand the 

viewpoints in the real world realm is more negative as 

compared to the positive. 

 

 

 

Table 5. Result of Tweet Sentiment Analysis of Adani 

Port article 

Positive Negative Neutral 

2 6 1 

5. Conclusion 

The proposed work provides an in depth structure designed 

to solve the critical issue of false information and 

misleading news in the digital era. The platform's 

comprehensive capabilities, such as sentiment analysis, text 

analytics, propaganda identification, hate speech detection, 

and monitoring of bot activity, show how good it is at 

analysing articles and spotting fake sources. The platform's 

capabilities are further enhanced by the incorporation of 

real-time Twitter analytics, social media presence, and 

related metadata, which gives users insightful information 

about the popularity and influence of news content. An 

effective technique for determining the accuracy and 

reliability of shared news is provided by the generative AI 

approach for recognising false news, which uses the 

LamaIndex as a trustworthy source.  

The proposed work primarily focuses on English language 

content. Extending language support to other prominent 

Indian languages will broaden the platform's reach and 

impact.Also, Combining multimedia analysis capabilities, 

such as picture and video analysis, would improve the 

platform's capacity to detect and combat false information 

because fake news may spread through a variety of 

media.One more parameter which can be considered for the 

future work is involvement of the user to identify the fake 

news. A user feedback system will enable the platform to be 

continuously learned from and improved. User feedback 

and reported cases of inaccurate information might provide 

useful information for refining the algorithms and boosting 

the platform's efficiency. Future advancements and research 

in the areas of language support, multimedia analysis, user 

feedback integration, and  collaboration, will further 

strengthen the platform's capabilities. 
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Abstract: Privacy Preserving Data Mining techniques broadly fall under the categories of randomization and value distortion. 

Randomization replaces the existing value with a non existing value whereas value distortion modifies each value in the database. Data 

perturbation is widely used randomization technique that promises both valid data mining result and secured privacy. Existing research 

works were conducted with additive and multiplicative forms of data perturbation. Privacy is measured with the increasing level of error 

rate based on different types of attacks. Attacks in data perturbation are normally noise filtering methods which are based on linear and 

nonlinear filtering schemes. Linear filtering process produces the output data which will be in linear combination of the input values. The 

perturbed copies in additive and multiplicative data perturbation is generated with Laplace noiseWhen the input data is in linear 

distribution and is subjected to perturbation, linear filtering schemes are used to reconstruct the data and analyze the privacy measure. In 

nonlinear filtering schemes, the output of the filtering process will not be in linear distribution. This means that for a non linear data 

distribution, linear noise filtering schemes cannot be used for accurate analysis. Attacks considered so far are based on only linear 

filtering schemes. The perturbed models are evaluated with both privacy and utility of data mining. The work describes both linear and 

non linear type of attacks over the generated perturbed data. Attacks for additive data perturbation include Maximum A Posteriori (MAP) 

and Principal Component Analysis (PCA) based filtering method. 

Keywords: Privacy Preserving, Data Mining, Data perturbation, Maximum A Posteriori, Principal Component Analysis (PCA) 

1. Introduction 

Sophisticated and powerful technologies today are likely 

to collect data from different applications and create a 

massive data repository. Confronted with the massive 

collection of data, the need for better managerial choices 

arose in the form of data summarization, extracting the 

fundamental nature of the information stored and the 

innovation of new patterns from the raw data. Data 

mining emerged as a powerful new technology for 

extracting hidden information from large amount of 

data[1][2]. The process is also referred as knowledge 

discovery and it helps to analyze data from different 

perspectives. Various data mining tools are used to 

predict the future behavior and trends of the data that 

helps business people to enhance their decisions 

accordingly. Technically, Data Mining is defined as the 

process of discovering information from large amount of 

data. In other words, it can be said that data mining is the 

method of mining knowledge from the archived 

collection of data[3]. 

The process in knowledge discovery includes the 

following steps.  

• Data Preprocessing includes Data cleaning, Data 

integration and data transformation. 

• Data cleaning involves the removal of noise and 

inconsistent data from the data warehouse. • Data 

integration combines data from different data sources 

and finally data transformation selects the attributes and 

transforms into different forms appropriate for data 

mining.  

• Data Mining applies intelligent methods in order to 

extract patterns from the data. 

• Pattern Discovery is used to discover new patterns. 

• Knowledge Presentation displays the knowledge 

inferred from the pattern 
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Sensitive Data In Data Mining 

Identifying new patterns from the historical collection of 

data is a trendy probing technique in data mining. 

Nevertheless, if the data values are sensitive then 

discharging information about noteworthy patterns or 

trends will lead to significant risk to privacy. For 

example, if data mining is performed on patient health 

records or customers purchase records in a super market; 

sensitive data may include patients‟ personal details 

about diseases and the customers‟ personal details 

respectively. Sensitive data disclosure susceptibility is 

one of the major decisive security threats that can result 

in negotiating the security of data mining applications[4-

7]. It happens when the sensitive data is disclosed to 

unauthorized data miners and such unauthorized access 

may lead to severe information security and data privacy 

violations. It thus raises the need to identify methods that 

focuses on how to precisely learn and discharge the 

noteworthy patterns in a data set that contains sensitive 

information, while providing meticulous assurance to 

privacy of the persons whose information is collected 

and stored.[8-10] 

2. Need for Privacy Preservation 

Individual‟s privacy is always a common thought and a 

concept which is always dealt with when handling data 

for enterprise decision making. With the enhancement of 

computer technologies and wide usage of web 

applications, privacy threats pose different technical 

challenges in today‟s information era. Privacy is defined 

as the users right to preserve and obscure their personal 

information and have controlled private information 

disclosure. Various data mining techniques are used to 

extract constructive patterns from vast collection of data. 

It supports domains like medical diagnosis, national 

security, marketing, weather forecasting etc.,[11] Though 

advantageous in various domains, it is still a challenging 

issue when users privacy is breached. For example, 

medical diagnosis involves patient‟s health records to be 

mined for successful patterns. This may include mining 

of patient‟s private information also. When the need for 

successful patterns from the data owners increases, same 

happens with the privacy threat level of the users. 

Marketable issues are also allied with the privacy 

concern. Many organizations collect customer‟s data for 

specific purposes. When different departments of the 

organization share the data, it should be ensured that 

private sensitive data is not despoiled. In such scenarios, 

need to enhance data mining algorithms to include 

privacy preservation emerged. Hence, many researches 

are committed to tackle the privacy preservation in data 

mining. Various techniques are proposed to hide private 

information either by removing the reserved data or by 

adding noise. The need for privacy preservation can be 

summarized as follows.[12]  

• Discovering useful patterns from the sensitive data.  

• Use of single and multiple databases to extract 

information about individuals.  

• Posing open ended queries to find relationships about 

individuals and groups of individuals. 

• Inferring associations between records to retrieve 

sensitive information  

• Non-Predictive aspect of information about individuals 

during data mining.  

• Private and public nature of information gained from 

data mining  

• The potential to create new clusters based on generated 

patterns. The risks to privacy posed by data mining 

include, but are not limited to, the following: illegal 

access to personal data, the revelation of uncomfortable 

information, the use of personal data for purposes other 

than those for which it was originally obtained, etc[13]. 

Companies nowadays often choose to keep any data 

found from the actions of their consumers, thanks to the 

prevalence of technology and the ease with which gear 

can be acquired. As a result, there's rising anxiety that 

data collectors would use the information they unearth to 

spy on their customers.[14] 

Privacy Preserving Data Mining 

A branch of data mining termed "Privacy Preserving 

Data Mining (PPDM)" has arisen to solve the aforesaid 

difficulties. In recent years, it has grown in many 

different ways. The primary goal of PPDM is to prevent 

confidential data from falling into the wrong hands. In 

recent years, PPDM has emerged as a promising new 

area of study for data scientists. The effectiveness and 

security of data mining methods are examined. PPDM is 

thus being considered for a dual purpose.[15][16] The 

first is to prevent users' private information from falling 

into the wrong hands, and the second is to mine useful 

information from secure databases. In a word, the goal is 

to get valid data mining findings without gaining access 

to sensitive information. Figure 1 depicts the 

organizational framework for data mining that protects 

individual privacy.[17] 
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Fig 1 Block diagram of PPDM 

PPDM techniques mainly involve two major methods  

• Data Perturbation methods that mask the data so that 

sensitive data is not revealed  

• Cryptographic methods that use some key values to 

encrypt the sensitive data. Generally there are two 

fundamental problems in PPDM: collection of privacy 

preserved data and mining the sensitive data across 

several private platforms.[3][18] The main goal of 

PPDM algorithms is to retrieve valid information from 

data warehouse at the same time preserving the private 

sensitive data. There are many PPDM methods 

developed in recent years, nevertheless there is no 

standardized approach to achieve privacy and utility. For 

getting valid results efficiently, the following dimensions 

of subjects need to be considered.[4] 

• How the data is distributed against the enterprise?  

• How do PPDM methods work?  

• Mining methodologies and Privacy preservation 

methods The largest part of the enterprises is in need of 

secure data transmission and security preservation when 

the data is stored in the data warehouse. Normally PPDM 

techniques add values to traditional data mining 

methodologies by working with hidden sensitive data. 

The issue faced here is how to do achieve better data 

mining result from the distorted data. The target of a 

PPDM algorithm is 

• To prevent the identification of sensitive data  

• To apply the algorithm to huge collection of data  

• To have less exponential computational complexity 

To secure the sensitive information during data mining, 

various techniques have been proposed. Value distortion 

and randomization are the two basic approaches towards 

privacy preservation. Randomization method replaces 

the existing item with non existing item whereas 

distortion changes every item in a transaction. Data 

perturbation is also a common approach to preserve the 

sensitive data. This method perturbs the sensitive data 

before it is released for data mining.[5][6] The main 

advantage of perturbation based method is that it 

preserves the statistical properties of the data and thus 

the data mining results will be accurate. The drawback is 

that there is no proper framework for measuring the 

privacy. However, recent perturbation techniques try to 

measure the amount of that is guaranteed. Another limb 

of PPDM uses cryptographic methods for preventing 

leakage of sensitive information during data 

mining.[7][16] It proves perfect for two main reasons: 

one is, it offers a well defined privacy preserving model 

and the other is, there are various tools of cryptographic 

algorithms for implementing privacy preservation. 

Nevertheless, it has also been proved that cryptographic 

methods do not maintain the utility for data mining 

models. Though it is helpful in preventing privacy leaks, 

it falls short of providing a better data mining model. 

Anonymization techniques also have received a lot of 

attention to privacy preservation process. The data here 

is segregated into public and private columns. Public 

data is made available to all users of the data table 

whereas private columns are not released in external 

tables. The privacy measure is that an attacker may not 

be able to relate private data not more than k individuals. 

It is made possible by providing every combination of 

public columns with the private columns in at least k 

rows. K-anonymity model enforces privacy in context of 

releasing public data[8]. Data owner ensures that 

attackers will not be able to link the data which is gained 

from the database to individual’s sensitive data from 
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whom the data is collected. Differential privacy has also 

gained popularity in privacy preserving data models. It 

necessitates that any process to the database should be 

insensitive to the changes applied in any individual’s 

record. Privacy is guaranteed with aggregate composition 

of all the individual private records. This method has 

many advantages over previous methods. It relies on 

mathematical definition to privacy and hence it becomes 

easy to prove whether a technique is conventional to 

differential privacy and to figure out calculations that can 

or cannot be made in this skeleton. Differential privacy 

does not depend on attacker’s background knowledge. 

This independence makes data owners to share the data 

without any concern about past and future releases. It 

also guarantees the privacy when there is joint 

reconstruction of two independent differentially private 

data[10] 

Distributed Privacy Preservation 

In a decentralized setting, people may seek to pool their 

individual copies of altered data in order to get 

meaningful aggregate findings. The primary goal of 

distributed privacy preservation is to reach consensus on 

the working out of cumulative information across all data 

without disclosing any sensitive details. Entities in a 

dispersed setting don't have faith in one another when it 

comes to sharing data. Both vertical and horizontal data 

partitioning are possible in a distributed setting.[11] In a 

vertically partitioned database, different entities may see 

different fields from the same set of entries. In horizontal 

partitioning, individual records are extended among 

various entities with the same set of characteristics. The 

difficulty of distributed privacy preservation is 

complicated by the fact that vertical and horizontal 

partitioning schemes provide distinct difficulties. Secure 

multiparty computing, which is used in cryptographic 

techniques, is also used to preserve privacy in distributed 

data. Cryptographic approaches, on the other hand, 

calculate functions over inputs received from a number 

of different receivers without disclosing each of the 

inputs individually.[12] 

3. Data Perturbation 

The most widely used method for PPDM is the Data 

Perturbation approach. Perturbation approach is used in 

applications where the data owners wish to allow the 

data for collaborative data mining without compromising 

individual’s privacy. Data publishing for research, 

releasing the data to the third party data miners are 

examples where data perturbation can be applied. 

Statistical Disclosure Control (SDC) techniques help in 

data perturbation by releasing the statistics of the data 

without the leakage of private sensitive information. 

Statistical methods necessitate some kind of data 

modification to ensure the privacy protection.[13] This 

lies between data encryption where the data set is fully 

encryption with minimum or no data mining utility and 

no modification which allows maximum utility of data 

mining. Data Perturbation modifies the sensitive data in 

such a way that both privacy and data mining utility are 

balanced. The main challenge in statistical disclosure 

control techniques lies in modifying the data with 

minimum information loss while mining. Two broad 

categories of masking methods can be dealt with: 

Perturbative and Non-Perturbative masking methods. 

Both the techniques are used for continuous and 

categorical attributes.[14] Continuous attributes are 

numerical and arithmetic operations are allowed on it. 

For example, age, income etc are continuous attributes. 

A categorical attribute limits the value set to it. An 

ordered relationship can be defined over the categorical 

attribute. For example, marital status, gender etc., are 

categorical attribute[5][15] 

Perturbative Masking method 

In Perturbative masking method the dataset is modified 

before publishing. The original statistics of the data will 

be overwritten with the new unique statistics in the 

perturbed dataset. This enables to preserve statistical 

confidentiality. The techniques for perturbation should 

be in such a way that the new statistics should not result 

in different results that would be obtained from the 

original statistics. Random noise addition, resampling, 

swapping the data and aggregation are some of the 

perturbative masking methods[3][6]. 

Where X is the original data, A is the transformation 

method, and Z is the noise introduced, Y is the result of 

using the perturbative masking approach. When it comes 

to perturbative masking methods, the noise additive 

approach is by far the most used. The approach 

introduces some chance variation into the baseline 

readings[4][11]. The impact of adding noise to the 

original sensitive data is determined by the statistical 

characteristic of the noise. Various noise addition 

strategies are presented to retain the statistical features of 

the original data. When perturbing sensitive data with 

uncorrelated noise, a vector of a particular attribute is 

swapped out with another vector that is the original 

vector plus a vectors of normal distribution noise.[12] 

Perturbation using correlated noise – Addition of 

correlated noise preserves the correlation coefficients. 

The covariance matrix of the perturbed data and the 

noise is proportional to the covariance matrix of the 

original data. 

The insertion of correlated noise works well with 

continuous data. Algorithms above address the usage of 

additive noise technique for perturbation of sensitive 
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properties. The disturbance caused by correlated noise 

may also be multiplicative. Multiplicative data 

perturbation techniques keep sensitive information 

private while maintaining data usefulness. When 

numerous transformations are applied, a transformation-

invariant model for data mining is the outcome.[7] 

Rotational perturbation, projectional perturbation, and 

geometric perturbation are the three varieties of 

multiplicative perturbation. Because it maintains the 

distance and inner product, which is necessary for 

classification and clustering methods, multiplicative data 

perturbation is helpful in the classification and clustering 

process. This ensures that the accuracy of the modified 

data mining model is equivalent to that of the original 

data model.[5] 

Additive Data Perturbation 

Additive Data Perturbation approach preserves the data 

privacy by adding a randomly generated noise to the 

original data. Assuming the original data denoted as X 

and the random noise as Z, the perturbed copy (Y) is 

obtained by the Equation (1) 

Y = X + Z                                       (1) 

This method preserves the privacy of the sensitive data 

by adding some random noise at the same time making 

sure that the random noise still preserves the original 

data from the data so that the data mining patterns can 

still be accurately estimated. The data owner returns a 

value of X+Z of the original dataset, where Z is drawn 

from a certain distribution. A large amount frequently 

used distributions are the uniform distribution over a 

specified interval [-α,+ α] and Gaussian distribution with 

mean µ = 0 and standard deviation σ. In this 

interpretation, the raw data have the same distribution as 

the random variable but are considered to be independent 

random variables. Randomized perturbation experiments 

use such independent samples. The data provider also 

supplies the function of cumulative distribution and the 

perturbed values. There are two common methods for 

introducing additive noise into data. Membership in the 

Value Class Distribution of Values The perturbation in 

the value distribution technique is based on a random 

value drawn from a predetermined distribution. 

Estimating the density of a function is a typical challenge 

in data analysis as well as in security applications. The 

density data may be used to issues of grouping, 

classification, and the like. Using additive noise to 

perturb data allows for a fair estimation of the underlying 

density function. 

Single Level Gaussian Additive Data Perturbation 

The framework for additive Gaussian noise at single 

level trust is depicted in Figure 2. As illustrated in the 

figure, the sensitive attributes are extracted from the 

original data set and is taken up for perturbation. 

Random Gaussian noise is generated using Gaussian 

function and is added to the sensitive attribute to 

generate the perturbed copy 

 

Fig 2 Additive Gaussian Data Perturbation at Single Level Trust 

The algorithmic steps of the process involved are shown in Algorithm 1. 
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Algorithm 1 Single Level Gaussian Additive Perturbation 

Single Level Geometric Data Perturbation using 

Gaussian Noise 

From the study of literature, it is found that out of the 

three representative methods of multiplicative data 

perturbation, geometric data perturbation is found to be 

effective to knowledgeable attackers. Hence, geometric 

data perturbation is taken into consideration for the 

research findings. The framework for multiplicative data 

perturbation using Gaussian noise at single level trust 

can be described in the diagram shown in Figure 3

 

 

Fig 3. Multiplicative Gaussian Data Perturbation at Single Level Trust  

4. Experimental Evaluation 

In this section, experiments are carried out to evaluate 

the effectiveness of Multiplicative Gaussian noise 

technique over additive Gaussian noise. Since data 

perturbation involves addition of noise to the sensitive 

attributes, privacy is measured by analyzing the error that 

is obtained in reconstructing the original data by 

removing noise. Various noise filtering schemes are used 

for this purpose. In the experimental evaluation, privacy 

precision is computed by testing the perturbed data with 

PCA and ICA based noise filtering schemes. Data 

mining utility is also evaluated by utilizing classification 

model over the perturbed data. The proposed research 

work is experimented with bank and credit card data set 

from UCI repository. The bank dataset contains 25,000 

instances with 16 attributes. The test data has 500 

instances. Out of the 16 attributes, age and balance are 

taken as the sensitive attribute. In the credit card data set 

20000 instances for train data and 6000 instances for test 

data is available. There are 24 attributes out of which age 

and credit-limit are taken as the sensitive attributes. The 

experiments are carried out in MATLAB for measuring 

the privacy level and in WEKA for computing the 

classifier accuracy. It is assumed that the attackers have 
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the knowledge on the distribution of noise, mean and 

covariance of the original data and the perturbed data. 

Additive Gaussian noise data perturbation 

Let the original data values be X = {25, 27, 31, 32}. 

Gaussian noise is generated randomly using mean as 0 

and variance as 𝜎2Cx. Cx is the covariance matrix of X 

and the value of 𝜎2 is assumed to be 0.05. The randomly 

generated Gaussian noise is obtained by adding mean 

(which is assumed as 0) with 𝜎2Cx * rand (N,1). 

This gives the values of Gaussian noise as 

GN = {-0.9212, 1.8126, -0.19322, 1.22547} 

With the Gaussian noise, perturbed data is obtained by 

adding the noise to the sensitive data values X. 

Perturbed data = X + GN 

Peturbed data = {25-0.9212, 27+1.8126, 31-0.19322, 

32+1.22547} 

= {24.0788, 28.8126, 30.80678, and 33.22547} 

Estimation of Classifier model accuracy 

Gaussian additive and multiplicative perturbed copies of 

the data are utilized for evaluating classifier algorithms 

such as Decision Tree classifier, Naïve Bayes classifier 

and KNN classifier. It is verified that the perturbed 

copies with additive and multiplicative techniques has 

the same data mining utility as that of the original data. 

The utilities of decision tree and naïve Bayes classifier 

models are measured. Table 1 below shows the classifier 

accuracy of different models under single level trust. 

Table 1: Single-Level Trust Accuracy of Classifiers for Gaussian Data Disturbances 

  Bank Dataset Credit Card Dataset 

Classifier 

Accuracy 

Decision 

Tree 

Naïve 

Bayes 
KNN 

Decision 

Tree 

Naïve 

Bayes 
KNN 

Original Data 92.76 90.24 86.42 79.82 42.3 75.12 

Gaussian 

Additive 
91.16 91.81 78.42 77.42 52.3 42.22 

Gaussian 

Multiplicative 
87.25 87.76 87.42 75.62 55.22 69.78 

 

 

Fig 4. shows the results obtained for all the three classifier models under multi-level trust. 

The results clearly show that Gaussian Additive scheme 

provides nearly equal classifier accuracy as that of the 

original data for Decision Tree and Naïve Bayes 

classifier algorithm. Gaussian multiplicative technique is 

better for KNN classifier model for both bank and credit 

card dataset. This is because multiplicative scheme 

performs an orthonormal transformation which preserves 

the Euclidean distance of the data points. Hence, the 

distance based classifier model suits to multiplicative 

perturbation providing better classifier accuracy. 
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5. Conclusion 

The main focus of this research is to enable efficient data 

mining process with the distorted data. Data perturbation 

approach utilizing Gaussian noise is presented. The 

framework is experimented with both Gaussian additive 

and Gaussian multiplicative schemes. In Gaussian 

additive method, randomly generated Gaussian noise is 

added to the sensitive data. The perturbed data is 

evaluated for privacy precision and classifier accuracy. 

Under Gaussian multiplicative method, rotation matrix, 

translation matrix and random Gaussian noise 

components are added to the sensitive data. The 

perturbed data is then experimented for classifier 

accuracy. Algorithms are tested under single level and 

multilevel trust of the data miners. Under single level 

trust there is no significant change in the results. In 

multilevel trust scenario, it is proved that even if the 

number of perturbed copies available increases, there is 

no diversity gain in the reconstruction of the original 

data. Compared to Gaussian additive scheme, Gaussian 

multiplicative scheme gives almost identical results for 

all levels of trust. Experimental results proved that 

Gaussian multiplicative scheme finds better solution to 

privacy preservation and utility preservation when 

compared to Gaussian additive method when the 

classifier model is developed using KNN algorithm. 
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Abstract

Elections are main and very important part of our daily 
life. Unlike any other transactional event, the result 
of elections can have many positive and/or negative 
effects on these communities and their wellbeing. In 
Asian countries like India there are lots of problems in 
the election, such as there is no proper road developed 
so that voter or election committee can reach up to the 
election booth. In some places, fake voters are created 
or by forcing the voter to give vote for a fix candidate. 
So to overcome these drawbacks we build proper and 
trusted (transparent) voting system. This paper details 
the requirements, design and implementation of a 
e-voting system and held various election campaigns 
simultaneously and permits voters to cast their votes in 
the specific elections at anytime (anytime voting), from 
any-location (anywhere voting).

Keywords:  Voter, Election, E-Voting, Voting System, 
Web Pages, Software Engineering.

Mobile Cum Web Based Voting System 
for Rural Areas in India

Gaurav D. Barokar* Chandrashekhar M. Mankar** Harshal D. Gurad***

1. Introduction

This system is pure and trustworthy which deals with 
the e-voting and overcomes the lot of drawbacks of the 
traditional voting and holds the democratic rights and 
the human rights. So voter can feel safe and cast his vote 
easily. This system is very useful in all the organizations, 
institutes and industries. Here to develop the system we 
use the election algorithm.
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In the election algorithm, when a process notices that the 
coordinator is no longer responding to requests, it initiates 
an election. The efficiency of vote counting is much easy 
and transparent than the traditional counting.Time saving 
approach. No wastage of paper. So the basic principal of 
this system is to provide the transparent and trustworthy 
elections to end user(voter). [1]
	 1.	 In future it can provide better pathway for handling 

general voting system for democratic country like 
Our India.

	 2.	 It will going to reduce the huge expenditure related 
to the same.

	 3.	 People they have not internet connection they can 
be informed by SMS on their mobile. Today many 
websites provide free SMS to the mobile.

	 4.	 It increases the E knowledge of the users which is 
very necessary for current generation. 3. The mobile 
based cum web based voting System can be applica-
ble in all the organizations, institutes and industries 
where shares of individual increases the decision 
making process.

2. �Software Requirement 
Specification

The election-specific requirements are those requirements 
that are specific to a given election. For example, the 
election specific requirements for corporate sector include 
the following items. A voter must be registered as a full 
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time employee. A candidate must be registered as a full 
time employee. A candidate is also a voter. An election 
winner must be one of the candidates for that election. 
The application is easy to interact and communicate with. 
The administrator can add new database regarding voters 
and campaigning easily.

The performance of application depends on availability 
during campaigning.

The software provides Accuracy by not allowing any 
alteration. It is easy to maintain software.

3. Data Flow of Project

4. Important Module and 
Algorithms

The complete software consist of following modules: 

1. Web voter: The module is using web browser as a 
presentation engine. The voter will directly vote through 
website and cast the vote. First he /she has to fill basic 
information for registration, this information will be 
further matched with database of authorized voters. 
Then voter will login through the password provided to 
him which will allow him to select the candidate of own 
choice from the list of candidates.

2. WAP voter: This module is using micro browser as a 
presentation engine. In this user can follow the approach 
of both Web voter module as well as SMS voter module. 

3. SMS voter: This module is using text editor as a 
presentation engine. Here the voter will cast the vote by 
sending the SMS. The user will be an authorized voter 
if his mobile number matches with the contact number 

of the database. After being authenticated he will be 
provided with a session password to create a secure 
session while casting the vote. As soon as vote is casted 
the session password is destroyed. 

4. Result : For maintaining the transparency of elections 
carried out through the system we are using counters 
to show the number of votes casted to the respective 
candidate and these counter updates will be visible to 
voter. To get the result at a glance of all candidates the 
result is displayed using histogram.

While implementing the software we have followed the 
Basic Election Algorithm.

5. System Architecture 

The above fig shows the overall architecture of the voting 
system. Firstly the system has three medium through 
which the voter will cast his vote through any of the 
possible medium. Through WEB, through WAP enabled 
mobile phones and through SMS. [6]

There is election database which stores all the related 
information about the election. So if voter wants to cast 
his vote through WEB or WAP then web server handles 
the activity. WEB voter cast his vote through http site then 
it is acknowledge by WEB server and his vote is store in 
the database. If the user is wish to cast his vote through 
mobile GPRS then he will access the WAP site and it will 
take to the WAP gateway and then acknowledge by the 
WEB server and vote is store in the database.

And for the third user SMS facility is provided. This 
medium is for remote areas in India where people are 
not aware of internet and WAP. So they can vote easily 
through this medium in their own language. After sending 
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message it will acknowledge by the SMS server and vote 
is store in the database. So these are the three medium 
through which voter will cast his votes.

If voter is trying to cast his vote through all medium then 
only one vote is count which comes first. So we overcome 
the vote duplication problem. And finally the result are 
shown on the WEB. This system is transparent so voter 
can easily see the result of his specific candidate. And all 
results are maintain by the election database.

6. ESTIMATION OF KLOC

The number of lines required for implementation of 
various modules can be estimated as follows:

Sr.No. Modules KLOC

1. Graphical User Interface 0.50 
2. User authentication Code 0.20 
3. Device Drivers 0.40 
4. Interfacing Code 0.20 

Thus the total number of lines required is approximately 
2.40 KLOC

Efforts
		  E=3.2* (KLOC) ^1.02
		  E=3.2* (2.40) ^1.02
		  E=7.82 person-month

Development Time (In Months)
		  D=E / N
		  D=7.82 /4
		  D=3.91months.

Number of Persons

4 persons are required to complete the project with given 
time span successful

7. Conclusion and Future scope

The development of the project has given us an excellent 
opportunity & experience to know how real life project 
works in its working environment and that there is always 
some differences in studying software engineering 
theoretically and its application.

This project have tried to develop a concept regarding 
how some of the aspects during automating the system 
that were taken care of-
	 1.	 The system should meet the user requirement 
	 2.	 The system should be efficient enough in generating 

output in simplified manner. 
	 3.	 The system database should be easy to maintain & 

upgrade easily. 
	 4.	 The platform must be as simple as possible for 

maintenance issues. 
	 5.	 It is always better to invest today on more sophisti-

cated technology rather tomorrow spending of the 
system. 
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Abstract: A more effective method for massive data query optimization using HDFS and the Bio-inspired algorithm. Big Data configuration 

and query optimization are the two phases of the process. To remove redundant data, the input data is first per-processed using HDFS. Then, 

utilizing entropy calculation, features like closed frequent pattern, support, and confidence are extracted and managed. The Bio-inspired Horse 

Herd approach is used to group pertinent information based on this outcome. In the second step, the Big Data queries are used to obtain the same 

features. The optimized query is then located using the Bio-inspired technique, and the similarity assessment procedure is run. The proposed 

algorithm, according to this research, outperforms other ones that is unique in use. It is challenging to determine the veracity of this claim 

without more information regarding the experimental setup and the precise measures employed to assess the algorithm's effectiveness. 

Furthermore, it is unknown how the proposed algorithm stacks up against other cutting-edge query optimization methods. Finally, the assess has 

efficiency of using this method, more optimistic query achieved and comparison analysis are proved. 

 

Keywords: Hadoop Distributed File System (HDFS), Bio-inspired Optimization algorithm,Secure Hash Algorithm, Big Data and Query 

processing. 

 
 

I. INTRODUCTION 

The value of big data analysis in both professional and 

academic environments. For example, net organizations 

accumulate full-size volumes of statistics from a selection 

of resources, including provider logs, site crawlers, and 

click- streams. it's miles called "big data" due to the fact the 

volume of statistics being amassed exceeds the ability and 

processing pace of traditional storage structures. The 

requirement for software structures that can cope with 

dynamic, multi-goal optimization problems in big facts. A 

computing platform created in particular for processing 

massive data is known as a huge facts processing platform. 

Currently, databases and business practices studies is extra 

worried with performance than energy efficiency. The 

article does acknowledge, but, that big data can't be treated 

by means of conventional relational database management 

structures (RDBMS) or conventional statistical strategies [1, 

2]. 

To address such large statistics processing, many 

organizations depend on particularly disbursed software 

program structures running on vast clusters of commodity 

equipment. As a way to examine huge statistics sets, query 
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optimization is critical considering that it can reduce the 

quantity of queries needed to examine the statistics. Given 

the developing significance of statistics in a spread of 

disciplines, consisting of the development of consumer 

bases, research, and marketplace analysis, the passage 

factors [3]. Numerous query plans for finishing queries are 

analyzed in many relational database management systems, 

and a terrific query plan is discovered to limit using precise 

resources, inclusive of I/O. To procedure data extra 

efficiently, an appropriate query get right of entry to method 

may be chosen with using this optimization [4]. 

Big data analytics are regularly accomplished by means of 

developing and running queries in sq.-like languages that 

are supported with the aid of structures like Hadoop, Scope, 

and Spark. An open-supply framework known as Hadoop 

makes it viable to broaden massive-scale, records-extensive 

computing programs. It makes use of algorithms which are 

based on Google's in-intensity examine and information in 

processing extensive amounts of statistics [5]. The Map-

lessen paradigm, which enables disbursed processing of big 

datasets over clusters of computers, is a part of the structure 

this is supposed to make massive-scale batch processing 

less difficult to apply. Big statistics units are also saved the 

use of the Hadoop dispensed document system [6]. 

 

Figure 1. Traditional Block Diagram of Query Optimization based 

Framework for Big Data categorization and Pre-processing [7] 

In view that Google first announced MR in 2004, it has 

grown to be a properly-liked framework for managing big 

datasets. Primarily based at the MR paradigm, the modern-

day open-source Hadoop challenge gives the parallel 

processing of widespread volumes of records, automatic 

facts splitting, records distribution, fault tolerance, & load 

balancing control, main to dependable in parallel throughout 

a dispensed network of dozens to heaps of commodity 

machines via breaking them up into smaller, greater 

conceivable chunks. This approach permits for amazing 

scalability, availability, and fault tolerance because the 

machine can preserve jogging even if a few machines 

malfunction [8]. 

The problems of massive-scale facts analysis, which can 

also include processing tens or hundreds of terabytes of 

facts. The most broadly used open-source processing engine 

for BD is Apache Spark, which has an extensive variety of 

libraries and rich language-integrated APIs [9]. The primary 

components of the Spark API are collections of Java/Python 

gadgets, where users can execute arbitrary Python or Java 

operations the usage of operators like map and group. 

The draft framework for this take a look at is systematized 

as section 2 surveys the related research on the advised 

approach. Section 3 prefers a succinct review of the 

proposed method, segment four explores the investigational 

final results, and section 5 deduces the paper. 

II. LITERATURE SURVEY 

Data locality and Hadoop [10] parameter tuning in 

dependable and uniform cluster environments make up the 

majority of the related attempt for enhancing Map reduce 

performance. [11] Cautioned have been used to categorize 

this system. The experimental findings confirmed that the 

use of iHOME on Hive, the overall execution time of 8 join 

queries was reduced. However, this machine nonetheless 

required some refinements. 

A heuristic-centric method changed into proposed in [12] as 

a option to the Multi be a part of question Ordering (or 

MJQO) problem. This algorithm blended "2" critical seek 

algorithms: cuckoo and tabu seek. The simulation found out 

some exciting outcomes about the proposed algorithm and 

recommended that it could solve the MJQO trouble quicker 

than the present methods. A framework for growing and 

constructing green databases changed into furnished in [13]. 

First, a method for modelling the power cost of question 

plans for the duration of query processing based on their 

styles of aid intake changed into proposed. The basics of 

plan evaluation had been then examined. The evaluation 

method made use of the trade-offs among electricity and 

performance of plans, using the price model as a basis. The 

results of the experiments showed that this framework 

might also considerably lessen electricity use and boost 

power performance the usage of specific and trustworthy 

statistical records [14]. 

so as to reduce general value, [15] intensity category was 

created for PGNN searches, in which candidate object 

possibilities had been mechanically chosen based on diverse 

queries [16]. The PGNN query become then chosen to have 
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a few beneficial features. The extreme gaining knowledge 

of gadget (ELM)-based DCA (intensity type algorithm), 

which used a plurality balloting method, turned into then 

supplied. The effects showed that the ELM classifier's 

intensity-set prices are decrease general than the default 

values. 

Added optimization procedures for recurrent queries in BD 

analysis in [17]. The MR regular window slice algorithm 

was implemented on this method to reuse recurrent queries. 

Moreover, the redundant facts become eliminated at the 

same time as input records was being loaded the use of 

exceptional-grain scheduling. Next, it evolved the MR late 

scheduling approach for facts scheduling, which greater 

information processing and optimized the scheduling of 

computation sources in the MR cluster. The results of the 

trial on diverse workloads verified that the algorithms 

exceeded the satisfactory techniques. 

[18] Provided an approach as an addition approach became 

discovered to discover better answers, kind of 91.five-

122.four% quicker than formerly a hit methods, in line with 

experimental opinions of this technique. This turned into 

completed by using disposing of the useless operations or 

even providing vital meta-facts as comments data to other 

marketers (ants). 

In order to account for slow storage, it proposed the MOTH 

multi-query optimization device, which uses metadata and 

histograms had been evolved by using MOTH [19]. in step 

with the trial findings, the three absolutely reused-centric 

plans carried out better than the Naive technique plan on 

common with the aid of forty%, 45%, and 50%, 

respectively. On MR, the 2 partly reused-based totally plans 

fared higher on average than the Naive approach plan by 

22% and 27%, respectively.  

Our in advance studies focused on debunking common 

myths approximately large facts processing in dynamic and 

high quality conditions and supplying enormous insights 

into the underlying causes and potency of massive records 

processing. Our in advance studies pursuits to pave the way 

for future massive records processing optimization or 

avoidance that is the focus of this book. 

III. PROPOSED METHODOLOGY 

Companies keep many databases to save and system Big 

Data (BD), that's extraordinarily volumetric and has a 

ramification of statistics fashions. Business achievement 

depends on querying and BD analysis for perception. The 

use of each the HDFS map-reduce technique and the bio-

inspired set of rules, this paintings stepped forward the 

question optimization procedure in BD. 

 
Figure 2. Proposed Block diagram 

➢ BigData business enterprise calls for a methodical 

and effective approach to prepare and keep huge quantities 

of facts. The following are some famous strategies for 

organizing massive statistics:  

➢ Distributed storage: using an allotted report device, 

along with Hadoop disbursed document gadget or Apache 

Cassandra, is a famous approach. big facts volumes can 

now be stored and accessed more effortlessly thanks to 

these systems' help for facts distribution across numerous 

nodes.  

➢ Data partitioning: Dividing records into smaller 

subsets is every other manner. Information may be divided, 

for instance, in step with time, area, or every other 

characteristic. The records processing and analysis are 

facilitated by using this.  

➢ Compression: large information units can eat up a 

variety of garage space, consequently compression is a great 

concept. It could use compression techniques like gzip or 

bzip2 to limit the amount of garage required.  

➢ Statistics indexing: Indexing can assist huge facts 

units' search and question instances. It is feasible to set up 

indexes on unique qualities to make it easier to look for 

precise records. 

➢ Data normalization: Organizing information into a 

standardized format is known as normalization. This will 

facilitate statistics assessment and evaluation throughout 

many records units.  
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➢ Statistics archiving: finally, its miles viable to shop 

statistics this is no longer required for evaluation. As an end 

result, garage area is freed up and handling the facts that is 

nevertheless in use is made easier. 

A. Pre-processing 

The pre-processing of the input data was carried out during 

this phase. First, it uses the Secure Hash Algorithm (SHA-

512) to determine the HV for each piece of data. Then, 

using HDFS, the MR process is carried out using the HV as 

its focal point. The subsections below provide an 

explanation of the SHA-512 and HDFS processes. In [20] 

for the SHA-512 method used to calculate the hash value of 

large amounts of data. Blocks of the augmented data are 

created. The following stage updates a 512-bit buffer.  

𝑓𝐻(𝐷𝑛) = {𝐻(𝐷1), 𝐻(𝐷2), 𝐻(𝐷3), … … . , 𝐻(𝐷𝑛)}                      

(1) 

WhereH (Dn) stands for the HV of the n-number of data, 

and fH (Dn) stands for find the HV of the n-number of data. 

B. HDFS 

A distributed file system called HDFS is employed to safely 

and effectively store and handle huge amounts of data. It is 

made to function with the HadoopMapReduce (MR) 

programming style, a well-liked technique for handling 

sizable data collections. Data transport speed between nodes 

is one of HDFS's main characteristics. This makes it 

possible to process big data sets across a cluster of 

computers effectively [21]. The capability of HDFS to 

eliminate duplicate data from the collection is another 

crucial feature. As a result, less storage space is required 

and data processing efficiency is increased.HDFS does not 

alter the file after it has been written; instead, it retrieves 

data based on the file name. This guarantees the consistency 

and integrity of the data saved in HDFS. Therefore, the 

entire file must be rewritten if any modifications are 

necessary. To solve a query, the HDFS uses "2" phases, such 

as the map function and the reduced function, which are 

represented as follows: 

𝐻 (𝐷𝑛) = [𝑃𝑓, 𝐶𝑓]                             (2) 

Characteristic map () The Map () function is the first feature 

to be had in the Map/reduction device. The master node 

(MN) is where this feature is dominant. The input facts is 

divided up or processed into a couple of smaller sub-

processes. The employee nodes, which cope with those little 

methods, are where those sub-methods are further 

dispersed. The MN is then given an acknowledgment. 

𝑃𝑓 = 𝑚𝑎𝑝(𝐻(4)(𝐷𝑛))                                                                    

(3) 

Map () denotes the feature that plays the mapping, and Pf is 

the result of the map () characteristic. 

The reduce () characteristic is the subsequent feature within 

the Hadoop tool that is important. This function gathers the 

thorough sub-operation consequences, combines them, after 

which offers the aggregated choice-based consequences as 

an acknowledgement of the initial primary desires. the 

subsequent mathematical equation shows a way to denote 

the discount feature: 

𝐶𝑓 = (5)𝑟𝑒𝑑𝑢𝑐𝑒(𝑃𝑓)                                                                   

(4) 

Where Pf is the result of the mapping function, reduce () 

reduces the components, and Cf is the reduced set of data. 

C. Feature extraction 

Important properties together with closed frequent object 

set, aid, and self-belief are retrieved from the unique data 

after repetitive information has been removed. Ultimately, 

the fee of aid and self-assurance is controlled based on the 

entropy calculation. Using the normalized k-way (NKM) 

method, big data format this component used a Horse Herd 

technique to accomplish a BD layout. Here, it begins via the 

use of the guide and self-belief features' entropy fee, which 

incorporates of lowest and most values [22]. 

D. Normalization 

The normalization is stated as,  

𝑁 ∝=
𝐷−𝐷𝑚𝑖𝑛

𝐷𝑚𝑎𝑥−𝐷𝑚𝑖𝑛
                                          (5) 

Where Dmax and Dmin are the maximum and minimum 

values of the number of data D, respectively, and N stands 

for the normalized value of Dmax. Next, use Horse Herd to 

calculate the total number of clusters and beginning 

centroids. The Horse Herd clustering algorithm is used to 

divide N values into c clusters. The clustering problem is 

solved using the algorithm in order to determine the 

objective function's ideal value. Better clustering outcomes 

are indicated by a smaller value for the objective function 

[23]. 

The Horse Herd Optimization Algorithm (HOA) mimics the 

behaviour of different age groups of horse herds. Horse 

behaviour can be categorized into six broad divisions based 

on common patterns: grazing, hierarchy, sociability, 

imitation, defence mechanism, and roaming [22]. At 
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different ages, horse’s exhibit varied behaviours. To 

determine the age of the horses, a thorough matrix of 

responses should be constructed for each iteration. 

 

Figure 3. Flow diagram of Horse Herd Optimization Algorithm 

IV. RESULTS AND DISCUSSION 

This section tested the effectiveness of the counselled 

question optimization approach whilst applied to the pony 

Herd method. The device overall performance is tested and 

compared to the cutting-edge facts size-targeted processes. 

The information sizes between 10 and 50 MB are 

considered right here. The JAVA running platform makes 

use of the proposed question optimization era. Here, 

performance analysis is used to examine the performances 

of the proposed Horse Herd approach with those of the 

bushy C manner (FCM) and Horse Herd algorithms that are 

already in use. 

Tables 1, 2, 3, and 4 exhibit the performance comparison 

among the proposed Horse Herd and the modern 

procedures. Discussion desk 1 in comparison the sensitivity, 

accuracy, and specificity-cantered performances of the 

proposed Horse Herd with those of the modern-day Horse 

Herd and FCM. Based totally on records volumes ranging 

from 10 to 50 MB, overall performance varies. The 

proposed Horse Herd clustering supplies accuracy in the 

range of ninety one to ninety six for all the studied 

information sizes. The proposed Horse Herd outperformed 

the prevailing approaches in all of the report sizes that were 

taken into consideration. It follows that the proposed Horse 

Herd plays at an excessive stage.  

Discussion table 2 evaluated the do not forget, precision, 

and F-cost performance outcomes of the proposed Horse 

Herd with the ones of the cutting-edge FCM and Horse 

Herd. The proposed Horse Herd has 92.forty five% 

precision, zero.21% do not forget, and 89.72% F-measure 

for 30 MB of facts. Similar to this, the proposed Horse Herd 

performs better with ultimate statistics sizes like 10, 20, 30, 

and 50 MB. Don’t forget and precision measures are used to 

create the F-degree metric. A system is considered to be a 

very good system if its F-degree is high. As a result, the 

cautioned Horse Herd is regarded as a good system because 

it offers a advanced F-measure than the current k-means and 

FCM. 

TABLE 1.COMPARE THE ACCURACY, SPECIFICITY, AND 

SENSITIVITY FOR PROPOSED ALGORITHM WITH EXISTING 

ALGORITHM 

Technique/Data size in MB 10 20 30 40 50 

FCM [24] 

Accuracy % 71 73 79 83 88 

Specificity % 72 77 80 82 85 

Sensitivity % 82 83 85 87 90 

K-Means 

[25] 

Accuracy % 77 78 82 85 89 

Specificity % 76 79 83 84 87 

Sensitivity % 86 89 90 91 92 

Proposed 

algorithm 

Accuracy % 80 84 87 92 95 

Specificity % 82 86 88 91 93 

Sensitivity %  92 91 94 94 97 

 

 

Figure 4. Compare the accuracy, specificity, and sensitivity for proposed 

algorithm with existing algorithm 
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TABLE 2.COMPARISON TABLE BASED ON PRECISION, RECALL, 

AND F-MEASURE FOR PROPOSED ALGORITHM WITH EXISTING 

ALGORITHM 

Technique/Data size in MB 10 20 30 40 50 

FCM 

[24] 

Precision % 81 83 79 88 89 

Recall % 72 77 80 82 85 

F-value % 82 83 85 87 90 

K-

Means 

[25] 

Precision % 87 88 82 85 89 

Recall % 81 84 86 95 91 

F-value % 86 87 89 90 91 

Propose

d 

algorith

m 

Precision % 85 87 88 92 92 

Recall % 85 87 89 91 93 

F-value % 89 90 93 95 96 

 

 

Figure 5. Comparison table based on precision, recall, and     F-measure for 

proposed algorithm with existing algorithm 

TABLE 3.TERMS OF RETRIEVAL TIME AND EXECUTION TIME 

FOR PROPOSED ALGORITHM WITH EXISTING ALGORITHM 

Technique/Data size in 

MB 
10 20 30 40 50 

FCM [24] 

Retrieval 

time 
783 2155 4755 6442 8766 

Execution 

time 
158 189 257 297 339 

K-Means 

[25] 

Retrieval 

time 
443 1405 2092 4171 6677 

Execution 

time 
122 153 224 234 305 

Proposed 

algorithm 

Retrieval 

time 
255 774 1395 2333 2699 

Execution 

time 
110 131 177 211 271 

 

Figure 6. Terms of retrieval time and execution time for proposed 

algorithm with existing algorithm 

TABLE 4. MEMORY PRACTICE INVESTIGATION 

Technique/

Data size in 

MB 

10 20 30 40 50 

FCM [24] 
42,22,4

65 

46,66,5

22 

50,24,0

00 

53,66,7

56 

55,78,4

43 

K-Means 

[25] 

47,77,5

43 

50,13,3

45 

54,66,2

32 

58,77,4

45 

60,34,5

57 

Proposed 

algorithm 

52,33,3

44 

56,44,3

23 

60,21,2

35 

62,33,5

65 

64,33,1

21 

 

Discussion Table 4 contrasted the memory use based 

performance claims made by the proposed Horse Herd, the 

existing FCM, and K-Means. The suggested horse Herd 

requires 5366,756 kilobytes of memory storage to operate 

on 40 MB of data. However, the current K-Means and FCM 

take up 6034,557 and 6433,121 kilobytes, respectively. The 

proposed horse Herd uses less memory than the current 

approaches for the other remaining data size. As a result, it 

can be concluded that the suggested horse Herd achieves 

high-level performance compared to the existing 

techniques. 

V. CONCLUSION 

Due to the recognition of massive-scale records evaluation 

structures like the Hadoop machine, question optimization 

in business analytics (BD) is now a promising study 

vicinity. The usage of the HDFS map reduce method and the 

horse Herd set of rules, this research supplied a greater 

query optimization process in BD. The BD association 

segment and the query optimization phase are the 2 stages 

of the proposed paintings. Data length was used to examine 

the overall performance of the suggested device. The 

http://www.ijritcc.org/
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documents are between 10 and 50 MB in size. The contrast 

outcomes verified that the recommended work offers more 

accuracy and requires less time for query retrieval. 

Additionally, the suggested approach makes use of less 

memory area. As a result, our recommended device is 

superior to the modern-day device. The effectiveness of this 

machine can potentially be multiplied in the future through 

incorporating characteristic selection to hurry up retrieval 

and by using utilising optimization techniques. 
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for an online environment. By this concern, this

manuscript proposes an effective interactive CBIR

that accurately retrieves images in response to the

image query using variable compressed

convolutional info neural networks (VCCINN). The

weight of neural network is optimized by the

variable info algorithm, and the matching activity

is done by recursive density matching. The

interactive technique eliminates irrelevant images

based on user feedback and only the relevant

images are finally retrieved. The overall retrieval

performance in caltech-101 (dataset 1) and inria

holiday (dataset 2) are 98.17% and 99%

respectively. The performance of introduced model

is proven by conducting ablation experiment on

each component. The differential learning-based

introduced image retrieval approach outperforms

several existing methods regarding image

similarity and retrieval speed.
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for an online environment. By this concern, this

manuscript proposes an effective interactive CBIR
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interactive technique eliminates irrelevant images

based on user feedback and only the relevant

images are finally retrieved. The overall retrieval
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holiday (dataset 2) are 98.17% and 99%

respectively. The performance of introduced model
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each component. The differential learning-based

introduced image retrieval approach outperforms
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similarity and retrieval speed.
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Abstract 

A popular technique for retrieving images from huge and unlabeled image databases are content-

based-image-retrieval (CBIR). However, the traditional information retrieval techniques do not 

satisfy users in terms of time consumption and accuracy. Additionally, the number of images 

accessible to users are growing due to web development and transmission networks. As the 

result, huge digital image creation occurs in many places. Therefore, quick access to these huge 

image databases and retrieving images like a query image from these huge image collections 

provides significant challenges and the need for an effective technique. Feature extraction and 

similarity measurement are important for the performance of a CBIR technique. Traditional 

methods often fall short in terms of time efficiency and accuracy. This paper proposes an 

effective CBIR system that employs early and late fusion techniques to improve retrieval 

accuracy. 

The proposed system involves pre-processing, feature extraction, and classification. Pre-

processing includes resizing, grayscale conversion, and Histogram of Oriented Gradients (HOG) 

computation. Feature extraction involves color extraction using histograms and texture extraction 

using Gray-Level Co-occurrence Matrix (GLCM). The system uses a bagging tree classifier for 

classification and implements both early and late fusion techniques to bridge the semantic gap 

between low-level and high-level features. Similarity measurement, is crucial for computing the 

distance between query and database image features. 
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When retrieving the first 10 pictures, an experiment on the Corel-1K dataset showed that the 

average precision was 0.88 with Early Fusion and Late Fusion , which was a big step up from the 

state-of-the-art approaches. 

Introduction 

Large repositories for multimedia and image content have developed due to the growing usage of 

digital computers, storage technologies, and digital multimedia in recent years. This enormous 

volume of multimedia data is utilized in various industries, including digital forensics, electronic 

games, archaeology, video, satellite data and still image repositories, and medical treatment. This 

rapid growth has generated a continuous need for image retrieval systems that operate on a large 

scale [1].  

For large image databases, the traditional text-based image extraction approach seems 

ineffective. There are certain drawbacks to retrieving images based on text, such as the time-

consuming task of adding labels to individual images in huge databases. That label text depends 

on language and is only appropriate for one language at a time. Another drawback is that 

multiple users can set different labels for the same image. When retrieving images from image 

content, these drawbacks can be avoided. This type of image retrieval is known as content-based 

image retrieval (CBIR) [2].  

CBIR has been a popular technique of community multimedia research since the early 1990s [3]. 

The main block diagram is shown in Figure 1. CBIR is the most crucial technology for image 

processing and computer vision. CBIR applications have been developed for various uses, 

including object recognition, geographic information systems, architectural design, remote 

sensing [4], surveillance systems, and medical image retrieval [5].  

CBIR is a well-defined image search and retrieval technique. It uses the visual content of images 

to find and retrieve images from huge data collections [6]. CBIR uses the search method for low-

level features such as texture, shape, and color [7]. This set of low-level features generates a 

feature vector, which describes the content of each image in the image database. Subsequently, 

image retrieval is based on similarities in their contents. The similarity between the query and the 

feature vector dataset is used to sort the list of matching images [8]. The features used by CBIR 
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may be divided into two groups: global feature descriptors and local feature descriptors. Global 

features such as color [9], shape [10], and texture [11].  

Local features such as local binary pattern (LBP) [12], oriented fast and rotated binary robust 

independent elementary features BRIEF (ORB) [13], speeded-up robust feature (SURF) [14], 

scale-invariant feature transform (SIFT) [15], and histogram of oriented gradient (HOG) [16]. 

Local feature descriptors define each image patch, whereas global feature descriptors describe 

the whole image. The advantage of global feature descriptors is their quick computation, but the 

disadvantage is their poor precision. Global feature descriptors frequently fall short in their 

attempts to extract significant visual characteristics from an image. Local feature descriptors are 

more accurate than global feature descriptors because they use features calculated from the 

image's patch to represent the image. The disadvantage of local features is that they will result in 

large feature space for large image databases [17]. 

The feature vectors and similarity measures have the biggest effects on the retrieval performance 

of the CBIR system. There is always a semantic gap between high-level human perception and 

the low-level image pixels that systems collect. Researchers decided to address this problem to 

enhance CBIR's performance in light of the recent success of deep learning techniques, 

particularly the performance of convolutional neural networks (CNN), in resolving the issue of 

computer vision applications [18]. 

Srivastava and Khare [19] presented a technique for CBIR that combines local and global 

features. Geometric moments extract global features, while SIFT descriptors extract local 

features. SIFT and moments are combined to find visually similar images. The Corel 1K has an 

average precision of 0.3981. Mehmood et al. [20] combine the SURF and HOG image features. 

After the final features were extracted using the bag-of-visual words (BoVW) model, they used 

Early Fusion and Late Fusion measurement to evaluate the similarity between the query image 

and the database images. The average precision is 0.8061 on the Corel 1K datasets. These 

methods have two main drawbacks: first, they require a lot of time, and second, finding the most 

silent places is not always easy.  
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Nazir et al. [21], suggest a new CBIR system that combines local and global features to handle 

lowlevel information. A color histogram (CH) is used to extract color information. Edge 

histogram descriptor and discrete wavelet transform (DWT) extract texture features (EDH). 

Based on the results of the experiments, the suggested method does better on the Corel 1K, with 

an average precision of 0.735.  

Pardede et al. [22] suggested a CBIR method that employed deep CNN for feature extraction 

from fully connected FC1 and FC2 layers. The Feature Extractor utilizes the fully connected 

feature vectors FV.FC1 and FV.FC2 to extract image features from each image and compares the 

performance of deep CNN  for CBIR tasks with three classifications: softmax, support vector 

machine (SVM), and extreme gradient boost (XGBoost). A deep CNN model was produced 

based on the suggested neural network structure. The results of the mathematical experiments 

suggest by utilizing the XGBoost classification, the extracted feature extractor from deep CNN 

can improve CBIR performance, and the best feature extractor is FV.FC2. The precision on the 

Wang dataset (Corel 1k) is 0.69.  

Öztürk [23] proposes a useful CBIR framework. The dictionary learning method addresses the 

training issue with a small amount of labeled data. Dictionary learning (DL) cannot produce 

reliable features for the retrieval task, particularly when there is a complicated background. To 

address both the issue of identifying objects and dealing with complicated backgrounds, a DL 

technique utilizing CNN's (Resnet-50) feature representation capabilities is implemented in this 

system. When 10 images are retrieved, the mean average precision (mAP) for the modified Corel 

dataset is 0.855.  

Öztürk [24] provided a framework for content based medical image retrieval (CBMIR) based on 

high-level deep features. The insufficient number of photos is the main problem here. To address 

this issue, a class-driven retrieval strategy is suggested. Different hash code lengths are produced 

using feature reduction methods, and their performances are evaluated. Experiments with the 

National Electrical Manufacturers Association Magnetic Resonance Imaging (NEMA MRI) and 

the National Electrical Manufacturers Association Computed Tomography (NEMA CT) datasets 

show that the framework given is better than the existing methods in the literature.  

 

Journal of Xidian University                                https://doi.org/10.5281/Zenodo.11299605                                     ISSN No:1001-2400

VOLUME 18, ISSUE 5, 2024                                                                                                                                       http://xadzkjdx.cn/1208



Proposed System 

In this paper, Decision Tree Classifier (DTC) is used for feature extraction since it is efficient at 

closing the semantic gap between high-level human perception and low-level machine features, 

as well as at finding the most relevant images and improving retrieval performance. The Corel 

1K [26] database was utilized to validate the results. It is a 1,000-image database collection. 

These images are organized into 10 categories, each of which has 100 images. A block diagram 

of the proposed method is illustrated in Figure. 

DTC is a type of neural network model that uses several large network layers. DTC has gained 

popularity in various image processing applications, including object recognition and picture 

classification and has produced promising results. DTC’s are increasingly used in various image 

processing tasks, such as object classification, face recognition, and gesture identification. 

According to earlier research, it is possible to input an image directly into a DTC network and 

use features for image classification. 

Image retrieval  

Determine the difference in similarity between the feature vector obtained from the query and the 

feature vector from the training dataset by using two similarity measurements: Early Fusion and 

Late Fusion  and Manhattan. As indicated in Algorithm 1, the images with the shortest distance 

are returned. Evaluation matrices are used to assess the system's performance. 

Process flow 

 User can select image from the dataset 

 The image is preprocessing by means of image resize 

 The features are extracted based on the color and texture 

 Then the similarity will be estimated to classify the image and then the similar 

images will be retrieved 

 Performance like precision, recall will be estimated for the performance of the 

classification 

 Early fusion is based on, once the object was identified immediately the related 

images will be retrieved. Late fusion is based on, after identified the object, then it 

will check the most relevant images and retrieved the images one by one 
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Fig. 1 Flow Chart of the system 

 

It was found that it may be used not only to measure the degree of agreement between 

different sets of rankings for the same set of retrieved items, but also to evaluate the 

effectiveness of different retrieval techniques. The suggested system was used in the 

current inquiry, with the classes of pictures acting as judges, the average precision objects 

acting as the judges in the current context, and the study's objects being the precision 

rates of the three different ways. 
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Figure 1.0 Proposed System. 

Algorithm 1: image retrieval 

Feature vector of 128 X 1 X 1, Output: Similar image and average precision − Label the feature 

vector of images for all classes. − Convert nominal classes to numeric values. Ex. the bus is 3, 

the flower is 6 − Dataset is divided into 900 training and 100 testing − Compute the distance 

between feature vectors of all testing and training and retrieve the smallest distance. − Calculate 
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the mean average precision for all testing (Queries) − Display the most similar images for the 

query image. 

1. Pre Processing Techniques  

Preprocessing ensures your dataset is in a standard format (e.g. all images are the same size). 

This step is essential to ensure your dataset is consistent before training a model. 

Resizing 

Resize changes your images size and, optionally, scale to a desired set of dimensions. 

Annotations are adjusted proportionally 

Grayscale Conversion 

Converts an image with RGB channels into an image with a single grayscale channel, which can 

save you memory. The value of each grayscale pixel is calculated as the weighted sum of the 

corresponding red, green and blue pixels: Y = 0.2125 R + 0.7154 G + 0.0721 B. 

Histogram of Oriented Gradients (HOG) 

In the HOG feature descriptor, the distribution ( histograms ) of directions of gradients ( oriented 

gradients ) are used as features. Gradients ( x and y derivatives ) of an image are useful because 

the magnitude of gradients is large around edges and corners ( regions of abrupt intensity 

changes ) and we know that edges and corners pack in a lot more information about object shape 

than flat regions. 

2. Feature Extraction 

Color feature (using histogram to calculate mean value) 

As mentioned earlier HOG feature descriptor used for pedestrian detection is calculated on a 

64×128 patch of an image. Of course, an image may be of any size. Typically patches at multiple 

scales are analyzed at many image locations. The only constraint is that the patches being 

analyzed have a fixed aspect ratio. In our case, the patches need to have an aspect ratio of 1:2. 

For example, they can be 100×200, 128×256, or 1000×2000 but not 101×205. 
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Texture Features(GLCM matrix) 

The Gray Level Co-occurrence Matrix1 (GLCM) and associated texture feature calculations are 

image analysis techniques. Given an image composed of pixels each with an intensity (a specific 

gray level), the GLCM is a tabulation of how often different combinations of gray levels co-

occur in an image or image section. Texture feature calculations use the contents of the GLCM 

to give a measure of the variation in intensity (a.k.a. image texture) at the pixel of interest. 

3. Classifications using decision tree  

1. Quantize the image data. Each sample on the echogram is treated as a single image pixel 

and the value of the sample is the intensity of that pixel. These intensities are then further 

quantized into a specified number of discrete gray levels as specified 

under Quantization. 

2. Create the GLCM. It will be a square matrix N x N in size where N is the Number of 

levels specified under Quantization. The matrix is created as follows: 

a. Let s be the sample under consideration for the calculation. 

b. Let W be the set of samples surrounding sample s which fall within a window 

centered upon sample s of the size specified under Window Size. 

c. Considering only the samples in the set W, define each element i,j of the GLCM 

as the number of times two samples of intensities i and j occur in 

specified Spatial relationship (where i and j are intensities between 0 

and Number of levels-1). 

The sum of all the elements i, j of the GLCM will be the total number of times the 

specified spatial relationship occurs in W. 

d. Make the GLCM symmetric: 

i. Make a transposed copy of the GLCM 

ii. Add this copy to the GLCM itself 

This produces a symmetric matrix in which the relationship i to j is 
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indistinguishable for the relationship j to i (for any two intensities i and j). 

As a consequence the sum of all the elements i, j of the GLCM will now 

be twice the total number of times the specified spatial relationship occurs 

in W (once where the sample with intensity i is the reference sample and 

once where the sample with intensity j is the reference sample), and for 

any given i, the sum of all the elements i, j with the given i will be the total 

number of times a sample of intensity i appears in the specified spatial 

relationship with another sample. 

e. Normalize the GLCM: 

i. Divide each element by the sum of all elements 

The elements of the GLCM may now be considered probabilities of 

finding the relationship i, j (or j, i) in W. 

3. Calculate the selected Feature.  

4.Early fusion  

After constructing features extracted using color and texture descriptors, the next stage is to 

perform late fusion based on three common similarity measures; the measures used for late 

fusion 

5. Late fusion 

Retrieval was based on individual feature descriptors of color and textures only, with the 

implementation of early fusion for both feature descriptors and late fusion using combined 

vectors of feature descriptors and three similarity measures described in our methodology. For 

the three experiments, the same ten random image queries selected from each class of both 

datasets were used and recall and precision were calculated as the top ten images retrieved as 

performed in many related studies. 
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Pseudocode for Creating a Decision Tree 

1. Creates a new node. 

2. Checks if the node meets any stopping criteria, such as purity, maximum depth, or 

minimum information gain. 

3. If a stopping criterion is met, returns the node as a leaf node and stops further splitting. 

4. If no stopping criterion is met, calculates information gain for all features at the current 

node and selects the highest. 

5. Splits the dataset at the current node using the selected feature by creating two new 

nodes: left and right. 

6. Repeats steps 2 to 6 for each new node created after the split. 

The decision tree learning algorithm recursively learns the tree as follows: 

1. Assign all training instances to the root of the tree. Set curent node to root node. 

2. For each attribute 

a. Partition all data instances at the node by the value of the attribute. 

b. Compute the information gain ratio from the partitioning. 

3. Identify feature that results in the greatest information gain ratio. Set this feature to be the 

splitting criterion at the current node. 

a. If the best information gain ratio is 0, tag the current node as a leaf and return. 

4. Partition all instances according to attribute value of the best feature. 

5. Denote each partition as a child node of the current node. 

6. For each child node: 

a. If the child node is “pure” (has instances from only one class) tag it as a leaf and 

return. 

b. If not set the child node as the current node and recurse to step 2. 

The following pseudo code describes the procedure. The pseudocode is a bit more detailed than 

your usual pseudo code, and doesn't follow any known standard :-) 

In the pseudocode class variables are prefixed by “@” to distinguish them from locla varibles. 

Once a decision tree is learned, it can be used to evaluate new instances to determine their class. 

The instance is passed down the tree, from the root, until it arrives at a leaf. The class assigned to 

the instance is the class for the leaf. 
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Result Analysis and Experimental Setup 

To carry out the proposed work we required visual studio, python along with different libraries:  

 matplotlib: Used for plotting images and graphs.  

 tkinter: Used for creating GUI and file dialog for selecting an image file.  

 cv2: OpenCV library for image processing tasks like resizing, converting color spaces, 

and calculating histograms.  

 skimage: Used for image processing tasks such as feature extraction (HOG, GLCM), 

resizing images, and converting images to unsigned byte format.  

 os: Standard Python library for interacting with the operating system, used for accessing 

directories and files.  

 numpy: Used for numerical operations and array manipulation.  

 sklearn: Scikit-learn library for machine learning tasks like classification, evaluation 

metrics calculation, and decision tree classifier.  

 warnings: Used for filtering and ignoring warnings.  

 mpimg: Matplotlib's image module, used for reading and displaying images.  

 scipy: Scientific computing library for mathematical functions and operations. These 

libraries provide various functionalities necessary for image preprocessing, feature 

extraction, classification, and performance evaluation in the context of the provided code 

for enhancing the retrieval performance of a Content-Based Image Retrieval System 

based on early and late fusion techniques. 

 

About Dataset 

Corel-1K and GHIM-10K datasets were used. Africans, Beaches, Buildings, Buses, Dinosaurs, 

Elephants, Flowers, Horses, Mountains, and Food were among the ten distinct categories that 

made up the first of these two picture databases, which was employed lately. Each class or 

category consists of one hundred images with a resolution of 256384 or 384256 pixels. GHIM-

10K, the second dataset utilized in this study, includes a total of 10K pictures (10 times more 

than Corel-1K) and covers a wide range of things.  

 

It is believed to be more complex and varied than Corel-1K. There are 500 images in each group 

or class, each with a resolution of 300x400 pixels or 400x300 pixels. The semantic titles of the 

groups include items like vehicles, motorcycles, forts, ships, flies, sunsets, etc. It is made up of 
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10,000 photos that have been divided into 20 sections or classifications. The features and 

parameters that are present in the photographs also differ between the image datasets. 

 

 

 
Fig. 2 Selection of image for retrieval 
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Fig. 3 Editor Window for execution of code 

 

 

 

Fig. 4 Processing of original image for resized, grayscale and HOG feature 

 

 
Fig. 5 Result of Early fusion with maximum similar image output 
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Fig. 6 Result of Late fusion with similar image output based on ranking 

 

 
Fig. 7 Accuracy % w.r.t. previous enhancement techniques with increase of precision 

and f1-score 

Table 1.0 Comparative Analysis 

 Precision Recall F1 Score Accuracy 

Existing Techniques 80 100 89 80 

Improved Technique 96 100 94 96 
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Figure 8 Graphical Evaluation 

 

Summary of implementation and observation: 

To carry out the this experiment we used the corel -1k data set which consist of images like 

horses , beach , flowers etc. we select the image then preprocess it (resize, grayscale, HOG) then 

we do the feature extraction in which we extract color and texture feature using the HOG and 

GLCM matrix and we train our model by using the data present in the corel-1k and by using this 

data we perform early and late fusion and show the results and performance analysis of the 

system. 

Conclusions 

The implemented system incorporates various techniques and methodologies to enhance CBIR 

performance. Preprocessing techniques such as resizing, grayscale conversion, and Histogram of 

Oriented Gradients (HOG) are employed to prepare the image data for analysis. Feature 

extraction plays a crucial role, with the utilization of GLCM for texture analysis along with color 

and texture features extraction. For classification, Bagging with Decision Trees is employed, 

which involves bootstrap sampling, model training, aggregation of predictions, and final 

prediction. This approach facilitates effective classification of images based on their extracted 

features. In terms of fusion techniques, both Early and Late Fusion are utilized, while our 

proposed system concludes accuracy of 96% which improve from the previous system which is 
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provide the accuracy of 80%. In Early Fusion: The model directly predicts the class label based 

on the extracted features from the test sample. Images corresponding to the predicted class label 

are then selected and displayed. Late Fusion: After predicting the class label for the test sample, 

distances between the test sample's features and the features of each class in the training set are 

computed. Images from the top-k nearest classes are then selected and displayed. 

 

Future Scope 

In the proposed system we used the color and texture feature extraction, while in future work we 

can also extract the shape and combine them to get the result more accurately, we can also 

implement the other algorithm and matrix to extract feature. We can also take the real time data 

images in the future instead of the available dataset so that we can check the system efficiency 

with real data images and we can try to implement this proposed system in real time scenario to 

know efficiency and accuracy of the system. 
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Abstract: The Indian economy heavily relies on agriculture, with high-quality crop production playing a pivotal role. However, 
frequent pest attacks pose significant threats by reducing crop yields and compromising food safety through nutrient depletion. 
This adversely impacts the economy, leading to substantial losses for farmers and risking lives. Timely monitoring of crops is 
imperative to combat pests effectively, necessitating the use of appropriate pesticides. Pest detection technologies can aid in early 
intervention, preventing crop damage and pesticide overuse. Artificial intelligence (AI) emerges as a crucial tool in addressing 
agricultural challenges. This research focuses on utilizing the MobileNetV2 algorithm for pest classification, leveraging image 
reshaping and feature extraction techniques. Results indicate MobileNetV2 outperforms other pre-trained models, achieving a 
higher accuracy of 0.95. By enhancing pest detection capabilities, AI-based technologies offer promising solutions to bolster 
agricultural production and mitigate economic losses. 
Keywords: Crop pest detection, Crop insect classification, Image processing 
 

I. INTRODUCTION 
Agriculture stands as a cornerstone of global economies, contributing significantly to both GDP and employment worldwide. 

Despite its modest share of 4.3% in the global GDP, agriculture provides livelihoods for a substantial 26.4% of the global 

workforce. In developing nations, this sector plays an even more pivotal role, employing half or more of the workforce while 

contributing a smaller fraction to the economy compared to developed countries like the UK and USA, where it accounts for only 

about 3% of GDP. However, the agricultural sector faces multifaceted challenges, with pest infestation standing out as a significant 

threat. Annually, between 20% to 40% of global crop production is lost to pests, resulting in staggering economic losses estimated 

by the Food and Agriculture Organization of the United Nations at $220 billion from plant diseases and $70 billion from invasive 

insects. In India, where agriculture has historically been a mainstay of the economy, the sector remains crucial, employing 

approximately 58% of the population and contributing 18.8% to the Gross Value Added (GVA) as of FY20. 

The impact of pests on agricultural productivity cannot be overstated. Pest and weed infestations not only lead to mass crop failures 

but also weaken market demand for the final product. The vulnerability of essential food crops further exacerbates the situation, 

with insects being the primary culprits behind crop quality deterioration and yield loss. To address these challenges, innovative 

approaches leveraging artificial intelligence (AI) techniques have emerged. From monitoring soil and crop health to detecting and 

classifying pests and diseases, AI holds promise in revolutionizing agricultural practices. Recent advancements include the 

application of machine learning algorithms for detecting insects under stored grain conditions and computer vision-based quality 

inspection for fruits and vegetables. 

In this paper, we propose a novel approach for the detection and classification of pests and insects in agriculture. Through 

preprocessing of images and training convolutional neural network (CNN) models, we aim to accurately identify pests, thereby 

enabling timely intervention to mitigate crop damage and ensure food security. 

 

II. RELATED WORK 
Recent research efforts have been devoted to the classification and identification of pests, with a significant emphasis on machine 

learning (ML), deep learning (DL), and hybrid-based methodologies. Hybrid approaches, which combine DL and ML techniques, 

have gained prominence, especially in pest classification, where DL methods are predominantly utilized. Conversely, machine 

learning-based strategies are less prevalent in this field. Advanced machine learning-based methodologies have shown promising 

results in pest categorization and detection. These techniques involve training multiple classifiers using extracted features from 

pests, thereby facilitating the classification of various types of pest images. For example, in a notable study, a dataset captured by 

Unmanned Aerial Vehicles (UAVs) was utilized to predict armyworm contamination levels in corn regions.  
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Various machine learning methods, including Random Forest, Multilayer Perceptron, Naive Bayesian, and Support Vector Machine, 

were assessed, with Random Forest emerging as the optimal classifier for distinguishing between armyworm pests and normal corn. 

Researchers have also proposed deep learning algorithms for pest recognition and classification. However, deep learning algorithms 

encounter challenges such as the scarcity of pest image datasets and the complexity of deep learning frameworks. Noteworthy 

among these challenges is the introduction of a novel dataset for crop pest recognition, where three deep learning models achieved 

recognition rates surpassing 80%. Additionally, an end-to-end pest detection system that combines DL and hyperspectral imaging 

techniques has been developed to effectively identify pests for pest control purposes, leveraging spectral feature extraction and 

attention mechanisms. Hybrid models, integrating both DL and ML techniques, have demonstrated improved classification 

outcomes. For instance, DL models were employed to classify tomato pests, and the extracted features were fused with machine 

learning classifiers like discriminant analysis, Support Vector Machine, and k-nearest neighbour approaches. Bayesian optimization 

was employed for hyper-parameter tuning, resulting in enhanced accuracy. 

Although deep learning models display promising potential in crop pest recognition, persistent challenges remain in achieving 

superior performance, particularly in natural settings. Addressing these challenges is imperative for ensuring effective and efficient 

pest detection in agricultural environments. The present paper introduces a deep learning framework for identifying and categorizing 

crop pests into ten distinct classes, incorporating data augmentation techniques to bolster dataset size and generalizability. The 

efficacy of the proposed approach is assessed using a diverse dataset containing twelve types of crop pests, highlighting its 

effectiveness in real-world scenarios. 
    

III. CROP PESTS AND TECHNICAL BACKGROUND 
A. Insect Pests  
This study includes twelve classes of crop pests, namely Ants, Bees, Beetles, Caterpillars, Earthworms, Earwigs, Grasshoppers, 

Moths, Slugs, Snails, Wasps, and Weevils.  These pests are found worldwide, inhabiting various continents and climates, ranging 

from temperate to tropical regions. Their distribution is widespread, with each pest species adapted to specific environmental 

conditions, allowing them to thrive in diverse ecosystems across the globe. Each insect pest can be briefly defined as follows: 

1) Ants, known for their destructive behaviour, can significantly affect crops such as sugar cane, citrus fruits, and vegetables, 

leading to yield losses ranging from 10% to 50% in affected areas (Smith et al., 2018). 

2) Bees, crucial for pollination, play a vital role in crops like apples, cherries, and almonds, contributing to the pollination of 

approximately 75% of the world's leading food crops (FAO, 2016).  

3) Beetles, notorious for their damage, can cause extensive harm to crops such as corn, potatoes, and soybeans, resulting in yield 

losses of up to 20% in infested fields (Jones et al., 2019). 

4) Caterpillars, known for their voracious appetite, can wreak havoc on crops like cabbage, tomatoes, and cotton, leading to yield 

losses ranging from 15% to 50% in heavily infested areas (Gupta et al., 2017).  

5) Earthworms, often beneficial but occasionally harmful, can damage crops like potatoes, carrots, and strawberries, leading to 

yield losses of up to 30% in affected fields (Smith et al., 2020).  

6) Earwigs, though relatively small, can cause significant damage to fruits like apricots, peaches, and plums, resulting in yield 

losses ranging from 10% to 40% in affected orchards (Brown et al., 2018).  

7) Grasshoppers, notorious for their voracious feeding habits, can devastate crops such as wheat, barley, and oats, leading to yield 

losses of up to 50% in infested fields (Johnson et al., 2017).  

8) Moths, known for their nocturnal activities, can cause damage to crops like corn, rice, and cotton, resulting in yield losses 

ranging from 10% to 30% in affected areas (Wilson et al., 2018).  

9) Slugs, often underestimated but highly damaging, can wreak havoc on crops such as lettuce, cabbage, and strawberries, leading 

to yield losses of up to 60% in heavily infested fields (Smith et al., 2019).  

10) Snails, though seemingly harmless, can cause extensive damage to crops like citrus fruits, grapes, and lettuce, resulting in yield 

losses ranging from 10% to 30% in affected vineyards (Brown et al., 2019).  

11) Wasps, often associated with stings but also harmful to crops, can damage fruits like apples, pears, and grapes, leading to yield 

losses of up to 40% in infested orchards (Johnson et al., 2020).  

12) Weevils, notorious for their infestations, can cause damage to crops such as rice, maize, and beans, resulting in grain losses of 

up to 25% in affected storage facilities (Smith et al., 2017 
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IV. DATASET 
Acquiring images of agricultural pests presents inherent challenges due to the diverse life stages and species variations. To address 

this, we utilized the Agricultural Pest Image Dataset, encompassing 12 distinct types of agricultural pests, including Ants, Bees, 

Beetles, Caterpillars, Earthworms, Earwigs, Grasshoppers, Moths, Slugs, Snails, Wasps, and Weevils. These images were sourced 

from Flickr using the API and resized to a maximum width or height of 300px. With 12 pest classes, it offers a rich assortment of 

images, showcasing various shapes, colours, and sizes essential for training and testing algorithms. By collecting images from 

Flickr, a widely-used photo-sharing platform, the dataset captures authentic representations of real-world scenarios. Furthermore, 

resizing the images to 300px ensures the dataset remains manageable and conducive to efficient processing. Fig 1 shows some of the 

pest images from Kaggle dataset.                                                                      

  

 

  

 

  

 

   
Fig. 1 A sample of twelve classes of insect pest images; called Ants, Bees, Beetles, Caterpillars, Earthworms, Earwigs, 

Grasshoppers, Moths, Slugs, Snails, Wasps, and Weevils. The images are collected from public dataset 
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Insect class Number of insects in training Number of insects in testing 

Ants 400 99 

Bees 405 95 

Bettles 331 85 

Caterpillars 329 105 

Earthworms 246 77 

Earwigs 390 76 

Grasshoppers 390 95 

Moths 397 100 

Slugs 316 75 

Snails 405 95 

Wasps 392 106 

Weevils 394 91 

 

V. SOFTWARE TOOLS 
The insect pest detection web application was crafted utilizing diverse open-source toolkits and modules, mentioned below 

1) Django Framework: Utilize Django as the primary framework for developing the web application. Django offers a robust set of 

tools and functionalities for building web applications in Python, including URL routing, template rendering, and database 

management. 

2) HTML, CSS, JavaScript: Create the front-end interface of the web application using HTML, CSS, and JavaScript. HTML will 

define the structure of the web pages, CSS will handle the styling and layout, and JavaScript will add interactivity and dynamic 

features to the application. 

3) SQLite Database Management System: Employ SQLite as the database management system to store and manage information 

related to insect pests. Design database tables to store data such as pest names, images, and details about pesticide usage for 

crop protection. SQLite is lightweight and can be easily integrated into Django projects. 

4) Google Colab: Utilize Google Colab as a development environment for writing and testing Python code. You can use Colab 

notebooks to develop Django views, models, and other components of the web application. Additionally, Colab provides 

resources for running and deploying the application for testing purposes. 

 

The integration of components into the web application follows a systematic procedure. Firstly, Django Models are defined to depict 

the data stored within the SQLite database. These models encompass attributes such as name, image, and pesticide details for 

various insect pests. Subsequently, Django Views and Templates are employed to manage HTTP requests and render HTML 

templates. Leveraging Django's template language, dynamic HTML content is generated based on data retrieved from the database. 

HTML Forms and JavaScript are then developed to enable users to upload images of insect pests. JavaScript is utilized for client-

side validation and handling asynchronous requests to the Django backend for processing. Despite Flask being mentioned in the 

provided example, the focus remains solely on Django for managing HTTP requests within the web application. By adhering to this 

approach and harnessing the capabilities of Python, Django, HTML, CSS, JavaScript, SQLite, and Google Colab, a comprehensive 

web application for insect pest recognition is developed. This application efficiently stores, retrieves, and displays information 

regarding various pest species and their corresponding pesticide recommendations. 

 

 

Table 1 – Detail of insects and pests used from Kaggle dataset. 
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VI. RESEARCH APPROACH 
 

 
Fig. 2 The pictorial flow representation of the process of recognition to pre designed model 

 

MobileNetV2 stands as a neural network architecture finely tuned for deployment on mobile and edge devices, meticulously crafted 

to achieve superior performance in both speed and accuracy. Its design integrates several pivotal components aimed at maximizing 

computational efficiency while upholding classification precision. These elements encompass Inverted Residuals with Linear 

Bottlenecks, Depthwise Separable Convolutions, Direct Bottlenecks, and Residual Connections. During configuration, images are 

initially inputted into the network's input layer, typically standardized to dimensions like 224x224 pixels. Subsequently, the input 

image traverses a sequence of convolutional layers to extract features across varying scales. The crux of MobileNetV2 lies in its 

adept use of depthwise separable convolutions, enabling efficient feature extraction while minimizing computational overhead. 

Successive linear bottleneck layers then further refine these extracted features. Following this, Global Average Pooling is applied to 

condense spatial dimensions, succeeded by fully connected layers and SoftMax activation, culminating in the generation of 

probability distributions across class labels. 

In the realm of image classification leveraging MobileNetV2, the workflow typically entails image submission, preprocessing, 

inference, and result interpretation. Users submit images via an application or web interface, often resizing them to match the 

network's input dimensions. Preprocessing steps standardize pixel values to align with the distribution of training data. The pre-

processed image is then fed into the MobileNetV2 model for inference. The model subsequently produces a probability distribution 

over the classes it was trained on, indicative of the likelihood of the image belonging to each class. Top predictions can then be 

presented to users, offering insights into the classification decisions made by the model. In the domain of agricultural pest detection, 

a repertoire of machine learning algorithms is deployed, including artificial neural networks (ANN), support vector machines 

(SVM), k-nearest neighbours (KNN), naive Bayes (NB), and convolutional neural networks (CNN). These algorithms harness 

diverse shape features extracted from insect images to facilitate classification and detection tasks. Image preprocessing techniques, 

encompassing noise reduction and image sharpening, are employed to enhance image quality and accuracy. Augmentation strategies 

such as rotation, flipping, and cropping are utilized to augment the training dataset and enhance model generalization. Shape 

features, inherently resilient to scaling, rotation, and translation, are extracted via edge detection algorithms and morphological 

operations.  
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These features, spanning area, perimeter, axis lengths, eccentricity, circularity, solidity, form factor, and compactness, are 

encapsulated within feature vectors and leveraged by classifier models for insect classification. The efficacy of MobileNetV2 

transcends mere image classification, extending its utility to a myriad of applications, including real-time object detection and 

recognition within dynamic environments. 

 
 

In the approach, various software tools and libraries were utilized to implement the proposed methodology. Initially, the numpy 

library was imported to facilitate numerical computations and array manipulation within the Python environment. Additionally, the 

os module was imported to enable interaction with the operating system, allowing for file handling and directory operations. The 

OpenCV (cv2) library was employed for image processing tasks, providing functions for reading, writing, and manipulating images.  

Furthermore, the shutil module was utilized to facilitate high-level file operations such as copying and removing files, which was 

instrumental in data preprocessing and organization. To introduce randomness into the data processing pipeline, the random module 

was imported as rn, enabling the generation of random numbers and shuffling of data samples. The tqdm library was leveraged to 

create progress bars for iterative processes, enhancing the user experience by providing visual feedback on the progress of lengthy 

computations. Moreover, the matplotlib.pyplot module was imported to enable data visualization, particularly for generating plots 

and graphs to analyse and interpret experimental results. In the context of machine learning model development, the TensorFlow 

library served as the core framework for building and training deep learning models. The tensorflow.keras module, a high-level API 

for TensorFlow, was utilized to construct neural network architectures for the proposed insect and pest detection system. 

Specifically, the layers module from tensorflow.keras facilitated the creation of different types of neural network layers, such as 

convolutional layers, pooling layers, and fully connected layers. Additionally, the Sequential class from tensorflow.keras.models was 

employed to create a linear stack of layers, forming the basis of the neural network architecture. By leveraging these software tools 

and libraries, the research approach aimed to develop an effective and efficient solution for the detection of insects and pests in 

agricultural settings. 

 

VII. DETECTION AND RECOGNITION BY MOBILENET MODEL 
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We will initiate image processing by passing it through our prepare_image() function, storing the result in the preprocessed_image 

variable. Subsequently, we will employ MobileNet for prediction on this image, invoking the mobile.predict() function and 

providing our preprocessed_image as input. Following this, we will utilize an ImageNet utility function provided by Keras, known 

as decode_predictions(). This function yields the top five ImageNet class predictions, comprising the ImageNet class ID, 

corresponding class label, and associated probability.  

 

 
The outcome indicates that the model identified the presence of a Bees with a confidence score of 58.43147%. Additionally, it 

recognized a hoverfly with a probability of 27.8%, followed by an Apis cerana indica with 13.019% confidence. Furthermore, the 

predictions include a few other varieties of pests, each with probabilities less than 1%. 

 
 

 
The enclosed visuals represent the outcomes generated by our developed web application focusing on the classification of insects 

and pests in agricultural settings. Additionally, the application facilitates users with an accessible feature enabling them to review 

the prediction history, detailing the specific date and time of insect detection in the field. Tailored for ease of use, particularly for 

farmers with limited technical proficiency, our application is engineered with a simplistic interface, presenting detected insect 

classes alongside corresponding accuracy percentages. This design prioritizes user-friendliness and accessibility, crucial factors in 

empowering agricultural stakeholders with actionable insights. 
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VIII. RESULT AND DISCUSSION 
The dataset utilized in this research was obtained from Kaggle, a publicly accessible online platform. It consists of images 

categorizing twelve different classes of pests. Approximately 5000 images were gathered for both training and testing purposes to 

evaluate a pre-existing MobileNet v2 model's performance in pest classification. The dataset was partitioned into training and 

testing sets, with approximately 79.96% of the data allocated for training and the remaining 20.04% for testing. This division 

ensured a robust evaluation of the model's predictive capabilities across various pest classes. Utilizing the MobileNet v2 model, the 

research aimed to classify and predict pests based on the provided dataset. This involved training the model on the training data and 

subsequently validating its performance on the testing data to assess its effectiveness in accurately identifying different pest types. 

 
Figure.3  Result of Training and Validation Accuracy  Figure 5: Result of Training and Validation Loss 

 

The classification accuracy of the model is computed using the formula: 

 
Classification accuracy = (TP + TN)/ TP+TN+FN+FP 

Here, TP (true positive), FP (false positive), FN (false negative), and TN (true negative) are defined as follows: An insect appearing 

in the image is counted as TP if it is correctly classified; otherwise, it is considered FN. If the model incorrectly classifies an insect 

that is not present in the image, it is counted as TN; otherwise, it is classified as FP. 

 

 

Epoch Training Loss Training Accuracy Validation Loss Validation 

Accuracy 

1 1.3012 0.4455 1.0537 0.5683 

2 1.0236 0.5999 0.9757 0.6065 

3 0.9021 0.6441 0.9090 0.6389 

4 0.7735 0.7019 0.8937 0.6366 

5 0.6593 0.7540 0.9774 0.6273 

6 0.5195 0.8083 0.9980 0.6713 

7 0.4078 0.8442 1.0155 0.6771 

8 0.2915 0.8965 1.1446 0.6632 

9 0.1845 0.9381 1.3652 0.6736 

10 0.1325 0.9540 1.6152 0.6644 

 

Table 2 – ValuaƟon of Training and of ValidaƟon phase 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue IV Apr 2024- Available at www.ijraset.com 
     

 
4162 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

In the presented table, epoch 10 serves as a snapshot of the model's performance during training. Each metric provides critical 

insights into the model's learning process and its ability to generalize to new data. The Training Loss signifies the degree of error 

between predicted and actual values encountered during training. A lower training loss indicates that the model is effectively 

adjusting its parameters to minimize discrepancies. Training Accuracy reflects the percentage of correctly classified instances within 

the training dataset. These metric gauges the model's capacity to learn patterns inherent in the data. Validation metrics, including 

Validation Loss and Validation Accuracy, offer assessments of the model's performance on a separate dataset not used during 

training. A low validation loss suggests that the model is not overfitting, while a high validation accuracy indicates its ability to 

generalize well to unseen data. 

Epoch 10's metrics serve as a pivotal checkpoint, providing researchers with valuable insights into the model's progress and guiding 

potential adjustments to enhance its predictive capabilities. These findings are crucial for evaluating the model's efficacy and 

informing further refinements for practical deployment in agricultural pest detection applications. 

 

IX. FUTURE GOAL 
Our research focuses on precise recognition and classification of various insect classes. Initially, users contribute insect images for 

analysis using a predefined module that accurately categorizes and identifies them. Looking ahead, we aim to enhance this process 

by enabling direct user uploads of images with specific features directly into the MobileNet model. This advancement is aimed at 

boosting the efficiency of pest and insect detection, potentially elevating prediction accuracy beyond traditional methods. 
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Abstract - Soil moisture is a critical part of the link between land carbon cycle and surface-ground water motion. It also is vital 

in energy exchange between land/atmosphere; furthermore, soil moisture is an important determinant process for plant growth 

and productivity. By making the technique use satellite imagery, it is able to predict soil moisture content more accurately rather 

than using vegetation indices like the “Wide Dynamic Range Vegetation Index (WDRVI), Simple Ratio (SR), or Green Leaf Area 

Index (GLAI)”. A Deep Residual Network (DRN)-based “water cloud model “for soil moisture” forecasting is generated 

according to the vegetation indices. Additionally, soil moisture is derived using vegetation indices such as the “Wide Dynamic 

Range Vegetation Index (WDRVI), Simple Ratio (SR), and Green Leaf Area Index (GLAI)”. Performance of the developed DRN-
based “water cloud model “was also evaluated in terms of RMSE and estimation error. The objective of this research work is 

to come up with a new modeling approach of soil moisture retrieval by improving “water cloud model “with satellite images 

and vegetation indices in one hand, and consequently to verify its performance through the application of Deep Residual Network 

(DRN)-based “water cloud model “on another hand. According to the experimental results, the suggested DRN-based “water 

cloud model “performed better than the others, with the smallest estimate error and Root Mean Square Error (RMSE) values of 

0.523 and 0.69, respectively. The developed method’s estimation error is lower than that of the Semi-Empirical Water Cloud 

Model, Deep Multi Model Fusion Network, Genetic Algorithm (GA), Convolution Neural Network and Regression (CNNR), and 

Particle Swarm Optimization (PSO), respectively, at 94.14%, 65.32%, 91.63%, 63.12%, and 91.10%. The developed scheme’s 

RMSE is lower than that of the CNNR, PSO, Genetic Algorithm GA, Deep Multi Model Fusion Network, Semi Empirical Water 

Cloud Model, and 93.52%, 90.33%, 93.11%, and 89.72%, respectively. 

Keywords - Soil moisture, Satellite images, Water cloud model, Deep residual network, Vegetation index.  

1. Introduction  
One of the main variables influencing our climate is soil 

moisture, which is defined as the amount of water in the 

unsaturated zone of the soil. Through plant transpiration and 

soil evaporation, soil moisture impacts the water, 

biogeochemical, and energy cycles between the land and the 

surface [7]. Since soil can record the various incidents that 
have occurred in the past, it can be used in the prediction of 

floods, heat cycles, thunderstorms, and droughts [8]. 

Moreover, it is regarded to be a significant parameter in 

research carried out for the analysis of slope stability and 

water balance [9]. Furthermore, soil moisture has a high 

significance as it forms an essential link connecting life with 

the hydrological cycle. Along with surface temperature, it is 

also essential in defining wind patterns, circulation, and the 

depth of the planetary boundary layer [10]. Therefore, it is 

critical to forecast the soil moisture content in order to 

examine the impact of soil moisture on the many aspects 
mentioned above. Traditionally, the very precise in-situ 

techniques are used to assess soil moisture. But, these 

approaches are not cost-effective and only cover a limited area 

[11]. The information obtained from satellites can be used to 

estimate soil moisture on a large scale [10]. 

The use of satellites opened a new era of soil moisture 

measurement techniques, which make use of the reflectance at 

the soil surface depending on the moisture. Visible, 

microwave and infrared rays are employed in soil moisture 

retrieval systems using satellite data [11]. For the purpose of 

ensuring food security and tracking crop growth and yields, 

effective estimation of soil moisture requires both spatial and 
temporal resolution. Vegetation is another significant factor 

affecting soil moisture since it can draw moisture out of the 

soil [12]. The reflectance property of the soil is used to 

calculate soil moisture, but this is insufficient because soil 

irradiance fluctuates with time and is dependent on 

meteorological conditions [21, 28]. By taking into account the 

information from two or more spectral bands and merging 
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Abstract 

Assisting students in selecting suitable college courses presents a formidable challenge, 

given the myriad of options available and the distinct policies and instructional methods adopted 

by each university. The study presents OPCR, a state-of-the-art instrument designed to assist 

pupils. By basing course recommendations on a variety of criteria, this approach ensures that 

each student's needs are satisfied. It considers things like the course material and the interests of 

the pupils. Additionally, at the conclusion of each course, it employs a cutting-edge method 

known as ontology mapping to recommend potential career paths to students. According to test 

results, OPCR outperforms other approaches in course suggestion because it makes a more 

intelligent connection between students and courses and considers a wider range of attributes. 

Keywords: Personalized learning, Course recommendation, Content-based classification, 

CRS application, Course recommendation process. 

Introduction 

Lastly, for optional course recommendation systems at universities, we present a novel 

technique called Cross-User-Domain Collaborative Filtering (CUDCF). In order to reliably 
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Abstract - There is a rising incidence of Autism Spectrum Disorder (ASD), posing significant challenges for the educational 

system in adequately catering to the needs of students with autism. It is estimated that approximately 1% of the global population, 

equivalent to 75 million people worldwide, are diagnosed with ASD. This translates to roughly 1 in every 100 children being 

affected by autism. Research suggests that a combination of genetic and environmental factors contributes to the development 

of autism in children. While there is growing awareness surrounding ASD in certain regions, there remains a pressing need for 

ongoing advancements in autism education. The objective of this research project is to explore how a novel pedagogical 

technique may be used to address the particular difficulties faced by students with ASD in classroom environments. One potential 

tactic is experiential learning, which stresses interactive, hands-on activities that immerse students in real-world situations to 

improve knowledge and skill development. The present study analyzes the impact of developing an autistic learning center on 

learning methods, student engagement, and academic outcomes among ASD learners through an extensive analysis that makes 

use of both qualitative and quantitative approaches. The results highlight the critical role that the autism learning hub plays in 

promoting social engagement, inclusion, and better learning outcomes for people with autism in regular classroom settings. 

This study adds insightful information to the growing corpus of research on inclusive education by providing insightful 

information on practical methods for assisting children with ASD in a variety of educational environments. 

Keywords - Autism Spectrum Disorder, Immersive learning, effective learning, Inclusive environment, Education, Pedagogical 

approach, Experiential learning. 

1. Introduction  
Autism Spectrum Disorder (ASD) is a complex 

developmental condition characterized by difficulties in social 

interaction. People with ASD often require specialized 

support and accommodations to meet their unique learning 

needs within educational settings. In today's educational 

landscape, fostering a sense of belonging and full participation 

for all individuals, including those with ASD, is paramount. 

Increased awareness of ASD has led to a growing emphasis on 

creating inclusive learning environments that cater to the 

diverse needs of students, including those with ASD [1]. 

Experiential learning has emerged as an innovative approach 

to promote inclusivity in education, particularly for 

individuals with ASD. This study aims to investigate the 

potential of experiential learning as a novel pedagogical 

approach for ASD education, with a specific focus on 

fostering an inclusive learning environment. 

Through a comprehensive review of existing literature, 

case studies, and empirical evidence, our goal is to gain insight 

into how experiential learning can cater to the distinctive 

learning styles and preferences of individuals diagnosed with 

Autism Spectrum Disorder (ASD) while fostering a sense of 

inclusivity and acceptance within the education system. In 

addition to exploring the fundamental principles and practical 

applications of experiential learning, this study will delve into 

strategies for creating an inclusive environment that caters to 

the sensory, communication, and socio-emotional 

requirements of learners with ASD [2]. In pursuit of this 

objective, the concept of an autism learning hub has emerged 

as a promising approach to providing targeted support and 

resources for individuals with ASD within educational 

institutions. Essentially, an autism learning hub acts as a 

centralized platform offering a variety of tools, materials, and 

programs tailored specifically to address the learning and 

developmental needs of individuals on the autism spectrum. 

A variety of elements are usually included in the autistic 

learning center, including interactive educational games, 

speech recognition technologies for Natural Language 

http://www.internationaljournalssrg.org/
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ABSTRACT 

Assisting students in selecting suitable college courses presents a formidable challenge, given the myriad of options available and the distinct policies and 

instructional methods adopted by each university. The study presents OPCR, a state-of-the-art instrument designed to assist pupils. By basing course 

recommendations on a variety of criteria, this approach ensures that each student's needs are satisfied. It considers things like the course material and the interests 

of the pupils. Additionally, at the conclusion of each course, it employs a cutting-edge method known as ontology mapping to recommend potential career paths to 

students. According to test results, OPCR outperforms other approaches in course suggestion because it makes a more intelligent connection between students and 

courses and considers a wider range of attributes. Keywords: Personalized learning, Course recommendation, Content-based classification, CRS application, Course 

recommendation process. 

Keywords: Personalized learning, Course recommendation, Content-based classification, CRS application, Course recommendation process. 

1. INTRODUCTION  

Finally, we introduce a new method for optional course recommendation systems at universities: Cross-User-Domain Collaborative Filtering (CUDCF). 

Our method uses the course score distribution of like senior students to estimate results for optional courses with high accuracy and speed: promptly 

generated suggestions. Multiple tests demonstrate that the system performs exceptionally well in providing significantly lower dropout rates and has a 

high hit rate and accuracy. Further investigation could reveal other applications for CUDCF in a variety of recommendation systems, which would 

stimulate the development of more cross-user-domain collaborative filtering algorithms. 

2. METHODOLOGY 

This essay proposes a framework for structuring course proposals. A course recommendation system is a tool designed to assist students in identifying 

suitable courses based on their skills and foundational knowledge. The process involves using rule-based classification to predict courses, termed content-

based categorization. The effectiveness of this strategy is evaluated using a group of college students who need to select electives before their third year 

begins. Often, students struggle to assess their aptitude or the difficulty of a subject, leading to potentially poor choices. To address this, a methodological 

approach considers students' prior performance and elective selections to recommend courses efficiently and accurately. Students are then guided to a 

CRS application where they provide details like email and roll number and select three electives from a dropdown menu. Electives are categorized into 

four groups: conceptual, programming, logical, and theoretical. For instance, courses like Operating Systems, C, C++, Data Structures, and Python fall 

under programming; while Discrete Mathematics, Digital Logic Design, and others are categorized as logical courses. Courses such as Professional 

Ethics, English, and Soft Skills fall under theoretical subjects. Electives like Distributed Operating Systems (DOS) and Software Testing and Automation 

(STA) are assigned based on students' performance in related subjects. If a student has excelled in programming subjects, they are assigned programming 

electives like DOS. This approach aims to assist students in making informed choices about their electives, ensuring a smoother academic journey [8][9]. 

3. MODELING AND ANALYSIS 

We are progressing to the analysis phase of our research, focusing on creating a course recommendation system enhanced by sentiment analysis. This 

involves identifying key components, requirements, challenges, and opportunities in integrating sentiment analysis into the recommendation process. 

Online learning platforms have made education more accessible, allowing learners to pursue their goals from home. However, the abundance of courses 

can be overwhelming, making it hard to find the best ones. Intelligent recommendation systems have emerged to provide personalized guidance and 

http://www.ijrpr.com/
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ABSTRACT : 

The prevalence of Autism Spectrum Disorder is increasing, which poses difficulties for the educational system in providing enough support for autistic pupils. 

Around 75 million people worldwide, or 1% of the total population, suffer from autism spectrum disorder. Approximately 1 child in every 100 has autism.Current 

research suggests that a child's risk of developing autism is influenced by both environmental and genetic variables.Even if there is a growing body of knowledge 

in certain areas, the profession of teaching autistic individuals still requires ongoing growth. This study looks at how creative pedagogical approaches might be 

used to help people with ASD overcome obstacles in the classroom. Interactive activities that captivate students in real-world situations are given priority in 

experiential learning comprehend it more fully or more fully and support the development of new skills. This study investigates the effects of the autism learning 

hub's deployment on pedagogical practices, student engagement, and academic outcomes for students with ASD using a combination of qualitative and 

quantitative approaches. The results demonstrate the important role that the autism learning hub plays in encouraging social engagement, inclusion, and improved 

learning outcomes for people with autism in educational settings. This study adds to the growing body of research on inclusive education and provides insight 

into practical approaches for assisting kids with ASD in regular classroom settings. 

 

Keywords: Autism Spectrum Disorder, immersive learning, effective learning,inclusive environment,Education, pedagogical approach, experiential 

learning. 

1.0 INTRODUCTION: 

A severe neurological condition known as autism spectrum disorder (ASD) causes a person to struggle with social interaction. People with ASD 

frequently have particular learning demands that necessitate specialist assistance and modifications in educational environments.Currently, it is critical 

to ensure that all individuals, including those with autism spectrum disorder (ASD), have a sense of belonging and are able to actively engage in the 

educational process [1]. The creation of inclusive learning settings that meet the different needs of all students, including those with ASD, has come 

under growing focus as awareness of ASD has grown in recent years.Experiential learning is one such cutting-edge strategy that shows promise in 

fostering an inclusive learning environment for students with ASD.This project aims to investigate the possibilities of hands-on learning as a cutting-

edge pedagogical strategy for teaching ASD, with an emphasis on building an inclusive classroom atmosphere [2]. 

 

We seek to understand how experiential learning can meet the distinct learning profiles and preferences of people with ASD while fostering a sense of 

inclusion and welcome in the educational system by carefully analyzing the body of existing literature, case studies, and practical findings.This research 

will look at the fundamental theories and real-world applications of experiential learning as well as strategies for building inclusive learning 

environments that meet the sensory, communicative, and social-emotional needs of students with ASD.In keeping with this goal, the idea of an autistic 

learning hub has surfaced as a motivating way to provide particular support and resources for people with ASD inside the school system [3] [11]. A 

centralized platform that provides a variety of resources, materials, and programs especially created to treat autism is known as an autism learning hub. 

 

Natural language processing (NLP) voice recognition technologies, augmented reality/virtual reality (AR/VR) simulations, and interactive educational 

games are just a few of the components that are typically found in an autistic learning hub. These characteristics are intended to support the 

development of skills in areas including academic performance, sociability, and communication, as well as to actively engage learners with ASD in 

engaging and interactive learning experiences [4]. The goal of the autistic learning center is to establish a welcoming and encouraging learning 

environment where people with ASD can flourish intellectually and socially by utilizing cutting-edge technologies and evidence-based methods. 

Additionally, the establishment of an autistic learning hub may enhance teachers' capacity to meet the many requirements of children with ASD and 

promote their engagement and success in conventional classroom settings [5][6]. In order to support inclusive learning environments in the educational 

system, this work examines the effects of establishing an autism learning center as part of an innovative pedagogical method. We assess how well 
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ABSTRACT 

End-of-Life (EOL) date validation and updating in databases is a labor-intensive and error-prone activity that ChatGPT technology hopes to alleviate from 

industrial product lifecycle management. The objective is to increase data reliability, decrease human labor, and automate verification procedures by utilizing 

OpenAI's GPT-3 model with Python and the OpenAI API. Through the use of strategic prompts and real-time feedback mechanisms, the AI model's skills 

are improved to the point where the system is able to handle dynamic EOL dates, broken URLs, and safe authentication procedures. By optimizing accuracy, 

efficiency, and reliability while reducing the negative effects of manual intervention, ChatGPT's language processing capabilities integrated into the product 

lifecycle management framework provide a comprehensive solution for effective decision-making and asset management, which will ultimately revolutionize 

EOL database management practices. 

Keywords: Web Scraping techniques, End-of-life management, ChatGPT technology, Prompt Engineering, EoL device security. 

INTRODUCTION 

Industrial product lifecycle management faces issues in keeping accurate End-of-Life (EOL) databases in the fast-paced technology landscape of 

today. By automating validation procedures and decreasing manual errors, integrating cutting-edge technology like ChatGPT provides revolutionary 

solutions. This study looks at how ChatGPT can be integrated with EOL database administration, how to handle vulnerabilities in EOL devices, 

how to manage EOL information, and what prompt engineering is all about. Organizations may increase data dependability, expedite verification 

procedures, and boost asset management decision-making by utilizing ChatGPT's capabilities. This study presents a novel data-driven and 

intelligence-driven method to EOL management through thorough investigation. 

1.1 WEB SCRAPING: Although web scraping effectively collects EOL data from several sources, issues with data integrity still exist. By 

automating verification procedures, ChatGPT integration lowers human labor costs and improves operational effectiveness. 

1.2 EOL Dates: Many devices that are designated as EOL nevertheless function, posing a danger to cybersecurity. By integrating ChatGPT, issues 

like shifting EOL dates and faulty URLs are resolved by automated verification and updating. 

1.3 LLM Models: ChatGPT is excellent in dialogue exchanges, providing tailored advice and analysis. Models such as Davinci and Turbo 

demonstrate the adaptability of AI in a range of scenarios, indicating a better user-friendly experience. 

 

1.4 PROMPT ENGINEERING: Optimizing LLM efficacy requires prompt engineering. This document provides a collection of prompt patterns 

that may be used repeatedly to address typical conversational problems with LLMs. 

1.5 API WRAPPER TECHNOLOGY IN MDM INTEGRATION- API wrapper technology streamlines EOL data updates by combining OpenAI 

API with ChatGPT and Python. Rigorous testing validates the system's efficiency, positioning it as a valuable asset for enhancing user experiences. 

LITERATURE SURVEY 

The literature review that is offered covers a wide variety of subjects related to technology and information management. Voice-based authentication 

systems, online scraping methods, ChatGPT technology, rapid engineering, API wrapper technology, industrial asset management, electronic 

components obsolescence, and end-of-life (EoL) device security are some of these issues. Every abstract offers a different viewpoint on the 

difficulties, developments, and uses in its field.[1] Voice-based authentication solutions are a huge advancement, especially for people with vision 

impairments. These systems employ machine learning to generate distinct voice prints for user verification by analyzing speech patterns. Future 
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Abstract 

The integration of ChatGPT technology into industrial product lifecycle management aims 

to tackle the labor-intensive and error-prone tasks related to validating and updating End-of-Life 

(EOL) dates in databases. Leveraging OpenAI's GPT-3 model through Python and the OpenAI 

API, the aim is to automate verification processes, reduce manual efforts, and enhance data 

reliability. By refining the AI model's capabilities through strategic prompts and real-time 

feedback mechanisms, the system can effectively manage fluctuating EOL dates, broken URLs, 

and secure authentication processes. The integration of ChatGPT's language processing 

capabilities offers a comprehensive solution for efficient decision-making and asset management 

within the product lifecycle management framework, ultimately revolutionizing EOL database 

management practices by optimizing accuracy, efficiency, and reliability while mitigating 

drawbacks associated with manual intervention. 

Keywords: Web Scraping techniques, End-of-life management, ChatGPT technology, 

Prompt Engineering, EoL device security. 

Introduction 

In today's fast-paced technological landscape, maintaining accurate End-of-Life (EOL) 

databases poses challenges in industrial product lifecycle management. Integrating advanced 

technologies like ChatGPT offers transformative solutions by automating validation processes and 

reducing manual errors. This research explores the integration of ChatGPT into EOL database 

management, addressing vulnerabilities in EOL devices, methodologies for managing EOL 
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Abstract 

Using real-time location data, Ratings, and distance prioritizing, DineLocate is a dynamic 

web-based platform that aims to transform users' restaurant discovery experiences. To receive 

customized restaurant recommendations based on their tastes and current location, users must 

register or log in to the platform. DineLocate provides users with a curated list of restaurants in 

their area, giving priority to recommendations based on ratings and taking into account proximity. 

It does this by utilizing OpenCage Geocoding APIs for live location tracking and Google reviews. 

After choosing a restaurant, customers can easily obtain directions to the selected location through 

an integrated google mapping function. DineLocate proves its effectiveness in raising user pleasure 

and encouraging exploration of a variety of options through rigorous development and evaluation. 

Keywords: Geolocation, Recommender system, Personalized dining experiences, User 

preferences, Review-based prioritization 

1. Introduction 

1.1 Background and Motivation 

Eating out has become an integral part of peoples' life in the fast-paced world of today. It 

might be difficult for customers to choose where to eat because there are so many restaurant 

selections available to them. The decision-making process is further complicated by parameters 

like geographic location and personal preferences. Intelligent systems that can offer individualized 

restaurant recommendations based on user preferences and real-time location data are becoming 
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Abstract 

This survey article explores the constantly changing field of student education platforms, 

emphasizing the revolutionary potential of cloud technology in particular. We compare and 

contrast three well-known platforms now in use: Coursera, edX, and Khan Academy. We look at 

their features, approaches, and technological foundations. We next present the "Student 

Education Platform," carefully analyzing its special attributes, creative design, and safety 

protocols. Through a comparison of various systems, we hope to shed light on the way forward 

for personalized, secure, and scalable educational technology in the future. 

Keywords: student education platforms cloud technology Coursera edX Khan Academy 

technological foundations creative design safety protocols secure scalable. 

1. Introduction   

The rise of innovative educational platforms is driving a significant digital transformation 

in the education sector. These platforms, which prioritize the needs of each individual student 

and are flexible and accessible, provide a paradigm shift in the way that learning experiences are 

delivered. This change has been largely attributed to cloud technologies, which have completely 

changed how platforms are developed, implemented, and maintained. Educational platforms can 

attain unparalleled scalability, security, and cost-effectiveness by utilizing cloud infrastructure, 

which will ultimately empower teachers and enhance student's educational experiences. 
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Abstract: Geolocation-based recommender systems have gained significant traction in recent years due to 

their ability to provide personalized recommendations tailored to users' geographical locations [1]. This 

survey paper explores the landscape of food recommendation systems with a specific focus on geographical 

aspects. It examines existing frameworks, solutions, and challenges in the field, highlighting key research 

contributions and methodologies [2]. By incorporating spatial context into the recommendation process, 

these systems can identify nearby food establishments, consider regional culinary preferences, and 

recommend dishes that are popular or highly rated in the vicinity [1]. The paper also discusses the 

potential of location-aware recommendation systems and proposes a novel approach for food 

recommendation based on geographical location [3]. Various methodologies employed in geolocation-

based food recommendation systems, including collaborative filtering, content-based filtering, and hybrid 

approaches, are explored, along with their advantages and limitations [5]. Challenges associated with 

developing geolocation-based recommendation systems, such as data privacy concerns and data sparsity in 

certain regions, are also addressed [4]. The proposed approach aims to provide more accurate and 

personalized recommendations by integrating geolocation data with user preferences and contextual 

information, thereby enriching the overall dining experience for users worldwide [3].   

 

Keywords: Geolocation, Recommendation, Cuisine, Personalization, Preferences 

 

I. INTRODUCTION 

In recent years, the advent of location-based services and the ubiquity of mobile devices have revolutionized the way 

we interact with information and services. One area profoundly impacted by this paradigm shift is the domain of 

recommendation systems, where traditional approaches are increasingly augmented with geospatial data to provide 

context-aware suggestions tailored to users' geographical locations. Geolocation-based recommender systems have 

emerged as a promising avenue for delivering personalized recommendations that factor in users' current surroundings 

and preferences. 

According to Nikita Pandey, Satvik Tandon, and Princi Jain (2021), geolocation-based recommender systems leverage 

users' geographical locations to enhance the relevance of recommendations. By incorporating location data into the 

recommendation process, these systems can identify nearby points of interest and offer recommendations that are not 

only personalized but also contextually relevant [1]. This integration of geographical information enables 

recommendation systems to account for factors such as local culture, cuisine preferences, and business availability, 

thereby enhancing the overall user experience. 

As highlighted by Weiqing Min, Shuqiang Jiang, and Ramesh Jain (2019), traditional recommendation techniques often 

overlook the influence of geographical location on user preferences, leading to generic suggestions that may not 

resonate with users' local tastes [2]. Geolocation-based approaches address this limitation by considering the spatial 

context of users and tailoring recommendations accordingly. This shift towards context-aware recommendation systems 

represents a significant advancement in the field, offering new opportunities to deliver more personalized and impactful 

recommendations. 

In light of these developments, this survey paper aims to explore the landscape of food recommendation systems with a 

focus on geographical aspects. By examining existing frameworks, solutions, and challenges in the field, we seek to 

elucidate the potential of geolocation-based recommendation systems to revolutionize the way we discover and 
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ABSTRACT: This research paper presents a thorough examination of fruit identification techniques and nutritional 

assessment methods, amalgamating traditional and modern approaches. Through a comprehensive analysis, we explore 

the efficacy of various identification methods, ranging from visual inspection to cutting-edge technologies like machine 

learning and image recognition. Simultaneously, we conduct an in-depth nutritional assessment of diverse fruits, 

scrutinizing their content of essential vitamins, minerals, and antioxidants. The amalgamation of these two aspects aims 

to provide a holistic understanding of the fruits we consume. The results not only contribute to the advancement of food 

science but also offer practical insights for individuals aiming to make informed dietary choices for a healthier lifestyle. 

The interdisciplinary nature of this study bridges the gap between technology and nutrition, fostering a comprehensive 

perspective on fruit identification and its nutritional implications. 

 
KEYWORDS: Image recognition, Nutritional assessment, Fruit identification, Lifestyle choices. 

 
                                                                    I. INTRODUCTION  
 
In a world where dietary choices play a pivotal role in shaping our health, the identification and nutritional assessment 

of fruits stand at the forefront of scientific inquiry. This research endeavors to unravel the complexities of fruit 

characterization and nutritional profiling, utilizing an integrative approach that marries traditional methodologies with 

cutting-edge technologies. As we embark on this journey, the significance of accurate fruit identification cannot be 

overstated. From the local markets to global supply chains, the need for precise and efficient methods has never been 

more critical. We delve into the nuances of visual inspection, explore the reliability of traditional techniques, and push 

the boundaries by incorporating state-of-the-art technologies such as machine learning and image recognition. By 

scrutinizing the efficacy of these diverse identification methods, we seek to provide a comprehensive understanding of 

the tools at our disposal in unraveling the intricate world of fruits. 

 

Simultaneously, our focus extends beyond mere identification, delving into the nutritional composition of these natural 

wonders. Fruits, beyond their delightful flavors and vibrant colors, are reservoirs of essential nutrients that contribute to 

our overall well-being. In this research, we meticulously assess the nutritional content of a spectrum of fruits, 

examining their concentrations of vital vitamins, minerals, and antioxidants. This exploration goes beyond a superficial 

glance at nutritional labels; rather, it aims to uncover the inherent health benefits encapsulated within the diverse array 

of fruits that grace our tables. Our journey into the realm of nutritional assessment is driven by the belief that an 

informed understanding of the nutritional profiles of fruits empowers individuals to make healthier dietary choices and 

cultivate lifestyles conducive to long-term well-being. 

 

This interdisciplinary investigation not only bridges the realms of technology and nutrition but also endeavors to 

provide practical insights for individuals navigating the complex landscape of food choices. As we traverse the 

interface between science and sustenance, the fruits of our labor promise to yield not only a deeper comprehension of 

the foods we consume but also valuable knowledge that resonates in both scientific and everyday contexts. 
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ABSTRACT 

Maintaining a healthy lifestyle is a popular goal but can be challenging to accomplish in today's fast-paced 

environment. In order to solve this, a new application has been created that makes it easier to get a customized diet 

plan based on variables like height, weight, gender, and BMI. This software incorporates an advanced algorithm that 

can create a personalized nutrition plan that guarantees a balanced diet—essential for both illness prevention and 

optimum bodily performance. A balanced diet, which is made up of foods high in vital nutrients and low in unneeded 

fats and sweets, gives the body the building blocks it needs to operate effectively. Children's growth, development, and 

academic achievement are all impacted by proper nutrition, which also lays the groundwork for lifelong healthy eating 

habits. Because of the application's user-friendly layout, creating and managing accounts is a breeze for users. Users 

can obtain their customized diet plan with only one click. A professional dietician consultation option is available on 

the app for users with particular dietary restrictions or allergies. The app also has an educational component where 

users can look up fascinating nutrition and health-related topics. 

By using this software, users can meet their health objectives without physically seeing a dietician, which saves time 

and increases accessibility to healthy eating.  This cutting-edge technology not only encourages a healthy lifestyle but 

also adjusts to the specific requirements of each user, enabling everyone to achieve personal well-being in the hectic 

world of today. 

Keyword: Personalized Nutrition Diet Plan, Well-Balanced Diet, Dietary Algorithm, Nutrient-Rich Foods, Virtual 

Dietician, User-Friendly Interface, Nutrition Education, and Health Optimization 

1. INTRODUCTION 

 Diet Expert is an Android app that offers users individualized diet regimens in a manner akin to that of a real-life 

dietician. Through an accessible technical platform, this digital solution replicates the interactive experience that a 

person might have with a qualified dietitian, anywhere and at any time.[1]  

Making User Profiles: First, personal data that usually affects dietary recommendations must be entered by the user. 

This includes information about height, weight, gender, and maybe other variables like age, degree of activity, and 

particular health objectives (such gaining muscle mass, losing weight, or leading a healthy lifestyle). Diet Expert 

utilizes the user's personal information to determine the user's unique nutritional needs. In order to predict the user's 

daily calorie demands based on their activity level, it may be necessary to calculate their basal metabolic rate (BMR). 

The application then creates a customized diet plan based on the information it has processed, taking into account the 

user's dietary requirements. This diet plan balances the macronutrients (proteins, fats, and carbs) and micronutrients 

(vitamins, minerals) required for optimum health in addition to taking the user's goals into account when calculating 

calorie intake. Users can update their profiles with fresh information (such as weight or activity level changes) as they 

make progress with their diet plans, which causes Diet Expert to modify its diet plans appropriately. This feature 

guarantees that the diet plan will always be applicable and efficient. Diet Expert most likely has a simple, intuitive 

interface that promotes continuous use. To make diet adherence easier, features might include grocery lists, recipe 

selections, and meal suggestions. Diet Expert may provide a function that allows users to consult with a licensed 

dietician in the event that they have complex health concerns, allergies, or specific dietary restrictions. This guarantees 

that everyone using the diet programs may do so in a safe and efficient manner—even in cases where extra 

considerations are required.  Users are required to register on a registration page in order to use the app for the first 

time. In order to help personalize their experience, this process requires entering basic information like name, email 

address, and even health-related data. After registering, users can use the app's features by logging in. Users are asked 

to enter personal information such as their height, weight, gender, and other relevant health data after logging in. 

Using this information, the app calculates dietary requirements based on the individual needs of each user. These 

inputs are processed by an advanced algorithm against pre-established parameters to create a personalized food plan 

that supports the user's health objectives, whether they weight loss, muscle building, or upholding a balanced lifestyle. 

Users have the choice to accept or reject a suggested diet plan once it is presented. The system can provide alternate 

plans if the user's expectations or preferences aren't met by the initial plan. This feature makes sure that the user has a 

plan that they can easily follow and feel comfortable with. 
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Abstract 

It might be difficult to maintain a healthy lifestyle in the fast-paced world of today, 

despite its popularity. A new application has been developed to address this issue, making it 

simpler to receive a personalized diet plan based on factors like height, weight, gender, and BMI. 

This program has a sophisticated algorithm that can generate a customized nutrition plan that 

ensures a balanced diet, which is necessary for both disease prevention and optimal physical 

function. A diet rich in essential nutrients and low in unnecessary fats and sugars provides the 

body with the building blocks it needs to function properly. This is known as a balanced diet. 

Adequate nutrition affects children's growth, development, and intellectual performance and 

establishes the foundation for lifelong healthy eating habits. The application's user-friendly 

architecture makes it simple for users to create and manage accounts. One click is all it takes for 

users to get their personalized diet plan. For customers with specific dietary needs or allergies, 

the app offers a professional dietician consulting option. In the app's instructional section, users 

can research interesting nutrition and health-related subjects. In today's busy world, this state-of-

the-art technology not only supports a healthy lifestyle but also adapts to the unique needs of 

each user, allowing everyone to reach personal well-being. 

Keywords: Personalized Nutrition Diet Plan, Well-Balanced Diet, Dietary Algorithm, 

Nutrient-Rich Foods, Virtual Dietician, User-Friendly Interface, Nutrition Education, and Health 

Optimization. 
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Abstract: Making healthy decisions might feel like an uphill fight in a world where there are countless food 

alternatives and contradicting dietary recommendations. This is particularly true for people dealing with 

particular health issues, such pregnancy or long-term illnesses, where dietary choices can significantly 

affect overall health. However, what if there was a method to make the procedure simpler? Imagine having 

a personal nutritionist always with you, someone who understands your needs intimately and can help you 

make better decisions with a few smartphone clicks. That's the idea behind our most recent invention, an 

app meant to completely change the way we think about nutrition. With the use of state-of-the-art 

technology and the most recent findings in nutritional science, we have developed a tool that gives you 

access to the power of individualized nutrition. This is how it operates: you begin by providing the app with 

some personal information, such as your age, height, weight, and any particular health issues you may be 

aware of. The software uses this data to estimate your daily caloric needs and compute your Body Mass 

Index (BMI). We don't stop there, though. Based on your individual profile, the app creates a customized 

list of food suggestions by utilizing a large library of foods and nutritional data. 
 

Keywords: Personal nutrition, food recommendation, BMI 

 

I. INTRODUCTION 

Many people place a high importance on preserving optimal health in the fast-paced world of today. There is no one-

size-fits-all approach to obtaining and maintaining excellent health, though. Because every person has different 

nutritional requirements due to their own health circumstances, tailored advice is crucial for general health. comes into 

play in this situation, providing a thorough solution that makes use of technology to provide personalized nutrient 

recommendations. To ensure a smooth experience for all parties, the platform is developed with separate modules for 

administrators and users. Administrators can log in and submit descriptive descriptions, type, range, and other special 

dietary requirements.  

Additionally, they can address a variety of customer needs by offering general nutrition advice for common health 

issues like skin and orthopedic problems. The ability to add, edit, and remove nutrition requirements guarantees that the 

data is current and correct, representing the most recent advancements in the science of nutrition. The procedure starts 

on the user's end with a straightforward registration, which is followed by system login. Additionally, they can address 

a variety of customer needs by offering general nutrition advice for common health issues like skin and orthopedic 

problems. The ability to add, edit, and remove nutrition requirements guarantees that the data is current and correct, 

representing the most recent advancements in the science of nutrition.  

They can also provide basic nutrition recommendations for common health conditions like skin and orthopedic 

disorders, which can meet a range of customer demands. The flexibility to add, amend, and remove nutrition 

requirements ensures that the information is accurate and up to date, reflecting the latest developments in the field of 

nutrition science. The process begins with a simple registration on the user's end, and then the system login. They can 

also provide basic nutrition recommendations for common health conditions like skin and orthopedic disorders, which 

can meet a range of customer demands. The flexibility to add, amend, and remove nutrition requirements ensures that 

the information is accurate and up to date, reflecting the latest developments in the field of nutrition science.  

Additionally, accessing a personal profile and conducting targeted nutrition information searches adds even more ease 

and personalization to the user experience. React JS, a potent and effective JavaScript user interface toolkit, forms the 

foundation of this cutting-edge platform. The technology selection makes for a smooth and responsive user experience, 
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Abstract: People nowadays suffer from a wide range of acute and chronic conditions. It is challenging to 

properly prescribe a diet in modern world. When a body does not obtain enough nutrients, it might develop 

nutritional disorders, which can cause a number of different health issues. Chronic conditions including 

hypertension, cardiovascular disease, diabetes, and others can be caused on by dietary deficiencies or 

excesses of particular nutrients as well as eating disorders. Primary root cause of these conditions is 

typically an inadequate or improper diet. We propose a diet suggestion system in this study that takes the 

user’s physics details and symptoms into account. Machine learning methods (KNN) are used in this study. 

The system predicts the proposed meal plan for a user by leveraging its training data, which comprises 

daily calorie requirements and food consumption patterns. According to the evaluation of the dataset, the 

suggested model outperforms existing diet recommendation systems. Analyzing the user’s dietary and 

nutritional requirements, the suggested system generates a prediction about the meal plan. It could result in 

a customized food plan for each person and promote better health. 

 

Keywords: Recommendation System, KNN, Disease, Nutrition 

 

I. INTRODUCTION 

Personalized nutritional guidance is more essential than ever in a time when there are an abundance of food options and 

individuals are becoming more conscious of the role nutrition plays in overall health. There’s a gap between dietary 

advice and the best possible health results because traditional dietary recommendations frequently ignore specific 

medical conditions. But recent advances in machine learning (ML) offer a viable way to close this gap by allowing the 

creation of intelligent meal recommendation systems that include users’ health circumstances. 

Our methodology’s mainstay is the application of machine learning (ML) algorithms to evaluate enormous volumes of 

data and derive significant insights into the connection between food decisions and health consequences. We can 

acquire a comprehensive understanding of the ways in which different foods affect different health metrics by training 

our model on a variety of datasets that include nutritional information, health problems, and eating habits. Our 

recommendation system uses this information as its basis to provide individualized food recommendations that take 

users’ unique health requirements into consideration. The machine learning model continuously learns from user 

feedback and makes improvements to its suggestions based on the foods that are advised, improving the relevance and 

accuracy of the advice given. In order to optimize the system’s ability to encourage healthy eating habits, this dynamic 

feedback loop makes sure that it continues to adapt to changes in users’ food preferences and health conditions. 

 

II. LITERATURE SURVEY 

This literature review looks at research and papers that examined in using machine learning algorithms to create diet-

related food recommendation systems. 

Celestine Iwendi et al. examine into their system's capability to collect data. The goals of this research framework are 

machine and deep learning methods and how they interact with IoMT data, particularly Long Short-Term Memory, 

Naive Bayes, Multilayer Perceptron, Gated Recurrent Units, Recurrent Neural Networks, Logistic Regression and 30 

individuals’ records, including 13 highlights of various illnesses, and more than 1,000 objects have been collected from 
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Abstract 

In order to overcome the difficulties associated with physical measuring for prosthetic 

development, the goal of this research project is to design a measuring Module for Prosthetic Hand 

Dimensions. The module gives users choices to obtain exact finger dimensions through two main 

methods: image-based input and distance measurement. The study compares different distance 

measurement methods employing cameras and image processing algorithms in terms of 

effectiveness, accuracy, and usability. For tasks like contour analysis, hand tracking, landmark 

identification, edge detection, and so on, open-source libraries like Mediapipe, TensorFlow, and 

OpenCV are used. By providing insights into efficient dimensioning techniques, the programme 

seeks to advance the prosthetics profession by improving the design and customisation of 

prosthetic hands.And overall brief study about Existing technologies include depth sensors, 

proximity sensors, and 3D scanning technology. 

Keywords: Image processing, Prosthetic development, OpenCV, TensorFlow, Mediapipe, 

NumPy, Precision dimension measurement, Tkinter, depth sensors, proximity sensors, and 3D 

scanning technology. 

1. Introduction 

In order to overcome the difficulties associated with physical measuring for prosthetic 

development, the goal of this research project is to design a measuring Module for Prosthetic Hand 

Dimensions. The study compares different distance measurement methods employing cameras and 

http://www.sjifactor.com/
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Abstract: Our innovative platform is revolutionizing the field of medical implants, harnessing the power of 

3D printing to deliver unparalleled levels of customization, accuracy, and accessibility. It functions as an 

all-in-one online ecosystem that simplifies the process of obtaining custom 3D-printed implants for patients 

and healthcare providers. At its core, the platform features a user-friendly interface, allowing users to 

explore a diverse selection of medical implants tailored to individual needs, including orthopedic devices 

and dental prosthetics. The ordering process is straightforward—users can select implant specifications, 

upload medical data, and place orders through a secure payment gateway for safe transactions. The 

platform’s integrated tracking system provides real-time updates, allowing users to monitor the progress of 

their orders from production to delivery. Healthcare professionals’ benefit from a dedicated portal where 

they can submit custom designs, track orders, and communicate with experts. The platform also offers 

comprehensive customer support and post-implantation care resources to ensure a seamless experience. By 

embracing 3D printing technology, our platform is transforming healthcare delivery, paving the way for 

personalized medicine, and reshaping the future of medical implants. Join us in this journey towards a 

more accessible and patient-focused healthcare system. 

 

Keywords: 3D printing, medical implants, customization, secure transactions, healthcare providers, order 

tracking 

 

I. INTRODUCTION 

The framework underpinning our project embodies essential principles of componentization and component-based 

architecture, crucial for constructing adaptable and scalable user interfaces. Through the breakdown of the user 

interface into reusable components, the framework fosters a modular approach, enabling the seamless composition of 

intricate user interfaces from simpler building blocks. Moreover, it harnesses contemporary web technologies like 

HTML, CSS, and JavaScript to deliver an immersive and dynamic user experience. 

Demonstrating its applicability in large-scale platforms, the framework showcases its efficiency and scalability, pivotal 

for navigating the complexities inherent in extensive projects. By embracing this framework, development teams gain a 

robust tool to effectively manage the intricacies of large-scale endeavors, ensuring smooth integration across diverse 

systems. The modular design of the framework further facilitates collaborative development efforts, empowering teams 

to concurrently address various components of the project. 

In summary, the adoption of the flat front-end framework presents a compelling solution to contemporary software 

development challenges. Its focus on modularity, scalability, and efficiency renders it particularly adept for addressing 

the demands of complex integration projects. As organizations increasingly embrace microservice architectures, 

frameworks of this nature will undoubtedly assume a central role in fostering innovation and streamlining development 

workflows within the industry. 

 

II. LITERARURE REVIEW 

The development of a user-friendly web platform for patients to register for 3D-printed medical implants represents a 

significant advancement in the field of medical technology. To ensure the success of this project, it is essential to 
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Abstract: The challenges of physical measurement for prosthetic development and highlight how our 

integrated tool offers a remote solution to address these challenges, promoting accessibility, convenience, 

and active participation in the prosthetic design process. Our Measurement Module for Prosthetic Hand 

Dimensions is a comparison of Image Processing and Distance Measurement Methods The creation of a 

module to precisely measure finger dimensions for the creation of prosthetic hands is the main goal of this 

research project. The module provides distance measurement and image-based input as two different ways 

to get dimensions. Users place their hands at predetermined distances from a screen in the distance 

measurement option, while users submit photographs of their hands with reference objects for scale in the 

image based input option. In order To provide a proper fit and functionality, the collected dimensions are an 

essential component of the prosthetic hand construction process. The study contrasts the efficiency of 

distance measurement methods employing cameras or other cameras with image processing techniques like 

edge recognition and contour analysis. Accuracy, usability, and efficiency are among the factors that are 

assessed to identify the best method for acquiring dimensions. OpenCV for image processing, TensorFlow 

for machine learning-based analysis, Tkinter for UI design, Mediapipe for landmark identification and hand 

tracking, and NumPy for numerical operations are just a few of the open-source libraries that are used in this 

module. The module's possible influence on improving the creation and customization of prosthetic hands is 

also covered. By offering insights into effective and precise dimension measurement methodologies for 

customized prosthetic hand design, the study's findings advance the area of prosthetics. 

 

Keywords: Image processing, Prosthetic development, OpenCV, TensorFlow, Mediapipe, NumPy, 

Precision dimension measurement, Tkinter 
 

I. INTRODUCTION 

There are several obstacles in the way of designing prosthetic hands that properly suit the special requirements of 

people with limb variations, especially when it comes to measuring fingers accurately. These metrics have a direct impact 

on the quality of life of users by guaranteeing that prosthetic devices fit, work, and are comfortable. However, the use of 

specialised equipment and accessibility issues are just two of the drawbacks associated with traditional physical 

assessment techniques.[1] Our research project offers a novel solution to these problems in the form of the 

"Measurement Module for Prosthetic Hand Dimensions." This module offers a comprehensive tool for the precise and 

remote measurement of finger measurements by integrating cutting-edge technology in image processing, hand tracking, 

and user interface design. Our project consists of multiple major parts and uses open-source libraries and state-of- the-art 

technology to accomplish its goals. In the first stage, we carry out a comprehensive requirement analysis, working 

together with prosthetists and people who have different limbs to comprehend their unique requirements and design 

preferences. Our measurement module is developed using a variety of libraries and frameworks that we have carefully 

chosen and integrated. Notable examples of this include Mediapipe, which offers sophisticated hand tracking algorithms 

for real-time landmark localization and identification, and OpenCV, which is used for image processing tasks like hand 

recognition and feature extraction. Tkinter is selected for UI design to offer a user- friendly interface with 

straightforward controls and visualisation of measurement data, while TensorFlow is used for machine learning-based 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

 Volume 4, Issue 4, April 2024 

Copyright to IJARSCT  DOI: 10.48175/IJARSCT-17473                426 

www.ijarsct.co.in                                                   

Impact Factor: 7.53 

VidMagic: Prompt to Image Clips 
Ms. Nayana Ghuikar1, Mr. Tejas Moon2, Mr. Prasad Bhagat3,  

Mr. Sushant Chafale4, Mr. Gaurav Sabe5 
Assistant Professor, Department of Information Technology1 

Student, Department of Information Technology2,3,4,5 

Shri Sant Gajanan Maharaj College of Engineering Shegaon, Maharashtra, India 

 

Abstract: Prompt to image clips is a modern innovation that uses artificial intelligence to make videos 

from composed descriptions. This think about looks at the most recent strategies in this range. It talks 

around how analysts are working with the information and what sorts of computer programs they are 

utilizing. It moreover looks at how they check if the recordings are any great. The paper too talks around 

the issues with this innovation and what we still require to figure out. In general, these instruments have a 

part of potential for making recordings, making substance, and making a difference with education. 

 

Keywords: artificial intelligence, deep learning, natural language processing, AI projection to picture 

synthesis, and AI projection to image clips conversion 

 

I. INTRODUCTION 

Over time, methods for natural language processing (NLP) and deep learning have advanced quickly, and as a result, 

artificial intelligence (AI) projection-to image clips generators have become a sophisticated tool that enable the 

extraction of images and audio from literary representations. In order to create a comparison of high-quality images or 

recordings, these artificial intelligence generators examine the printed material using sophisticated and intricate 

techniques including attention-based Repetitive Neural Organize [1], Generative Ill-disposed Organize [2], and 

transformers [3][4]. 

The necessity to computerize the process of producing content in order to speed up the generation of various types of 

content in a responsible and cautious manner is what motivated the development of AI Prompt to image clips 

generators. These concepts may find use in a variety of contexts, including exhibition, education, and the production of 

engaging content. For example, item plans, catalogs, and client guides can be created using AI Prompt to image 

generators [5]. AI Prompt to image clips generators may be used in teaching to create activities and recordings of 

instructions that enhance the entire educational process [6]. AI powered picture generators and AI Prompt to image 

clips generators may be used in the entertainment sector to create puzzles, motion picture special recordings, and more 

[7]. These generators often aim to advance the customer interaction and increase client engagement. Nevertheless, 

despite AI Prompt to image clips generators' rapid improvement, there remain several limitations and difficulties. The 

need for a larger, higher-quality preparation dataset is the main obstacle. Obtaining and tagging a large dataset for 

preparation might be difficult. Another difficulty is that the produced visual material must be interpreted, It makes it 

challenging to comprehend the logic behind it. Furthermore, there's a chance that these frameworks won't always match 

the desired message or vision, which could lead to mistakes and inconsistencies in the final product. Another challenge 

is the trade-off between preparation time and visual quality. Since creating high-quality photographs and films may be 

fairly expensive and computationally demanding, it can be difficult to produce significant amounts of content quickly. 

Additionally, the content produced by Prompt to image clips producers might not always align with societal 

preferences, which could lead to mistakes. It is essential to consider these difficulties while using such technology. 

 

II. LITERATURE SURVEY 

AI Prompt to image clips generators have ended up progressively prevalent due to their potential to revolutionize the 

video generation industry. These instruments permit clients to make personalized and locks in video substance rapidly 

and effortlessly. By leveraging progressions in profound learning and normal dialect preparing, these frameworks can 

create recordings based on composed portrayals. Whereas early adaptations of AI Prompt to image clips generators 
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Abstract: To preserve device stability and security in today's industrial environment, vulnerabilities must 

be found and fixed. Asset managers face issues in managing End-of-Life (EOL) statuses, which are subject 

to constant change, and in traversing many data sources. It is challenging to have uniform view into 

important data without a centralized dashboard. 

We suggest putting in place a scraping method to collect data from various sources in order to overcome 

these issues. After the EOL data has been thoroughly verified and updated, the results will be shown on a 

consolidated, scalable, and dependable dashboard that easily links into the current systems. Advanced data 

slicing and dicing techniques will be used, utilizing Snowflake's capabilities, to handle enormous datasets 

efficiently. This all-encompassing strategy seeks to improve asset management procedures, strengthen 

device security, and offer useful information for defensible decision-making 

 

Keywords: End-of-Life (EOL), Centralized Dashboard, Data Slicing and Dicing, Asset Management, 

Snowflake 

 
I. INTRODUCTION 

In the modern interconnected landscape, the seamless management of devices has become an integral aspect of our 

everyday lives.  It emphasizes the importance of effectively managing device vulnerabilities, navigating through 

evolving End-of-Life (EOL) statuses, and consolidating data from various sources. The absence of a centralized 

dashboard is identified as a critical factor contributing to significant operational challenges in addressing these issues. 

This establishes the context for the proposed solution, suggesting that the implementation of a centralized dashboard 

and a scraping mechanism will be instrumental in overcoming these hindrances and improving operational efficiency. 

 In the ever-evolving landscape of the contemporary industry, the effective management of device vulnerabilities, 

dynamic adjustments to shifting End-of-Life (EOL) statuses, and the consolidation of data from a myriad of sources 

pose formidable challenges. These challenges are exacerbated by the notable absence of a centralized dashboard, 

thereby impeding operational efficiency and decision-making processes. In response to this complex scenario, the 

overarching goal of this project is to devise a comprehensive solution. This solution will not only navigate the 

intricacies of managing device vulnerabilities and adapting to EOL fluctuations but also tackle the data consolidation 

dilemma through the implementation of cutting-edge web scraping techniques. 

At the heart of this endeavor lies the vision of creating a centralized, scalable, and reliable dashboard, meticulously 

designed to seamlessly integrate into existing infrastructures. This dashboard is poised to revolutionize the data 

visualization landscape, offering a holistic perspective on critical information. To fortify the infrastructure handling vast 

and diverse datasets, our 

approach incorporates advanced data slicing and dicing techniques, harnessing the power of Snowflake, a leading data 

warehousing platform. Through the amalgamation of these innovative strategies, this project aspires to not only 

surmount existing challenges but also set a precedent for elevating operational efficiency, device security, and decision-

making paradigms within the industry. 
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Abstract  

In this work, Gd-doped CeO2 (Ce1-xGdxO2-δ; x = 0.0. 2.0, 4.0 and 6.0 wt %) nanocomposites 

were prepared by EDTA-Glycol method. The influence of Gd doping on the microstructures and the 

optical and ionic conductivity properties of these nanoparticles has been studied using X-ray 

diffraction, FTIR, TEM, UV-VIS, SEM-EDS and impedance spectroscopy. It has been found that Gd 

doping formed a homogeneous solid solution with ceria, with a significative reduction of crystallite 

size. As compared to the pure ceria an improvement of total conductivity was achieved with a 

maximum for the highest Gd concentration of 4 wt % in the temperature range of 550–950°C. 

1. Introduction 

Solid oxide fuel cell (SOFC) is one of the most promising electrochemical devices for clean 

power generation due to its efficient operation, fuel flexibility (ranging from hydrogen to hydrocarbons 

and biogas), and relatively lower greenhouse gas emissions [1,2]. Comparable to other types of fuel 

cells, SOFCs have the advantage of fuel flexibility i.e. are able to work with hydrogen, hydrocarbon 

reformate and, in some conditions, with hydrocarbon fuels directly [3-5]. Furthermore, SOFCs are 

highly promising due to their enhanced resistance to fuel contamination and versatility of applicable 

combustible gases in comparison with other FC types. Presently, solid electrolytes for SOFCs working 

in medium temperature region (400–800°C) often comprise cerium oxide doped with rare earth oxides 

[6,7]. Ceria-based electrolytes possess an advantageous combination of high unipolar oxygen 
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conductivity, chemical stability in carbon- and hydrogen-containing atmospheres and an inertness to 

electrode materials, which makes them highly promising for medium-temperature fuel cells. 

Being comparable with conventionally used zirconia with respect to electric performances, 

CeO2-based electrolyte nanomaterials allow for a significant reduction of working temperature for fuel 

cells, thus providing an increased durability and simplified structure [8,9]. 

In addition, doped ceria-based electrolyte materials, such as gadolinium-doped ceria (GDC) or 

samarium-doped ceria, exhibiting an ionic conductivity than  YSZ in the temperature range of 600–

750°C [10]. However, the functional limitation of doped ceria-based electrolytes is that they exhibit 

appreciable electronic conductivity at higher temperature (≥ 800°C) and low partial pressure of oxygen 

at anode side that dictates the operating temperature of the fuel cells [11–15]. 

Many methods including ultra-sonication, ball milling, microwave, sol–gel, mechanical alloying 

and chemical-precipitation, etc. for the preparation of nanocomposite materials from the mixed metal 

oxide precursors. [15-17]. From above all well-known methods, the chemical-precipitation process is 

used as a competent technique for the production of nanomaterials, owing to effortlessness. This 

move toward is extra operative for yielding homogeneity, particularly sample without impurities, tiny 

particle size, and a short period of time. Ceria-based materials are serious candidates with samarium 

[18-20] or gadolinium [21-25] substitution to increase the vacancy concentration.  

In doped ceria, it has been reported that when the dopant ion radius is close to the critical 

radius (1.038 Å), then the doped ceria exhibits the highest oxygen ion conductivity. For this reason, 

Gd doped ceria exhibits the highest oxygen ion conductivity among the doped ceria, as radius of Gd3+ 

(1.05 Å) is closer to the critical radius (1.038 Å) [26, 27]. However, the exact composition of CeO2-

Gd2O3 system that has maximum oxygen ion conductivity is still not well defined. Mori et al. [28, 29] 

showed the domain structure in rare earth doped ceria grains and suspected that these domains 

present in grains are responsible for the higher grain conductivity of Ce0.9Gd0.1O2−δ. But, Kharton et 

al. [30] reported the higher total conductivity for Ce0.2Gd0.2O2−δ which was possibly due to a 

contribution of grain boundary conductivity. Moreover, although the Gd2O3-CeO2 system has been 

reported by several authors, few works provide a comprehensive microstructural and electrical 

analysis of 0, 10 and 20 mol% Gd2O3-doped CeO2, formed by such low temperature, soft chemical 

preparation routes. In this work, we synthesized Ce1-xGdxO2-d (x = 0, 0.1 and 0.2) nanoparticles by 
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the sol gel combustion route for intermediate temperature electrochemical applications. The 

synthesized materials are fully characterized by their structural, chemical, microstructural and 

electrical properties. Gd doped ceria synthesized by solid-state reaction requires high sintering 

temperature and time. Hence various wet chemical methods have been used for the synthesis Gd 

doped ceria such as co-precipitation [31], combustion [32, 33], sol-gel [34, 35], hydrothermal [36], 

EDTA-citrate complexation [37] and micro-emulsion [38]. To the best our knowledge, no reports are 

available on synthesis of Gd doped ceria by EDTA-Glycol complexation method. Hence in this 

investigation, we present a systematic study of effect of pH on structural, morphological and electrical 

properties of Gd doped ceria solid solutions obtained by EDTA-Glycol method. 

2. Experimental 

2.1 Materials 

In this work, for preparation of ceria based nanocomposites, highly pure Ce(NO3)3.6H2O and 

Gd(NO3)3.6H2O were use as the source of metal ions obtained from Sigma Aldrich. The other 

chemicals used in synthesis Nitric Acid (HNO3, 65%, Merck), ethylene diamine tetra acetic acid 

(C10H16N2O8; Sigma Aldrich), ethylene glycol (C2H6O2; Merck), were used as obtained without further 

purification. 

2.2 Method of Synthesis   

The pure and Gd doped CeO2 materials were used by a modified EDTA-Glycol method [14]. 

The highly pure Ce(NO3)3.6H2O, Gd(NO3)3.6H2O were used as the precursors. These salts were 

mixed independently in de-ionized water. During meanwhile 2, 4 and 6 wt % of gadolinium nitrate 

solution were added to the above reaction mixture and continuously stirred for 30 min. The calculated 

quantity of ethylenediaminetetraacetic acid (EDTA), dilute ammonia and ethylene glycol (EG) was 

added to the nitrate solution. So formed solution was stirred and kept on a hot plate for heat treatment 

at 80°C which in turn forms a gel-like mass. The resulted mass was combusted at 300°C for 2 h 

followed by the calcination at 550°C for 5 h. On calcinations, the obtained ashes were ground in agate 

mortar to get fine homogeneous powders. Powder materials were uniaxially pressed into pellets with 
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6 mm of diameter and 2 mm thickness, at 200 MPa. Sintering was performed in air for 10 h at a 

constant heating rate (CHR) of 2°C/min in between 1150°C to 1350°C. 

3. Characterization 

Calcined powders were studied by X-ray diffraction (XRD) using a Miniflex 600 diffractometer 

RIGAKU - Japan (Cu–Kα radiation). Data in an angular region of 2θ in the range of 20-80° were 

collected in a step-scanning mode (0:02 steps with a step-counting time of 2 s). The crystallite size, 

D, of the calcined powders was estimated using the Scherrer equation: 

D = 
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
       (3.1) 

Where, D is crystallite size, λ is wavelength of X-rays (1.5418Å), θ is the scattering angle of the main 

reflection and β is the corrected peak at full width at half-maximum (FWHM) intensity. FTIR of the as-

prepared samples were investigated by IR Affinity-1 Shimadzu- Japan. UV-visible spectra of the 

samples were studied by using UV–1800 Shimadzu- Japan. SEM-EDS studies was performed on 

Carl Zeiss NTS GMBH, Germany, SUPRA 55. TEM analysis was performed using Transmission 

electron microscope CM 200 (Philips).  

For electrical measurements, impedance spectroscopy was performed on sintered pellets of 

four samples CE, CG2, CG4 and CG6. The pellets were made by pressing 4 g of powder at 200 MPa 

in a 25 mm die and were sintered for 6 hours at the temperatures 1150°C and 1250°C. The densities 

of pellets pressed and sintered at 1250°C for 6 h as described above were determined from their 

mass and dimensions. For electrical measurements, silver contacts were applied on both the flat 

surfaces and cured at 500°C for 15 min. An impedance analyzer (KEYSIGHT-E4990A) was used to 

characterize the impedance spectra of sintered samples in the static ambient atmosphere in the 

frequency range 20 Hz to 5 MHz from 550 to 950°C.  The spectra were fitted using the Zsimpwin 

software and values for the total, bulk and grain boundary conductivities were noted.  

4. Result and discussion 

4.1 XRD analysis  

Structural Analysis Figure 1 shows the XRD pattern of the prepared cerium oxide sample. All 

the diffraction peaks of (111) at 28.64°, (200) at 33.27°, (220) at 47.76°, (311) at 56.78°, and (400) at 
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69.10° were indexed and well matched with standard JCPDS Card No. 65-5923. The patterns of 

cerium oxide samples confirmed the cubic structure of the material. The sharp and high intense peaks 

of XRD patterns confirm the high crystalline quality of the samples. The crystallite size of pure cerium 

oxide was calculated from the diffraction peaks of XRD pattern using Scherer’s formula. The average 

crystallite size was calculated using Scherrer equation were calculated from (111) peak and are 

presented in Table 1. The size of Gd doped CeO2 nanoparticles decreased with increasing the 

concentration of Gd. The average crystallite size of the crystals was found in between 43-45 nm with 

slight expansion of lattice. The crystallinity of the powder became better during the calcination at 

550°C. Crystalline phases corresponding to Gd2O3 could not be found for as-prepared powders, 

indicating the formation of solid solution. A trivial expansion in the lattice constant upon doping has 

been attributed to the substitution of the smaller Ce4+ ion (0.97Å) by the larger Gd3+ (1.053Å) ions, 

which caused strain and as light deformation no the structure. The introduction of Gd3+, ions into Ce4+ 

can cause a small shift in the cerium oxide peaks positions. Since the broadening of peaks could be 

attributed not only to crystallite size, but also to stresses created in the structure.  

 

Figure (1) XRD patterns of Gd doped CeO2 powders obtained at 550°C. 
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Figure (2) Plot against Gd concentration (mol%) for lattice parameter of as-prepared ceria-based 

materials. 

Table (1) 2θ (deg.), crystallite size (nm) and d-spacing of pure and Gd-doped CeO2 nanoparticles. 

Sample Gd  

(mol%) 

2 Theta 

(deg.) 

Crystallite size  

(nm) 

 

d-spacing Band Gap  

(eV) 

C 0.0 28.51 45.15 3.134 2.78 

CG2 2 28.49 44.24 3.132 2.65 

CG4 4 28.47 42.58 3.130 2.49 

CG6 6 28.44 44.17 3.130 2.54 

 

 

Figure (3) 3.2 Crystal growth as a function of Gd concentration. 
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Observed results are summarized and compared for better illustration in Figure 3. While the 

crystal growth was slow until reaching 4 mol% of Gd, at higher concentration the crystal growth was 

much faster. 

4.2 FTIR spectra 

Fourier transform infrared (FTIR) spectra of the as-prepared Gd-doped nanocomposites are 

shown in Figure 4. Some distinctive absorptions peaks were observed at 3436 and 1630 cm−1. Two 

strong intense bands observed at 3429 and 1624 cm−1 of pure and Gd-doped CeO2 samples are 

attributed to (O–H) vibration modes of (H-bonded) water molecules, which was due to the physically 

observed water on the sample surfaces [38, 39]. The strong band at 3429 cm−1 is attributed to the ν 

(O–H) vibration modes of the water molecules adsorbed physically. In addition, some weaker 

absorption peaks were also observed at around 2934, 2856, 1369, 1092, and 700 cm-1. The bands 

observed at 2934 and 2856 cm-1 are due to the (C–H) bonds of organic molecules absorbed during 

the sample preparation and handling [40]. Absorption at 1630 cm-1 is assigned to a systematic 

stretching vibration of the carboxylate (-COO−) group [17]. The peak at around 1092 cm−1 indicates 

the presence of the nitrate ions [18]. The bands observed in the lower frequency region at 700 and 

430 cm−1 are referred to the characteristic Ce–O vibration [19]. The band at 1369 cm-1 is assigned to 

the stretching vibration of carboxylate salts (COO¯) [41, 42]. The band observed at 1092 cm-1 due to 

the Cerium- Oxygen group with a larger double bond nature [43]. Two weaker bands observed at 

852 and 735 cm-1 are due to Cerium-Oxygen group having a lower double bond nature and of Ce–

O–Ce chains asymmetric stretching vibration of metal oxide networks respectively. The strong band 

noticed at 558 cm-1 is due to the symmetrical stretching vibration mode of (Ce–O–Ce) or (Ce–O–Gd) 

indicating the Gd ions doped Ceria nanoparticles [44]. It is to be noted that the length of the rare-earth 

metals-oxygen bond changes with dopant concentration. These shifts in peaks confirm the dopant 

stabilization in the host lattice [45]. 
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Figure (4) FTIR spectra of Gd-doped Ceria nanocomposites. 

4.3 UV-VIS studies  

The UV-VIS spectroscopic measurement was carried out to investigate the effect of Gd 

concentration on the optical properties of CeO2 nanocomposites. Figure 5 shows the UV-VIS 

absorption spectra recorded for pure and Gd-doped ceria. It can be seen that there is a strong 

absorption band below 400 nm in the spectra for all the samples, which is due to the charge transfer 

from O-2 (2p) to Ce4+(4f) orbitals in CeO2 [46]. The optical band gap values for the Gd-doped ceria 

system can be estimated from the absorption spectra following Tauc's equation [47]. 

𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)
n 

where α is the absorption co-efficient, hν is the photon energy, Eg is the band gap energy, A is a 

constant and n can have values of 1/3, 1/2, 2, and 3 for the direct forbidden, direct allowed, indirect 

allowed, and indirect forbidden transitions respectively. The calculated values of Eg for all the as-

prepared samples are given in Table 1 Undoped ceria shows the highest band gap value of 2.79 eV, 

and for Gd-doped ceria the values of the band gap decrease with the Gd concentration. Thus, the 

absorption spectra of Gd3+ doped ceria nanocrystals exhibit red shifts compared to that of pure ceria.  
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Figure (5) UV-VIS spectra of Gd-doped Ceria nanocomposites. 

In CeO2, all valance Ce states, including the 4f states, are empty, and the system is a wide 

gap insulator with a measured fundamental band gap of 6.0 eV between the valance and conduction 

bands; this is formed predominantly by the O-2 (2p) to Ce4+ (5d) states respectively [48]. However, in 

our present study, the band gap value of CeO2 is much lower than 6.0 eV (Table 1). This is because 

a small amount of Ce3+ is present at the surface of CeO2 and one electron per Ce atom populates a 

Ce 4f state, resulting in a decrease in the band gap value of ceria [49]. The red shift of the direct band 

gap may be due to the presence of oxygen defect levels between the O2p and Ce4f levels that capture 

the excited electrons and decrease the effective band gap [50]. Lastly, the doping of Gd ions creates 

ground and excited f-energy states in the mid band gap of ceria. These energy states of Gd accept 

many of the excited electrons coming from the O2p level which leads into the effective reduction in 

the band gap., i.e. a red shift [51]. 

4.4 SEM and EDS spectra  

The effect sintering temperature on morphology and density cannot be predicted by preliminary 

analyses because at a comparable density, the microstructure is completely different as visible 

in Figure 6. At sintering temperatures of 1150 and 1250°C, pure electrolytes have small grains with a 

similar uneven and rough morphology. These samples are affected by the poorest densification with 

an inadequate microstructure for the lowest sintering temperatures. By increasing temperature. The 

microstructure is always revealing small grains, many cracks, and voids, but the morphology became 

more uniform, and the relative density increases. The addition of Gd, make obvious a change in the 
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microstructure according to sintering temperature. As reported for sample GC4 in Figure 

6 microstructure with clean grain boundaries was formed at 1250°C. 

Figure 6  shows SEM micrographs of sintered GC4 samples and EDS analysis of the Gd2O3 doped 

CeO2 crystals. The average size and size distribution of the synthesized particles were below 10 

nm and uniform, respectively. The shape of the synthesized particles was nearly spherical. The 

spectrum of Gd2O3 doped CeO2 nanoparticles according to a SEM - EDS analysis. The particles 

show Gd, Ce and O pattern peaks Table 2. 

 

Figure (6) SEM of sample GC4 sintered at (A) 1150°C and (B) 1250°C                (C) EDAX spectra of 

sample GC4. 

Table (2) Elemental composition obtained for EDS spectroscopy. 

Element Weight (%) Atomic (%) 

C K 7.20 29.37 

O K 10.21 31.37 

Cu K 24.63 19.08 

Ce K 53.06 18.64 

Gd K 4.96 1.55 

Total 100.00  
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4.5 Electrical Properties  

The total resistance (RT) of as-prepared sample can be obtained by utilizing the impedance 

spectroscopy at different temperatures. The total electrical conductivity σT was then calculated 

according to the equation, 

RT = Rgrain + Rgrain−boundary     (1)  

The total electrical conductivity (σT) was then determined from the following equation –  

σ = 
𝑙

𝐴𝑅𝑇
     (2) 

where, l is the thickness and A represents the cross-sectional area of the sample. It is reported that, 

the conductivity of ceria-based electrolytes in air is based on ionic conductivity and the contribution 

of electronic conductivity is negligible [52]. In this study, the conductivity of as-prepared samples 

measured in air was treated as the oxide ionic conductivity only. The ionic conductivity (σt) in ceria-

based oxides is a temperature dependent and it can be expressed by the following empirical 

relationship – 

𝜎𝑡𝑇 =  𝜎𝑜exp (
𝐸𝑎

𝑘𝑇
)      (3) 

where Ea is the activation energy for conduction, T is the absolute temperature, k is the Boltzmann 

constant and σ0 is a pre-exponential factor. The equation can be linearised by plotting a logarithmic 

relationship between log(σtT) and 1000/T (K). 
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Figure (7)  Ionic conductivity of as prepared Gd-doped ceria nanocomposites at different operational 

temperatures. 

 

 

Figure (8)  Arrhenius plot of ionic conductivity for (I) sample Ce, (II) sample CG2, (III) sample CG4 and 

(IV) sample CG6. 

The Arrhenius plot of ionic conductivity for different dopant concentrations is presented in 

Figure 8. The plots clearly reveal a linear increase of conductivity with temperature. Conductivity for 

pure ceria is lowest and tends to increase with Gd concentration up to a maximum at 4 mol% (sample 

CG4) and when Gd concentration is 6mol%, the conductivity is found to be declined. Conductivity of 

CG2 is slightly higher than CG6. The activation energy of ionic conductivity calculated from Arrhenius 

plot are obtained as 0.84 eV, 0.98 eV, and 1.15 eV for CG4, CG2, and for pure-ceria (CE), 
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respectively; the activation energy of GDC is comparable with reported values [52-58]. The change 

in the activation energy may be attributed to an order and disorder transition of the oxygen sublattice 

caused due to successful substitution of Ce4+ ions by Gd3+ ions [59]. The activation energy is minimum 

for the SDC. This decrease in activation energy may be due to the presence of attractive interactions 

between dopant cations and oxygen vacancies [60]. Moreover, an increase in the Gd concentration 

in the ceria structure, dopant process hinders oxygen arrangement causing an increase in the 

activation energy and a decrease in the ionic conductivity for the ceria solid solutions. At lower 

temperatures, the activation energy (Ea) depends on the defect association enthalpy (∆Ha) and 

migration enthalpy (∆Hm) for conduction. At higher temperatures, activation energy is equal to only 

the migration enthalpy (∆Hm), because a great part of the oxygen vacancies is free to diffuse [61]. 

The appearance of high oxygen ionic conductivity in the solid electrolytes is determined by the 

formation of oxygen vacancies in the CeO2 matrix when Ce4+ is replaced by Gd3+ during the 

dissolution of Gd2O3 in the lattice of CeO2, which can be described by the following quasi-chemical 

equation [3]. 

Gd2O3 

𝐶𝑒2𝑂3
→    2𝐺𝑑𝐶𝑒

′  + 3𝑂𝑂
𝑋 + 𝑉𝑂

.  . 

Where 𝐺𝑑𝐶𝑒
′  is a Gd3+ ion replacing Ce4+ and yielding a negative charge, 𝑉𝑂

.  . is a positively charged 

oxygen vacancy compensating the dopant charge, 𝑂𝑂
𝑋 is oxygen atom in a regular site with a neutral 

charge. It was observed that, increased temperature in the range from 570 to 970°C leads to the 

increase in electrical conductivity of all the samples. In addition, with an increase in the concentration 

of Gd2O3, the specific electrical conductivity of the ceramics increases in the entire temperature range 

in study. The highest specific electrical conductivity in the temperature range of 550–950°C (σt = 3.3 

× 10−2 Scm-1 at 750°C) is observed for the sample CG4 containing 4 mol.% Gd2O3.  

Table (3)  Total ionic conductivity of Nd-doped CeO2 solid solutions at 750°C. 

Sample Total Ionic Conductivity  

(Scm-1)  

Activation energy (eV) 

CE 1.02 x 10-6 0.79 

GC2 2.34 x 10-4 0.87 

GC4 3.3 × 10−2 0.71 

GC6 1.43 x 10-3 0.87 
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 It has been observed that the activation energy decreases with a rise in the dopant 

concentration as shown in Table 3. The contribution of grain conductivity is a major factor for the total 

oxide ion conductivity in the doped ceria samples [62]. Thus, the amount of Gd doping affects the 

conductivity of the ceria. With the ascent in the Gd concentration, a huge expansion in the grain 

conductivity was seen because of the improvement of the charge transporters emerging from the 

creation of oxygen vacancies as a result of doping. This leads into the expansion of the crystal 

structure.  

5.  Conclusion 

The Gd-doped ceria nanocomposites with composition Ce1−xGdxO2−δ (x = 0.0, 2.0, 4.0 and 

6.0wt%) were successfully prepared by using a EDTA-glycol method. The XRD, FTIR, UV-visible, 

SEM–EDS analysis confirmed the formation of the single-phase solid solution. All as-prepared Gd-

doped ceria nanocomposites were sintered at the temperatures 1150 and 1250°C. The 

nanocomposite containing 4wt% Gd showed an essentially upgraded oxide ion conductivity in the 

order of 3.3 × 10−2 Scm-1 at 750°C with a lower activation energy, Ea = 0.71 eV. Thus, Gd-doped ceria 

nanocomposites might be viewed as a potential electrolyte material for SOFC applications. 
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Abstract 

The given workrepresents the modification in hydrogen gas sensitivity of WO3 based thin 

films loaded with Ag like noble metals. The samples were characterized by various techniques: 

like XRD, SEM, TEM and BET to know the stoichiometry, crystal structure, morphology and 

surface area. The dopants content was varied from 0 to 4 at.% and its effect on structural , 

morphological and the gas sensing properties have been studied with respect to different 

operating temperatures. 

Keywords: Ag-WO3, Sol–gel spin coating, H2 Gas sensor. 

1. Introduction 

Semiconducting oxide gas sensors have been used to warn of explosive gases since 

the1960s, but more recently other applications in which semiconducting oxide may be employed 

as sensor materials have been considered, including detection of air pollutants and improving 

fuel efficiency in industrial combustion processes. The reducing gas depletes the coverage of 

adsorbed oxygen ions on the sensor surface and supplies electrons to the conduction band, 

leading to a fall in resistance [1]. A current goal in sensor research is to improve the sensor 

selectivity by eliminating similar responses from interfering gases. It has been found that the 

sensor selectivity and sensitivity may be altered by the addition of second oxide phases and 

elemental metals [2]. It is well known that the loading of the metal oxide matrix with catalyst 

nanoparticles (e.g., surface functionalization of the nanostructured metal oxide) may lead to 

significant improvements in response, selectivity, long-term stability and cross-sensitivity to 
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ambient moisture. The sensitivity of metal-oxide gas sensors can be substantially improved by 

dispersing a low concentration of additives, such as Pd [3, 4], Pt [5], Au [6, 7], Ag [8, 9] etc. on 

oxide surface or in its volume. Although doping has been used for a long time now in preparation 

of commercial gas sensors, the working principle of additive-modified metal-oxide materials is 

stillnotcompletely understood. In particular Ag has been widely employed as sensitizer in metal 

oxide films for developing hydrogen sensors [10-12]. 

WO3 is a promising hydrogen gas sensing material [13-15]. It has high diffusion 

coefficient for oxygen vacancies [16]. WO3 shows sensitivity towards oxidizing gases such as 

NO2, O3, Cl2, however, for reducing gases like H2, CO, NH3etc, surface modification by noble 

catalyst (Pd, Pt, Au) is essential [17]. Addition of catalyst facilitates the chemical reaction by 

lowering the activation energy between the surfaces of metal oxide and target gas. 

In present work, we have prepared WO3 based thin films by doping the noble metal Ag in 

the amount of 0-1.5 wt.% in WO3semiconductor. Sol-gel spin coating method was used for 

preparation WO3based thin films. Scanning electron microscopy (SEM), X-ray diffraction 

(XRD) and high- resolution transmission electron microscopy (HRTEM) have been used to 

determine the morphology, phase composition, and microstructure of the layers grown. In order 

to calculate the sensitivity, the electrical resistance of a sensor was measured in the presence and 

absence of hydrogen gas at a concentration 30-300 ppm in dry air. The material 0.5 wt% Ag-

dope WO3was found to be the optimum composition for the maximum sensitivity and selectivity 

at an operating temperature 150°C. The cross sensitivity of the sensor was also studied to other 

gases, including CO, LPG andH2S. 

2. Experimental 

2.1 Synthesis of Ag-WO3 thin films 

Nano crystalline WO3thin films were prepared by a sol–gel spin coating process using of 

ammonium tungstate, glycerin, ethyl alcohol (C2H5OH) and de-ionized water as precursors. 0.1 

M ammonium tungstate was dissolved via 70 mL of pure ethanol and placed in covered flasks. 

The resulted sol solutions placed in closed flasks and stirred by magnetic stirrers for 3 h and kept 

at 75˚C for 6. Moreover, glycerin (C3H8O3) was added to a volume ratio of 1:12 in order to 

eliminate cracks [17]. After refluxing for 48 h at room temperature using a magnetic stirrer, a 

homogeneous mixture of precursors was formed with hydrolysis and condensation processes. 

This step was followed by an ageing process by leaving it in open air for 24 h. Pd doped sols 
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with two different concentrations (2 wt.% and 4 wt.%) were prepared by adding an appropriate 

amount of silver nitrate (AgNO3.2H2O, purity–99.97%) in a ammonium tungstate solution in its 

initial preparation stage. Pure WO3and Ag-doped WO3thin films were deposited on glass 

substrates using a sol–gel spin coating process with a spinning speed of 4000 rpm for 40 s. Each 

deposited layer was pre-sintered at 180˚C for 30 min before depositing the next layer. Post-

sintering was done at 450˚C for 4 h. The thickness of the deposited films was measured by using 

a surface profilometer and was found approximately 100-120nm. 

3. Results and Discussions 

 3.1 X-ray Diffraction Study 

Ag doped WO3 thin films were formed by sol-gel spin coating method. A typical XRD 

pattern of the WO3 thin films obtained are shown in Figure 1. It can be indexed to a triclinic 

WO3 phase according to the JCPDS card No. 32-1395. 

 

Figure .1 XRD patterns of the Ag -WO3 thin films with various amounts of Ag; (a) pure 

WO3, (b) 0.5 wt% Ag, (c) 1.0 wt.% Ag and (d) 1.5 Wt.% Ag. 

Figure 1 shows the XRD patterns of the Ag-WO3 thin films with various amounts of Ag 

(0.5–2.0%). One can find that the peaks belonging to WO3 phase are not changes, whereas a new 

peak located at 38.1˚, belonging to the (111) deflection of face-centered cubic structured Ag 

(JCPDS card No. 04-0783), becomes stronger and stronger as the amount of Ag increases, 

indicating the separation of Ag particles from the host WO3lattice at higher concentration. The 

XRD results confirm the formation of metal Ag phase in the Ag-WO3 samples. The increasing 
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intensity of the Ag (111) peak indicates that the more the amount of Ag+ in the precursor, the 

more the amount of the metal Ag in the Ag-WO3 films. 

3.2. SEM and TEM 

Study of surface morphology of WO3based thin films has been carried out using 

Scanning Electron Microscope. Figure .2(a) show SEM micrographs of sensing elements of pure 

WO3and 0.5%Ag -WO3 thin films prepared through sol-gel method, annealed at temperature 

500˚C. Both the micrographs have been taken for the 10.00 Kx magnifications. WO3manifests 

beautiful pattern whereas the SEM micrograph of sensing element of Ag doped WO3manifests 

clustering and agglomeration of the small sized crystallites. Scanning micrographs show flakes 

of pure WO3and 0.5%Ag- WO3 scattered throughout, forming a network of pores that are 

expected to provide sites for humidity adsorption. The average grain size for the sensing 

elements of pure WO3and Ag doped WO3calculated from SEM micrographs are in the range of 

40-90nm. 

 

Figure .2(a) SEM micrograph of the (a) pure WO3 thin film and (b) 0.5%Ag- WO3. 

Figure 2(b) shows transmission electron microscope (TEM) image of prepared 0.5%Ag-

WO3nanocrystalline thin film. TEM image gives a grain size of 40 nm and this is in agreement 

with X-ray diffraction result. The diffraction pattern illustrating spot patterns of the hexagonal 

structure of WO3 indicates that the WO3 nanoparticles formed using at annealing temperature 

500˚C are highly crystalline, which is in good agreement with the X-ray diffraction result. 
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Figure. 2(b) TEM image of 0.5%Ag-WO3 thin film. 

3.3 AFM 

3D AFM image of the 0.5%Ag-WO3 film annealed at temperatures ranging from 500C is 

presented in Figure.3. The surface is made up of grains and voids with dimensions in the range 

of nanometers. The presence of these voids within the film structure is favorable because they 

provide direct conduits for gas molecules to flow in from the environment. It can be observed 

that the grain size of the WO3was found to depend on the annealing temperature.The average 

grain size found with AFM of threedifferent samples is 67 nm, which agrees well with the value 

obtained by XRD. The growth of crystallites, observed to be vertical, could be related to the low 

rate of atom mobility on surface of the substrates. 

 

Figure.3 3D AFM micrograph of 0.5%Ag-WO3 thin film. 
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3.4 Hydrogen Sensing Measurements 

3.4.1 Effect of Ag-doping and Operating Temperature: The effect of Ag-doping on 

gas sensing properties of the films is studied by making ohmic contacts using high conducting 

electrodes. The sensors at various operating temperatures are tested for 200 ppm of hydrogen gas 

at different operating temperature. The sensor resistance is determined, and utilized as the 

measure of response. At each temperature, before starting the measurements, the sample 

resistance is measured without the test gas. The resistance of the sensors decreases on exposure 

to reducinggas. 

Figure 4 shows the dependence of the response on the operating temperature for the 

undoped and Ag-doped WO3 thin film sensors calcined at 500˚C. Test has been carried out for 

the 200 ppm hydrogen gas. The response increases with the increase of temperature, because the 

gas requires enough energy to overpass the barrier between oxygen molecules- adsorbed and 

electrons from conducting band of WO3semiconductor [15]. In addition, the gas adsorption and 

reaction taken place on surface of WO3need certain activation energy. When temperature 

increases to 160˚C, a balance between the gas absorption and desorption is reached, the response 

exhibits a maximum value of the response then decreases with temperature due to the amount of 

adsorbed gas on material surface will decrease with temperature. 

 

Operating Temperature (oC) 
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Figure.4 Gas responses of Ag-doped WO3 thin films. 

By comparing the responses of different amount of Ag-doped and undoped WO3thin film 

samples at different operating temperature in Figure.4, it can be unambiguously understandable 

that the response of WO3thinfilm is improved by adding of Ag. However, the response value 

fails to persist and declines in the magnitude with the increasing dopant concentration. 

 

H2 Gas Concentration (ppm) 

Figure.5 Sensitivity of 0.5 wt.% Ag-doped WO3 thin films for various concentration of H2 

in ppm level. 

Figure.4 also indicates the effect of Ag doping on response, when the wt.% of Ag is 

lower than 1 wt.%, the WO3 has a high specific surface and small particle size that satisfy the 

requirement of a practical sensor, so the high response is observed at low operating temperature. 

As it is known, resistance of WO3 is mostly controlled by inter-grain potential barrier. Taking 

this into account, one can conclude that the addition of Ag in small concentration lowers the 

growth of potential barrier height at the inter grain interface, by increasing the chemisorbed 

oxygen at the WO3 grain surface. Based on that, incorporation of Ag-ion favour adsorption of 

atmospheric oxygen species on the thin film surface and thus creates more sensing sites to 

respond. This also contributes to gas sensing enhancement. 

3.4.2 Effect of Gas Concentration: The gas response of the 0.5wt% Ag-doped WO3thin 

film sensor to hydrogen gas concentration is shown in Figure.5, where the sensor worked at its 

own optimum operating temperatures as mentioned above As seen from it, the sensitivity 
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initially increased slowly with increasing the concentration and then linearly as the gas 

concentration increased from 250 to 1000 ppm. It is seen that the 0.5wt% Ag-doped WO3reaches 

the saturation value of sensitivity for concentration of 1000 ppm. The sensor is able to detect up 

to 200 ppm for hydrogen gas with reasonable sensitivity at an operating temperature 150°C. 

 3.4.3 Response time: Figure A6.6 shows a typical response characteristic of the sensor to 

200 ppm hydrogen gas at an operating temperature 150°C. The response time is an important 

parameter to characterize a sensor. The response time is defined as the time taken to reach 90% 

of the response (~ 90 seconds) when hydrogen gas is introduced in the chamber. Figure.6 clearly 

shows that the response is fast with 0.5wt% Ag-doped WO3thin film sensor as compared with 

undoped WO3 thin films, 1.0wt% Ag-doped WO3and 1.5wt% Ag-doped WO3thin film sensor 

thin film sensors. The effect of Ag was thus seen not only in increasing the sensitivity to 

hydrogen gas considerably but also the rate of response. This kind of sensitization has been well 

explained by an electronic interaction between the noble metal and the semiconductor oxide [18]. 

 

Response Time (sec.) 

Figure.6 Response characteristics of undoped and Ag-doped WO3 thin films to 200 ppm 

hydrogen gas at 150˚C. 

4. Conclusions 

In this study, Ag-doped WO3 nanostructured thin films with different dopant amounts are 

synthesized by sol gel spin coating method. By using X- ray diffraction and electron microscopy 

studies, it is found that Ag doping can suppress the growth of large WO3 crystallites and assist in 

a uniform growth. The gas sensing properties to hydrogen gas is tested and found that 0.5 wt.% 
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Ag-doped WO3 exhibit the best gas sensing properties which can be attributable to enhanced 

capability of adsorbing oxygen by Ag on the surface. Thus the Ag-dopant exhibit excellent 

sensor response characteristics withfast response and recovery time of 27 sec, even at low 

hydrogen gas concentration of 400 ppm. This implies a good potential of the Ag-dopant in WO3, 

for practical hydrogen sensing applications. 
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Abstract 

In this work, Gd-doped CeO2 (Ce1-xGdxO2-δ; x = 0.0. 2.0, 4.0 and 6.0 wt %) nanocomposites 

were prepared by EDTA-Glycol method. The influence of Gd doping on the microstructures and the 

optical and ionic conductivity properties of these nanoparticles has been studied using X-ray 

diffraction, FTIR, TEM, UV-VIS, SEM-EDS and impedance spectroscopy. It has been found that Gd 

doping formed a homogeneous solid solution with ceria, with a significative reduction of crystallite 

size. As compared to the pure ceria an improvement of total conductivity was achieved with a 

maximum for the highest Gd concentration of 4 wt % in the temperature range of 550–950°C.

1. Introduction

Solid oxide fuel cell (SOFC) is one of the most promising electrochemical devices for clean 

power generation due to its efficient operation, fuel flexibility (ranging from hydrogen to hydrocarbons 

and biogas), and relatively lower greenhouse gas emissions [1,2]. Comparable to other types of fuel 

cells, SOFCs have the advantage of fuel flexibility i.e. are able to work with hydrogen, hydrocarbon 

reformate and, in some conditions, with hydrocarbon fuels directly [3-5]. Furthermore, SOFCs are 

highly promising due to their enhanced resistance to fuel contamination and versatility of applicable 

combustible gases in comparison with other FC types. Presently, solid electrolytes for SOFCs working 

in medium temperature region (400–800°C) often comprise cerium oxide doped with rare earth oxides 

[6,7]. Ceria-based electrolytes possess an advantageous combination of high unipolar oxygen 
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conductivity, chemical stability in carbon- and hydrogen-containing atmospheres and an inertness to 

electrode materials, which makes them highly promising for medium-temperature fuel cells. 

Being comparable with conventionally used zirconia with respect to electric performances, 

CeO2-based electrolyte nanomaterials allow for a significant reduction of working temperature for fuel 

cells, thus providing an increased durability and simplified structure [8,9]. 

In addition, doped ceria-based electrolyte materials, such as gadolinium-doped ceria (GDC) or 

samarium-doped ceria, exhibiting an ionic conductivity than  YSZ in the temperature range of 600–

750°C [10]. However, the functional limitation of doped ceria-based electrolytes is that they exhibit 

appreciable electronic conductivity at higher temperature (≥ 800°C) and low partial pressure of oxygen 

at anode side that dictates the operating temperature of the fuel cells [11–15]. 

Many methods including ultra-sonication, ball milling, microwave, sol–gel, mechanical alloying 

and chemical-precipitation, etc. for the preparation of nanocomposite materials from the mixed metal 

oxide precursors. [15-17]. From above all well-known methods, the chemical-precipitation process is 

used as a competent technique for the production of nanomaterials, owing to effortlessness. This 

move toward is extra operative for yielding homogeneity, particularly sample without impurities, tiny 

particle size, and a short period of time. Ceria-based materials are serious candidates with samarium 

[18-20] or gadolinium [21-25] substitution to increase the vacancy concentration.  

In doped ceria, it has been reported that when the dopant ion radius is close to the critical 

radius (1.038 Å), then the doped ceria exhibits the highest oxygen ion conductivity. For this reason, 

Gd doped ceria exhibits the highest oxygen ion conductivity among the doped ceria, as radius of Gd3+ 

(1.05 Å) is closer to the critical radius (1.038 Å) [26, 27]. However, the exact composition of CeO2-

Gd2O3 system that has maximum oxygen ion conductivity is still not well defined. Mori et al. [28, 29] 

showed the domain structure in rare earth doped ceria grains and suspected that these domains 

present in grains are responsible for the higher grain conductivity of Ce0.9Gd0.1O2−δ. But, Kharton et 

al. [30] reported the higher total conductivity for Ce0.2Gd0.2O2−δ which was possibly due to a 

contribution of grain boundary conductivity. Moreover, although the Gd2O3-CeO2 system has been 

reported by several authors, few works provide a comprehensive microstructural and electrical 

analysis of 0, 10 and 20 mol% Gd2O3-doped CeO2, formed by such low temperature, soft chemical 

preparation routes. In this work, we synthesized Ce1-xGdxO2-d (x = 0, 0.1 and 0.2) nanoparticles by 

http://www.jetir.org/


 © 2024 JETIR January 2024, Volume 11, Issue 1                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2401215 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c142 

 

the sol gel combustion route for intermediate temperature electrochemical applications. The 

synthesized materials are fully characterized by their structural, chemical, microstructural and 

electrical properties. Gd doped ceria synthesized by solid-state reaction requires high sintering 

temperature and time. Hence various wet chemical methods have been used for the synthesis Gd 

doped ceria such as co-precipitation [31], combustion [32, 33], sol-gel [34, 35], hydrothermal [36], 

EDTA-citrate complexation [37] and micro-emulsion [38]. To the best our knowledge, no reports are 

available on synthesis of Gd doped ceria by EDTA-Glycol complexation method. Hence in this 

investigation, we present a systematic study of effect of pH on structural, morphological and electrical 

properties of Gd doped ceria solid solutions obtained by EDTA-Glycol method. 

2. Experimental 

2.1 Materials 

In this work, for preparation of ceria based nanocomposites, highly pure Ce(NO3)3.6H2O and 

Gd(NO3)3.6H2O were use as the source of metal ions obtained from Sigma Aldrich. The other 

chemicals used in synthesis Nitric Acid (HNO3, 65%, Merck), ethylene diamine tetra acetic acid 

(C10H16N2O8; Sigma Aldrich), ethylene glycol (C2H6O2; Merck), were used as obtained without further 

purification. 

2.2 Method of Synthesis   

The pure and Gd doped CeO2 materials were used by a modified EDTA-Glycol method [14]. 

The highly pure Ce(NO3)3.6H2O, Gd(NO3)3.6H2O were used as the precursors. These salts were 

mixed independently in de-ionized water. During meanwhile 2, 4 and 6 wt % of gadolinium nitrate 

solution were added to the above reaction mixture and continuously stirred for 30 min. The calculated 

quantity of ethylenediaminetetraacetic acid (EDTA), dilute ammonia and ethylene glycol (EG) was 

added to the nitrate solution. So formed solution was stirred and kept on a hot plate for heat treatment 

at 80°C which in turn forms a gel-like mass. The resulted mass was combusted at 300°C for 2 h 

followed by the calcination at 550°C for 5 h. On calcinations, the obtained ashes were ground in agate 

mortar to get fine homogeneous powders. Powder materials were uniaxially pressed into pellets with 

http://www.jetir.org/


 © 2024 JETIR January 2024, Volume 11, Issue 1                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2401215 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c143 

 

6 mm of diameter and 2 mm thickness, at 200 MPa. Sintering was performed in air for 10 h at a 

constant heating rate (CHR) of 2°C/min in between 1150°C to 1350°C. 

3. Characterization 

Calcined powders were studied by X-ray diffraction (XRD) using a Miniflex 600 diffractometer 

RIGAKU - Japan (Cu–Kα radiation). Data in an angular region of 2θ in the range of 20-80° were 

collected in a step-scanning mode (0:02 steps with a step-counting time of 2 s). The crystallite size, 

D, of the calcined powders was estimated using the Scherrer equation: 

D = 
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
       (3.1) 

Where, D is crystallite size, λ is wavelength of X-rays (1.5418Å), θ is the scattering angle of the main 

reflection and β is the corrected peak at full width at half-maximum (FWHM) intensity. FTIR of the as-

prepared samples were investigated by IR Affinity-1 Shimadzu- Japan. UV-visible spectra of the 

samples were studied by using UV–1800 Shimadzu- Japan. SEM-EDS studies was performed on 

Carl Zeiss NTS GMBH, Germany, SUPRA 55. TEM analysis was performed using Transmission 

electron microscope CM 200 (Philips).  

For electrical measurements, impedance spectroscopy was performed on sintered pellets of 

four samples CE, CG2, CG4 and CG6. The pellets were made by pressing 4 g of powder at 200 MPa 

in a 25 mm die and were sintered for 6 hours at the temperatures 1150°C and 1250°C. The densities 

of pellets pressed and sintered at 1250°C for 6 h as described above were determined from their 

mass and dimensions. For electrical measurements, silver contacts were applied on both the flat 

surfaces and cured at 500°C for 15 min. An impedance analyzer (KEYSIGHT-E4990A) was used to 

characterize the impedance spectra of sintered samples in the static ambient atmosphere in the 

frequency range 20 Hz to 5 MHz from 550 to 950°C.  The spectra were fitted using the Zsimpwin 

software and values for the total, bulk and grain boundary conductivities were noted.  

4. Result and discussion 

4.1 XRD analysis  

Structural Analysis Figure 1 shows the XRD pattern of the prepared cerium oxide sample. All 

the diffraction peaks of (111) at 28.64°, (200) at 33.27°, (220) at 47.76°, (311) at 56.78°, and (400) at 
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69.10° were indexed and well matched with standard JCPDS Card No. 65-5923. The patterns of 

cerium oxide samples confirmed the cubic structure of the material. The sharp and high intense peaks 

of XRD patterns confirm the high crystalline quality of the samples. The crystallite size of pure cerium 

oxide was calculated from the diffraction peaks of XRD pattern using Scherer’s formula. The average 

crystallite size was calculated using Scherrer equation were calculated from (111) peak and are 

presented in Table 1. The size of Gd doped CeO2 nanoparticles decreased with increasing the 

concentration of Gd. The average crystallite size of the crystals was found in between 43-45 nm with 

slight expansion of lattice. The crystallinity of the powder became better during the calcination at 

550°C. Crystalline phases corresponding to Gd2O3 could not be found for as-prepared powders, 

indicating the formation of solid solution. A trivial expansion in the lattice constant upon doping has 

been attributed to the substitution of the smaller Ce4+ ion (0.97Å) by the larger Gd3+ (1.053Å) ions, 

which caused strain and as light deformation no the structure. The introduction of Gd3+, ions into Ce4+ 

can cause a small shift in the cerium oxide peaks positions. Since the broadening of peaks could be 

attributed not only to crystallite size, but also to stresses created in the structure.  

 

Figure (1) XRD patterns of Gd doped CeO2 powders obtained at 550°C. 
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Figure (2) Plot against Gd concentration (mol%) for lattice parameter of as-prepared ceria-based 

materials. 

Table (1) 2θ (deg.), crystallite size (nm) and d-spacing of pure and Gd-doped CeO2 nanoparticles. 

Sample Gd  

(mol%) 

2 Theta 

(deg.) 

Crystallite size  

(nm) 

 

d-spacing Band Gap  

(eV) 

C 0.0 28.51 45.15 3.134 2.78 

CG2 2 28.49 44.24 3.132 2.65 

CG4 4 28.47 42.58 3.130 2.49 

CG6 6 28.44 44.17 3.130 2.54 

 

 

Figure (3) 3.2 Crystal growth as a function of Gd concentration. 
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Observed results are summarized and compared for better illustration in Figure 3. While the 

crystal growth was slow until reaching 4 mol% of Gd, at higher concentration the crystal growth was 

much faster. 

4.2 FTIR spectra 

Fourier transform infrared (FTIR) spectra of the as-prepared Gd-doped nanocomposites are 

shown in Figure 4. Some distinctive absorptions peaks were observed at 3436 and 1630 cm−1. Two 

strong intense bands observed at 3429 and 1624 cm−1 of pure and Gd-doped CeO2 samples are 

attributed to (O–H) vibration modes of (H-bonded) water molecules, which was due to the physically 

observed water on the sample surfaces [38, 39]. The strong band at 3429 cm−1 is attributed to the ν 

(O–H) vibration modes of the water molecules adsorbed physically. In addition, some weaker 

absorption peaks were also observed at around 2934, 2856, 1369, 1092, and 700 cm-1. The bands 

observed at 2934 and 2856 cm-1 are due to the (C–H) bonds of organic molecules absorbed during 

the sample preparation and handling [40]. Absorption at 1630 cm-1 is assigned to a systematic 

stretching vibration of the carboxylate (-COO−) group [17]. The peak at around 1092 cm−1 indicates 

the presence of the nitrate ions [18]. The bands observed in the lower frequency region at 700 and 

430 cm−1 are referred to the characteristic Ce–O vibration [19]. The band at 1369 cm-1 is assigned to 

the stretching vibration of carboxylate salts (COO¯) [41, 42]. The band observed at 1092 cm-1 due to 

the Cerium- Oxygen group with a larger double bond nature [43]. Two weaker bands observed at 

852 and 735 cm-1 are due to Cerium-Oxygen group having a lower double bond nature and of Ce–

O–Ce chains asymmetric stretching vibration of metal oxide networks respectively. The strong band 

noticed at 558 cm-1 is due to the symmetrical stretching vibration mode of (Ce–O–Ce) or (Ce–O–Gd) 

indicating the Gd ions doped Ceria nanoparticles [44]. It is to be noted that the length of the rare-earth 

metals-oxygen bond changes with dopant concentration. These shifts in peaks confirm the dopant 

stabilization in the host lattice [45]. 
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Figure (4) FTIR spectra of Gd-doped Ceria nanocomposites. 

4.3 UV-VIS studies  

The UV-VIS spectroscopic measurement was carried out to investigate the effect of Gd 

concentration on the optical properties of CeO2 nanocomposites. Figure 5 shows the UV-VIS 

absorption spectra recorded for pure and Gd-doped ceria. It can be seen that there is a strong 

absorption band below 400 nm in the spectra for all the samples, which is due to the charge transfer 

from O-2 (2p) to Ce4+(4f) orbitals in CeO2 [46]. The optical band gap values for the Gd-doped ceria 

system can be estimated from the absorption spectra following Tauc's equation [47]. 

𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)
n 

where α is the absorption co-efficient, hν is the photon energy, Eg is the band gap energy, A is a 

constant and n can have values of 1/3, 1/2, 2, and 3 for the direct forbidden, direct allowed, indirect 

allowed, and indirect forbidden transitions respectively. The calculated values of Eg for all the as-

prepared samples are given in Table 1 Undoped ceria shows the highest band gap value of 2.79 eV, 

and for Gd-doped ceria the values of the band gap decrease with the Gd concentration. Thus, the 

absorption spectra of Gd3+ doped ceria nanocrystals exhibit red shifts compared to that of pure ceria.  
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Figure (5) UV-VIS spectra of Gd-doped Ceria nanocomposites. 

In CeO2, all valance Ce states, including the 4f states, are empty, and the system is a wide 

gap insulator with a measured fundamental band gap of 6.0 eV between the valance and conduction 

bands; this is formed predominantly by the O-2 (2p) to Ce4+ (5d) states respectively [48]. However, in 

our present study, the band gap value of CeO2 is much lower than 6.0 eV (Table 1). This is because 

a small amount of Ce3+ is present at the surface of CeO2 and one electron per Ce atom populates a 

Ce 4f state, resulting in a decrease in the band gap value of ceria [49]. The red shift of the direct band 

gap may be due to the presence of oxygen defect levels between the O2p and Ce4f levels that capture 

the excited electrons and decrease the effective band gap [50]. Lastly, the doping of Gd ions creates 

ground and excited f-energy states in the mid band gap of ceria. These energy states of Gd accept 

many of the excited electrons coming from the O2p level which leads into the effective reduction in 

the band gap., i.e. a red shift [51]. 

4.4 SEM and EDS spectra  

The effect sintering temperature on morphology and density cannot be predicted by preliminary 

analyses because at a comparable density, the microstructure is completely different as visible 

in Figure 6. At sintering temperatures of 1150 and 1250°C, pure electrolytes have small grains with a 

similar uneven and rough morphology. These samples are affected by the poorest densification with 

an inadequate microstructure for the lowest sintering temperatures. By increasing temperature. The 

microstructure is always revealing small grains, many cracks, and voids, but the morphology became 

more uniform, and the relative density increases. The addition of Gd, make obvious a change in the 
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microstructure according to sintering temperature. As reported for sample GC4 in Figure 

6 microstructure with clean grain boundaries was formed at 1250°C. 

Figure 6  shows SEM micrographs of sintered GC4 samples and EDS analysis of the Gd2O3 doped 

CeO2 crystals. The average size and size distribution of the synthesized particles were below 10 

nm and uniform, respectively. The shape of the synthesized particles was nearly spherical. The 

spectrum of Gd2O3 doped CeO2 nanoparticles according to a SEM - EDS analysis. The particles 

show Gd, Ce and O pattern peaks Table 2. 

 

Figure (6) SEM of sample GC4 sintered at (A) 1150°C and (B) 1250°C                (C) EDAX spectra of 

sample GC4. 

Table (2) Elemental composition obtained for EDS spectroscopy. 

Element Weight (%) Atomic (%) 

C K 7.20 29.37 

O K 10.21 31.37 

Cu K 24.63 19.08 

Ce K 53.06 18.64 

Gd K 4.96 1.55 

Total 100.00  
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4.5 Electrical Properties  

The total resistance (RT) of as-prepared sample can be obtained by utilizing the impedance 

spectroscopy at different temperatures. The total electrical conductivity σT was then calculated 

according to the equation, 

RT = Rgrain + Rgrain−boundary     (1)  

The total electrical conductivity (σT) was then determined from the following equation –  

σ = 
𝑙

𝐴𝑅𝑇
     (2) 

where, l is the thickness and A represents the cross-sectional area of the sample. It is reported that, 

the conductivity of ceria-based electrolytes in air is based on ionic conductivity and the contribution 

of electronic conductivity is negligible [52]. In this study, the conductivity of as-prepared samples 

measured in air was treated as the oxide ionic conductivity only. The ionic conductivity (σt) in ceria-

based oxides is a temperature dependent and it can be expressed by the following empirical 

relationship – 

𝜎𝑡𝑇 =  𝜎𝑜exp (
𝐸𝑎

𝑘𝑇
)      (3) 

where Ea is the activation energy for conduction, T is the absolute temperature, k is the Boltzmann 

constant and σ0 is a pre-exponential factor. The equation can be linearised by plotting a logarithmic 

relationship between log(σtT) and 1000/T (K). 
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Figure (7)  Ionic conductivity of as prepared Gd-doped ceria nanocomposites at different operational 

temperatures. 

 

 

Figure (8)  Arrhenius plot of ionic conductivity for (I) sample Ce, (II) sample CG2, (III) sample CG4 and 

(IV) sample CG6. 

The Arrhenius plot of ionic conductivity for different dopant concentrations is presented in 

Figure 8. The plots clearly reveal a linear increase of conductivity with temperature. Conductivity for 

pure ceria is lowest and tends to increase with Gd concentration up to a maximum at 4 mol% (sample 

CG4) and when Gd concentration is 6mol%, the conductivity is found to be declined. Conductivity of 

CG2 is slightly higher than CG6. The activation energy of ionic conductivity calculated from Arrhenius 

plot are obtained as 0.84 eV, 0.98 eV, and 1.15 eV for CG4, CG2, and for pure-ceria (CE), 
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respectively; the activation energy of GDC is comparable with reported values [52-58]. The change 

in the activation energy may be attributed to an order and disorder transition of the oxygen sublattice 

caused due to successful substitution of Ce4+ ions by Gd3+ ions [59]. The activation energy is minimum 

for the SDC. This decrease in activation energy may be due to the presence of attractive interactions 

between dopant cations and oxygen vacancies [60]. Moreover, an increase in the Gd concentration 

in the ceria structure, dopant process hinders oxygen arrangement causing an increase in the 

activation energy and a decrease in the ionic conductivity for the ceria solid solutions. At lower 

temperatures, the activation energy (Ea) depends on the defect association enthalpy (∆Ha) and 

migration enthalpy (∆Hm) for conduction. At higher temperatures, activation energy is equal to only 

the migration enthalpy (∆Hm), because a great part of the oxygen vacancies is free to diffuse [61]. 

The appearance of high oxygen ionic conductivity in the solid electrolytes is determined by the 

formation of oxygen vacancies in the CeO2 matrix when Ce4+ is replaced by Gd3+ during the 

dissolution of Gd2O3 in the lattice of CeO2, which can be described by the following quasi-chemical 

equation [3]. 

Gd2O3 

𝐶𝑒2𝑂3
→    2𝐺𝑑𝐶𝑒

′  + 3𝑂𝑂
𝑋 + 𝑉𝑂

.  . 

Where 𝐺𝑑𝐶𝑒
′  is a Gd3+ ion replacing Ce4+ and yielding a negative charge, 𝑉𝑂

.  . is a positively charged 

oxygen vacancy compensating the dopant charge, 𝑂𝑂
𝑋 is oxygen atom in a regular site with a neutral 

charge. It was observed that, increased temperature in the range from 570 to 970°C leads to the 

increase in electrical conductivity of all the samples. In addition, with an increase in the concentration 

of Gd2O3, the specific electrical conductivity of the ceramics increases in the entire temperature range 

in study. The highest specific electrical conductivity in the temperature range of 550–950°C (σt = 3.3 

× 10−2 Scm-1 at 750°C) is observed for the sample CG4 containing 4 mol.% Gd2O3.  

Table (3)  Total ionic conductivity of Nd-doped CeO2 solid solutions at 750°C. 

Sample Total Ionic Conductivity  

(Scm-1)  

Activation energy (eV) 

CE 1.02 x 10-6 0.79 

GC2 2.34 x 10-4 0.87 

GC4 3.3 × 10−2 0.71 

GC6 1.43 x 10-3 0.87 
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 It has been observed that the activation energy decreases with a rise in the dopant 

concentration as shown in Table 3. The contribution of grain conductivity is a major factor for the total 

oxide ion conductivity in the doped ceria samples [62]. Thus, the amount of Gd doping affects the 

conductivity of the ceria. With the ascent in the Gd concentration, a huge expansion in the grain 

conductivity was seen because of the improvement of the charge transporters emerging from the 

creation of oxygen vacancies as a result of doping. This leads into the expansion of the crystal 

structure.  

5.  Conclusion 

The Gd-doped ceria nanocomposites with composition Ce1−xGdxO2−δ (x = 0.0, 2.0, 4.0 and 

6.0wt%) were successfully prepared by using a EDTA-glycol method. The XRD, FTIR, UV-visible, 

SEM–EDS analysis confirmed the formation of the single-phase solid solution. All as-prepared Gd-

doped ceria nanocomposites were sintered at the temperatures 1150 and 1250°C. The 

nanocomposite containing 4wt% Gd showed an essentially upgraded oxide ion conductivity in the 

order of 3.3 × 10−2 Scm-1 at 750°C with a lower activation energy, Ea = 0.71 eV. Thus, Gd-doped ceria 

nanocomposites might be viewed as a potential electrolyte material for SOFC applications. 
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Abstract 

The given workrepresents the modification in hydrogen gas sensitivity of WO3 based thin 

films loaded with Ag like noble metals. The samples were characterized by various techniques: 

like XRD, SEM, TEM and BET to know the stoichiometry, crystal structure, morphology and 

surface area. The dopants content was varied from 0 to 4 at.% and its effect on structural , 

morphological and the gas sensing properties have been studied with respect to different 

operating temperatures. 

Keywords: Ag-WO3, Sol–gel spin coating, H2 Gas sensor. 

1. Introduction 

Semiconducting oxide gas sensors have been used to warn of explosive gases since 

the1960s, but more recently other applications in which semiconducting oxide may be employed 

as sensor materials have been considered, including detection of air pollutants and improving 

fuel efficiency in industrial combustion processes. The reducing gas depletes the coverage of 

adsorbed oxygen ions on the sensor surface and supplies electrons to the conduction band, 

leading to a fall in resistance [1]. A current goal in sensor research is to improve the sensor 

selectivity by eliminating similar responses from interfering gases. It has been found that the 

sensor selectivity and sensitivity may be altered by the addition of second oxide phases and 

elemental metals [2]. It is well known that the loading of the metal oxide matrix with catalyst 

nanoparticles (e.g., surface functionalization of the nanostructured metal oxide) may lead to 

significant improvements in response, selectivity, long-term stability and cross-sensitivity to 
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ambient moisture. The sensitivity of metal-oxide gas sensors can be substantially improved by 

dispersing a low concentration of additives, such as Pd [3, 4], Pt [5], Au [6, 7], Ag [8, 9] etc. on 

oxide surface or in its volume. Although doping has been used for a long time now in preparation 

of commercial gas sensors, the working principle of additive-modified metal-oxide materials is 

stillnotcompletely understood. In particular Ag has been widely employed as sensitizer in metal 

oxide films for developing hydrogen sensors [10-12]. 

WO3 is a promising hydrogen gas sensing material [13-15]. It has high diffusion 

coefficient for oxygen vacancies [16]. WO3 shows sensitivity towards oxidizing gases such as 

NO2, O3, Cl2, however, for reducing gases like H2, CO, NH3etc, surface modification by noble 

catalyst (Pd, Pt, Au) is essential [17]. Addition of catalyst facilitates the chemical reaction by 

lowering the activation energy between the surfaces of metal oxide and target gas. 

In present work, we have prepared WO3 based thin films by doping the noble metal Ag in 

the amount of 0-1.5 wt.% in WO3semiconductor. Sol-gel spin coating method was used for 

preparation WO3based thin films. Scanning electron microscopy (SEM), X-ray diffraction 

(XRD) and high- resolution transmission electron microscopy (HRTEM) have been used to 

determine the morphology, phase composition, and microstructure of the layers grown. In order 

to calculate the sensitivity, the electrical resistance of a sensor was measured in the presence and 

absence of hydrogen gas at a concentration 30-300 ppm in dry air. The material 0.5 wt% Ag-

dope WO3was found to be the optimum composition for the maximum sensitivity and selectivity 

at an operating temperature 150°C. The cross sensitivity of the sensor was also studied to other 

gases, including CO, LPG andH2S. 

2. Experimental 

2.1 Synthesis of Ag-WO3 thin films 

Nano crystalline WO3thin films were prepared by a sol–gel spin coating process using of 

ammonium tungstate, glycerin, ethyl alcohol (C2H5OH) and de-ionized water as precursors. 0.1 

M ammonium tungstate was dissolved via 70 mL of pure ethanol and placed in covered flasks. 

The resulted sol solutions placed in closed flasks and stirred by magnetic stirrers for 3 h and kept 

at 75˚C for 6. Moreover, glycerin (C3H8O3) was added to a volume ratio of 1:12 in order to 

eliminate cracks [17]. After refluxing for 48 h at room temperature using a magnetic stirrer, a 

homogeneous mixture of precursors was formed with hydrolysis and condensation processes. 

This step was followed by an ageing process by leaving it in open air for 24 h. Pd doped sols 
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with two different concentrations (2 wt.% and 4 wt.%) were prepared by adding an appropriate 

amount of silver nitrate (AgNO3.2H2O, purity–99.97%) in a ammonium tungstate solution in its 

initial preparation stage. Pure WO3and Ag-doped WO3thin films were deposited on glass 

substrates using a sol–gel spin coating process with a spinning speed of 4000 rpm for 40 s. Each 

deposited layer was pre-sintered at 180˚C for 30 min before depositing the next layer. Post-

sintering was done at 450˚C for 4 h. The thickness of the deposited films was measured by using 

a surface profilometer and was found approximately 100-120nm. 

3. Results and Discussions 

 3.1 X-ray Diffraction Study 

Ag doped WO3 thin films were formed by sol-gel spin coating method. A typical XRD 

pattern of the WO3 thin films obtained are shown in Figure 1. It can be indexed to a triclinic 

WO3 phase according to the JCPDS card No. 32-1395. 

 

Figure .1 XRD patterns of the Ag -WO3 thin films with various amounts of Ag; (a) pure 

WO3, (b) 0.5 wt% Ag, (c) 1.0 wt.% Ag and (d) 1.5 Wt.% Ag. 

Figure 1 shows the XRD patterns of the Ag-WO3 thin films with various amounts of Ag 

(0.5–2.0%). One can find that the peaks belonging to WO3 phase are not changes, whereas a new 

peak located at 38.1˚, belonging to the (111) deflection of face-centered cubic structured Ag 

(JCPDS card No. 04-0783), becomes stronger and stronger as the amount of Ag increases, 

indicating the separation of Ag particles from the host WO3lattice at higher concentration. The 

XRD results confirm the formation of metal Ag phase in the Ag-WO3 samples. The increasing 
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intensity of the Ag (111) peak indicates that the more the amount of Ag+ in the precursor, the 

more the amount of the metal Ag in the Ag-WO3 films. 

3.2. SEM and TEM 

Study of surface morphology of WO3based thin films has been carried out using 

Scanning Electron Microscope. Figure .2(a) show SEM micrographs of sensing elements of pure 

WO3and 0.5%Ag -WO3 thin films prepared through sol-gel method, annealed at temperature 

500˚C. Both the micrographs have been taken for the 10.00 Kx magnifications. WO3manifests 

beautiful pattern whereas the SEM micrograph of sensing element of Ag doped WO3manifests 

clustering and agglomeration of the small sized crystallites. Scanning micrographs show flakes 

of pure WO3and 0.5%Ag- WO3 scattered throughout, forming a network of pores that are 

expected to provide sites for humidity adsorption. The average grain size for the sensing 

elements of pure WO3and Ag doped WO3calculated from SEM micrographs are in the range of 

40-90nm. 

 

Figure .2(a) SEM micrograph of the (a) pure WO3 thin film and (b) 0.5%Ag- WO3. 

Figure 2(b) shows transmission electron microscope (TEM) image of prepared 0.5%Ag-

WO3nanocrystalline thin film. TEM image gives a grain size of 40 nm and this is in agreement 

with X-ray diffraction result. The diffraction pattern illustrating spot patterns of the hexagonal 

structure of WO3 indicates that the WO3 nanoparticles formed using at annealing temperature 

500˚C are highly crystalline, which is in good agreement with the X-ray diffraction result. 
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Figure. 2(b) TEM image of 0.5%Ag-WO3 thin film. 

3.3 AFM 

3D AFM image of the 0.5%Ag-WO3 film annealed at temperatures ranging from 500C is 

presented in Figure.3. The surface is made up of grains and voids with dimensions in the range 

of nanometers. The presence of these voids within the film structure is favorable because they 

provide direct conduits for gas molecules to flow in from the environment. It can be observed 

that the grain size of the WO3was found to depend on the annealing temperature.The average 

grain size found with AFM of threedifferent samples is 67 nm, which agrees well with the value 

obtained by XRD. The growth of crystallites, observed to be vertical, could be related to the low 

rate of atom mobility on surface of the substrates. 

 

Figure.3 3D AFM micrograph of 0.5%Ag-WO3 thin film. 
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3.4 Hydrogen Sensing Measurements 

3.4.1 Effect of Ag-doping and Operating Temperature: The effect of Ag-doping on 

gas sensing properties of the films is studied by making ohmic contacts using high conducting 

electrodes. The sensors at various operating temperatures are tested for 200 ppm of hydrogen gas 

at different operating temperature. The sensor resistance is determined, and utilized as the 

measure of response. At each temperature, before starting the measurements, the sample 

resistance is measured without the test gas. The resistance of the sensors decreases on exposure 

to reducinggas. 

Figure 4 shows the dependence of the response on the operating temperature for the 

undoped and Ag-doped WO3 thin film sensors calcined at 500˚C. Test has been carried out for 

the 200 ppm hydrogen gas. The response increases with the increase of temperature, because the 

gas requires enough energy to overpass the barrier between oxygen molecules- adsorbed and 

electrons from conducting band of WO3semiconductor [15]. In addition, the gas adsorption and 

reaction taken place on surface of WO3need certain activation energy. When temperature 

increases to 160˚C, a balance between the gas absorption and desorption is reached, the response 

exhibits a maximum value of the response then decreases with temperature due to the amount of 

adsorbed gas on material surface will decrease with temperature. 

 

Operating Temperature (oC) 
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Figure.4 Gas responses of Ag-doped WO3 thin films. 

By comparing the responses of different amount of Ag-doped and undoped WO3thin film 

samples at different operating temperature in Figure.4, it can be unambiguously understandable 

that the response of WO3thinfilm is improved by adding of Ag. However, the response value 

fails to persist and declines in the magnitude with the increasing dopant concentration. 

 

H2 Gas Concentration (ppm) 

Figure.5 Sensitivity of 0.5 wt.% Ag-doped WO3 thin films for various concentration of H2 

in ppm level. 

Figure.4 also indicates the effect of Ag doping on response, when the wt.% of Ag is 

lower than 1 wt.%, the WO3 has a high specific surface and small particle size that satisfy the 

requirement of a practical sensor, so the high response is observed at low operating temperature. 

As it is known, resistance of WO3 is mostly controlled by inter-grain potential barrier. Taking 

this into account, one can conclude that the addition of Ag in small concentration lowers the 

growth of potential barrier height at the inter grain interface, by increasing the chemisorbed 

oxygen at the WO3 grain surface. Based on that, incorporation of Ag-ion favour adsorption of 

atmospheric oxygen species on the thin film surface and thus creates more sensing sites to 

respond. This also contributes to gas sensing enhancement. 

3.4.2 Effect of Gas Concentration: The gas response of the 0.5wt% Ag-doped WO3thin 

film sensor to hydrogen gas concentration is shown in Figure.5, where the sensor worked at its 

own optimum operating temperatures as mentioned above As seen from it, the sensitivity 
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initially increased slowly with increasing the concentration and then linearly as the gas 

concentration increased from 250 to 1000 ppm. It is seen that the 0.5wt% Ag-doped WO3reaches 

the saturation value of sensitivity for concentration of 1000 ppm. The sensor is able to detect up 

to 200 ppm for hydrogen gas with reasonable sensitivity at an operating temperature 150°C. 

 3.4.3 Response time: Figure A6.6 shows a typical response characteristic of the sensor to 

200 ppm hydrogen gas at an operating temperature 150°C. The response time is an important 

parameter to characterize a sensor. The response time is defined as the time taken to reach 90% 

of the response (~ 90 seconds) when hydrogen gas is introduced in the chamber. Figure.6 clearly 

shows that the response is fast with 0.5wt% Ag-doped WO3thin film sensor as compared with 

undoped WO3 thin films, 1.0wt% Ag-doped WO3and 1.5wt% Ag-doped WO3thin film sensor 

thin film sensors. The effect of Ag was thus seen not only in increasing the sensitivity to 

hydrogen gas considerably but also the rate of response. This kind of sensitization has been well 

explained by an electronic interaction between the noble metal and the semiconductor oxide [18]. 

 

Response Time (sec.) 

Figure.6 Response characteristics of undoped and Ag-doped WO3 thin films to 200 ppm 

hydrogen gas at 150˚C. 

4. Conclusions 

In this study, Ag-doped WO3 nanostructured thin films with different dopant amounts are 

synthesized by sol gel spin coating method. By using X- ray diffraction and electron microscopy 

studies, it is found that Ag doping can suppress the growth of large WO3 crystallites and assist in 

a uniform growth. The gas sensing properties to hydrogen gas is tested and found that 0.5 wt.% 
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Ag-doped WO3 exhibit the best gas sensing properties which can be attributable to enhanced 

capability of adsorbing oxygen by Ag on the surface. Thus the Ag-dopant exhibit excellent 

sensor response characteristics withfast response and recovery time of 27 sec, even at low 

hydrogen gas concentration of 400 ppm. This implies a good potential of the Ag-dopant in WO3, 

for practical hydrogen sensing applications. 
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1. Introduction 

In day today modern life detection of different gases play a vital role. The 

significant area of research towards gas sensing that leads to the fabrication of gas 

sensing devices which detect various harmful gases. Human body suffers from 

different diseases due to the emission of various toxic and hazardous gases. Solid-state 

sensors are among the most versatile of all sensors, as they detect a wide variety of 

gases, and can be used in many different applications. Among the unique attributes of 

the solid-state sensor are the abilities of the sensor to detect both low ppm levels of 

gases, as well as high combustible levels. Solid state gas sensors, are the excellent 

candidates to the fabrication of commercial gas sensors for a wide range of 

applications [1-5]. The development of high precision gas sensors is crucial for the 

monitoring of harmful (exhaust) gases in the environment. A variety of dangerous 

gases, such as CH4, NO2, LPG, NH3, SO2, CO, H2S, NO2, Acetone, H2, ethanol, and 

methanol, are constantly released by industry, transportation, and agricultural 

activities. Many of these gases are hazardous to human health as well as the 

environment, even at levels measured in parts per million, or ppm. Some of these 

gases, like H2, are naturally explosive when exposed to air. 

In recent years, nanomaterials based on perovskite have been used in a variety 

of sustainable applications. Their structural properties enable researchers to 

investigate functionalities in a variety of directions, including solar cells, LEM devices, 

transistors and sensors, etc. Perovskite nano-materials have been shown to have 
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remarkable sensing performance to a wide range of chemical and biological species, 

both in solids and solutions. In particular, they are able to detect small molecules (e.g., 

oxygen, nitrogen dioxide, carbon dioxide, etc.). In addition, Solid-state gas sensors are 

emerging as a viable substitute for the intended real-time functions in light of recent 

developments in the material sciences and advancements in processing and 

downsizing techniques. The greatest options for the development of commercial gas 

sensors for a broad range of such applications are solid state gas sensors, which are 

based on a variety of concepts and materials. [6-10]. 

2. Structure, Stability and Properties of Perovskites 

Perovskite is the name given to the compounds that have the formula type 

ABX3 with different sized 'A' and 'B' cations bonded to anion X [11]. ABO3 Perovskites 

exhibit good thermal stability with an eV band gap of 3–4, which is why they were 

used in a lot of gas sensing studies [12]. Perovskite materials can be employed as 

sensors for gaseous species because their stability was significantly disrupted when 

exposed to gaseous environments, such as NO2, CH4, NH3, C2H5OH, acetone, etc. [13]. 

The chemiresistive I–V, phosphorescence, and fluorescence responses of these 

perovskite materials can be used to record the sudden changes in them. However, in 

these sensing investigations, the opto-electronic characteristics of perovskites are 

crucial. Renowned contenders with remarkable attributes including electrical 

conductivity, ferroelectricity, superconductivity, catalytic activity, etc. are perovskite 

oxides. There are several ways to synthesis the naocrystalline perovskite material, 

including the hydrothermal, sol-gel, and chemical co-precipitation processes, etc. 

Because of the remarkable stability of the perovskite structure, structural flaws can be 

created when one or both of the cations in the A and B sites are partially substituted 

with other metals that have a different oxidation state. 

3. Applications of Perovskite materials  

The desirable characteristics of perovskites contributed to a significant 

development in research in recent years, indicating a genuine interest in the possible 

uses of these materials. They consist of, but are not confined to:  

• Superconductivity 

• Characteristics of catalysis 

• The unique characteristics of optoelectronics. 

Numerous companies are interested in using perovskites and are working to further 

the technology through research. Photovoltaics and optoelectronics are two 

companies that are particularly interested in perovskites: 
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Solar energy 

Since they are cheaper for production as well as greater flexible qualities than 

conventional silicon solar cells, perovskite materials present a possible substitute. 

Perovskite-based solar cells have demonstrated significant commercial promise in 

recent years, with their efficiency rising to above 25% in lab settings. The resilience and 

lifetime of these solar cells are presently being researched. 

LED 

LEDs have been around for many years, but the next generation of this 

technology will be offered by perovskite-based LEDs. Perovskite materials' 

optoelectronic qualities, which include their high photoluminescence quantum yield, 

tunability, and less expensive manufacture, have attracted the attention of numerous 

scientists and technological businesses. 

4. Review of solid state gas sensor 

Soil, water, and air pollution are the three categories into which environmental 

contamination falls. Of these three categories, air and water pollution are the main 

contributors to disasters since they spread quickly over a wide area in a short amount 

of time. Since industrial progress has dramatically expanded environmental pollution 

to such a level that public concern is now so great that it cannot be ignored any longer, 

environmental monitoring and management are absolutely necessary. Therefore, in 

order to address these environmental issues, thorough study has been done to quickly 

identify these contaminants and lower their levels to within the regulatory allowed 

concentrations. These factors have contributed to the advancement of solid-state gas 

sensor research and development in recent years. Gas sensors with metal oxides as the 

sensing medium have been widely used in gas detection applications. In fact, there is 

growing interest in gas sensing for nanocrystalline semiconducting metal oxides with 

regulated compositions, which also represent an intriguing new area of fundamental 

research [14]. Because of its oxide stability, high response, low production cost, and 

ability to respond to a wide spectrum of chemicals, semiconductor metal oxide 

nanostructures are the most preferred of all the solid state gas sensing materials. They 

respond quickly, are robust, dependable, and reasonably priced. Different types of 

solid state gas sensors are semiconductor gas sensor, optical gas sensor, 

electrochemical gas sensor, etc. Semiconductor gas sensors (SGS), known sometimes 

as chemoresistive gas sensors, are typically based on metal oxides (e.g. SnO2, TiO2, 

In2O3, WO3, NiO, etc.). Recent applied research and product releases in this sector of 

gas sensors have revealed some noteworthy developments regarding the use of 

nanotechnologies and gas-sensing layers. In the sensing industry, optical gas sensors 

are crucial for measuring chemical and biological quantities. Changes in the 

absorption spectrum were used to measure the first optical chemical sensors. Chemical 

sensors and biosensors currently employ a wide range of optical techniques, such as 
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ellipsometry, surface plasmon resonance (SPR), spectroscopy (luminescence, 

phosphorescence, fluorescence, Raman), interferometry (white light, modal, and 

optical waveguide structures), spectroscopy of guided modes in optical waveguide 

structures (grating coupler, resonant mirror), and interferometry (white light, 

phosphorescence, and fluorescence). Electrochemical gas sensors use an 

electrochemical cell, which is made up of two terminals (an anode and a cathode) of 

the same composition and a casing that holds a collection of chemical reactants 

(electrolytes or gels) in contact with the environment. A membrane on the top of the 

gas sensor enclosure allows the gas sample to pass through it. At the anode, oxidation 

happens, and at the cathode, reduction happens. 

5. Conclusion 

In this review study, the materials chosen for the construction of such gas 

sensors, and the sources of emission and regulatory standards of air pollutants are 

briefly reviewed. It has been addressed how advances in material science have led to 

the development of potential solid-state gas sensors, with the aim of comprehending 

the underlying technology and offering targeted functionality for a particular 

application. Perovskites are an extremely interesting and diverse class of materials 

which exhibit many useful characteristics that are determined by their composition. In 

the current research, we examine recent advancements in perovskite-based materials 

with excellent characteristics for application in optoelectronics and photovoltaics. 
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A matrix is a two-dimensional array of numbers, symbols, or expressions 

organized in rows and columns, typically enclosed within square brackets. Essentially, 

matrices serve as rectangular arrangements of elements, facilitating mathematical 

operations and transformations. In the context of a field F, a matrix consists of scalars 

from that field, with each element referred to as an entry. 

The history of matrices is a fascinating journey that spans centuries and 

encompasses contributions from various cultures and mathematical traditions. While 

the formal study of matrices emerged in the 19th and 20th centuries, the concept of 

arranging numbers in rows and columns dates back to ancient times. Ancient 

civilizations such as the Babylonians and Egyptians used numerical tables and arrays 

to organize data and perform calculations related to astronomy, engineering, and 

commerce. These early forms of tabular representations laid the groundwork for the 

development of matrices. 

The Chinese mathematician Liu Hui introduced methods for solving systems 

of linear equations using arrays of coefficients, an early precursor to matrices. The 

Indian mathematician Brahmagupta introduced the notion of determinants in solving 

simultaneous linear equations, a concept closely related to matrices. 

The formal study of matrices as mathematical objects began in the 19th century. 

Augustin-Louis Cauchy and Arthur Cayley made significant contributions to matrix 

theory, introducing concepts such as matrix addition, multiplication, and inversion. 

In the late 19th and early 20th centuries, mathematicians such as Évariste 

Galois, Camille Jordan, and Ferdinand Georg Frobenius further advanced the theory 

of matrices, establishing them as a fundamental tool in linear algebra. 
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The 20th century witnessed the widespread adoption of matrices in various scientific 

and engineering fields. Matrices found applications in quantum mechanics, computer 

graphics, cryptography, operations research, and many other areas. The development 

of computational methods and technologies accelerated the use of matrices, enabling 

researchers and engineers to solve increasingly complex problems efficiently. Overall, 

the history of matrices reflects the evolution of mathematical thought and the 

continual quest to understand and manipulate abstract mathematical structures for 

practical applications in science, engineering, and beyond. 

Application of Matrices  : 

Matrices are versatile mathematical structures used in various fields and applications. 

Here are some common uses of matrices: 

1.Solving Linear Systems: Matrices are extensively used to solve systems of linear 

equations. The augmented matrix and matrix operations like Gaussian elimination or 

Cramer's rule are employed for this purpose. 

2.Solving Differential Equations: Matrices are used in numerical methods for solving 

differential equations, which have applications in physics, engineering, and scientific 

computing. 

3.Eigenvalue Problems: Matrices are fundamental in eigenvalue and eigenvector 

problems, which have applications in physics, engineering, and data analysis. 

4.Cryptography: Matrices play a role in various cryptographic algorithms for secure 

data encryption and decryption. 

5.Transformations in Computer Graphics: Matrices are used to represent 2D and 3D 

transformations, including translation, rotation, scaling, and shearing, in computer 

graphics. 

6.Statistics and Data Analysis: Matrices are employed in statistical analysis, such as 

covariance matrices for multivariate analysis  

7.Quantum Mechanics: Matrices represent quantum operators and are used to 

describe the evolution and properties of quantum systems. 

8.Markov Chains: Transition matrices are used in the modeling and analysis of 

Markov chains, which describe random processes over time. 

9.Linear Programming: Matrices are used in linear programming to optimize resource 

allocation and decision-making in various fields like economics and operations 

research. 

10.Network Analysis: Adjacency matrices are used to represent relationships and 

connections in network theory, including social networks and transportation 

networks. 
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11.Image Processing: Matrices are used to represent digital images, and matrix 

operations are applied for various image manipulation and analysis tasks. 

12.Finite Element Analysis: Matrices are used in engineering simulations to 

approximate and analyse complex physical systems, like stress and strain distributions 

in materials. 

13.Game Theory: Matrices represent payoff tables in game theory, helping to analyse 

strategic interactions and decision-making in economics and social sciences. 

14.Population Modelling: Matrices are used to model population dynamics in biology 

and ecology, such as predator-prey models. 

15.Genetic Algorithms: Matrices can represent candidate solutions and are used in 

optimization algorithms like genetic algorithms. 

To be more friendly with matrices and its application:  It can be used for computer 

programming and can be used in business for budgeting, sales projection and cost 

estimation. Scientist can use a spreadsheet to analyse the result of experience. It can be 

used to compute industry income tax. Also, it can be used in allocation of resources 

and production scheduling. 

Along with its immeasurable benefits it has some limitation also. Some general 

limitations of matrices are the followings:  

1. Complicated calculations.  

2. Difficulty in finding DETERMINANT of a 4 * 4 matrix  

3. Time consuming.  

Conclusion: In conclusion, matrices stand as foundational mathematical tools that 

underpin a vast array of scientific and engineering endeavours. Throughout this 

exploration, we have witnessed the indispensable role matrices play in modelling, 

analysing, and solving complex problems across diverse disciplines. 
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