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PREFACE

Founded in 2015, Chendur Research Foundation (CRF) is dedicated to
advancing knowledge through impactful research and academic excellence.
The foundation supports innovation across various disciplines by conducting
conferences and publishing high-quality research, including papers in Scopus-
indexed journals. CRF continues to provide a platform for academicians,

researchers, and industry professionals to collaborate and share their ideas.

The CREF is organizing the International Conference on Artificial Intelligence
& Sustainable Development Goals (ICAISDGs-2025) on September 27-28,
2025. The primary aim of ICAISDGs-2025 is to bring together researchers,
industry professionals, and academicians to explore the impactful role of

Artificial Intelligence in achieving Sustainable Development Goals (SDGs).

ICAISDGs-2025 features keynote addresses and invited talks by distinguished
speakers, along with virtual presentations from researchers around the world.
The conference encourages faculty development, alumni engagement, and
active participation from young researchers to promote new ideas and

strengthen the academic and professional community.
We acknowledge the contribution of the associating institutions, experts,
invited speakers, delegates and the conference committee members for their

cooperation and excellent support in organizing this conference.

Best Wishes.
EDITORS
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DR. K. SUJITH
M.Sc., M.S.(U.K), M.Tech., Ph.D., PDF., (Computer Science),
M.Sc.(Psy), M.A.(Edn), M.A.(Yoga), M.A.(His), M.L.L.S.,
M.B.A., Ph.D.(Management)

Message
I am delighted to be part of the International Conference on Artificial
Intelligence & Sustainable Development Goals (ICAISDGs-2025). This event
provides an important platform to exchange knowledge and innovative ideas on
how Artificial Intelligence can drive progress towards achieving the
Sustainable Development Goals. 1 wish the organizers, participants, and
delegates great success in making this conference a fruitful and impactful

experience.

Dr. K. Sujith
Chief Guest
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Dr. Ramesh Cheripelli

Message
It is with great pride and enthusiasm that I welcome all participants, distinguished
speakers, researchers, academicians, and industry professionals to the International
Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGS-
2025). This event, being jointly organized by Chendur Research Foundation, Vidya
Jyothi Institute of Technology, and Annai College of Arts & Science, brings together
a diverse community of thought leaders who are united by a vision to explore, share,
and advance knowledge at the critical intersection of Artificial Intelligence and

sustainable global progress.

Today, Artificial Intelligence is reshaping every facet of modern life—from
healthcare, education, and finance to agriculture, urban planning, and climate action.
At the same time, the world faces pressing challenges articulated in the United
Nations’ 17 Sustainable Development Goals (SDGs), which call upon all sectors to
innovate for the well-being of people and our planet. This conference is a unique
platform to discuss pioneering Al techniques, breakthrough research, and impactful

applications aimed at addressing these grand challenges.

ISBN Number : 978-81-992693-9-2
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The impressive breadth of sessions—spanning intelligent systems, machine learning,
natural language processing, decision support systems, and a host of SDG themes—
offers unparalleled opportunities for deep learning, collaboration, and inspiration. I
am certain that the keynote addresses, technical paper presentations, and collaborative
exchanges will spark new partnerships and ideas that will echo far beyond this event.

I congratulate everyone whose commitment and expertise have made this conference
possible—the organizing committees, keynote and invited speakers, reviewers, and all
presenters. | encourage every participant to engage vigorously, share generously, and
aspire relentlessly towards creating a smarter, more equitable, and more sustainable
world.

Wishing all attendees a thought-provoking and rewarding conference experience!

Dr. Ramesh Cheripelli
Editor
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DR.S. BALAMURALITHARAN

Message
The CREF is organizing the International Conference on Artificial Intelligence
& Sustainable Development Goals (ICAISDGs-2025) on September 27-28,
2025. The primary aim of ICAISDGs-2025 is to bring together researchers,
industry professionals, and academicians to explore the impactful role of
Artificial Intelligence 1in achieving Sustainable Development Goals
(SDGs).The conference will provide a platform to discuss key Al applications
across diverse fields such as healthcare, education, transportation, e-commerce,

finance, manufacturing, marketing, and more.

Dr.S.Balamuralitharan

Conference Chair
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Conference Committees

Chief Guest

DR. K. Sujith

M.Sc., M.S.(U.K), M.Tech., Ph.D., PDF., (Computer Science), M.Sc.(Psy),
M.A.(Edn), M.A.(Yoga), M.A.(His), M.L.L.S., M.B.A., Ph.D.(Management)

Conference Chair
Dr.S.Balamuralitharan

Chendur Publishing House, Chennai

Convener
Dr.Sindhura Kannappan, Assistant Professor, MEASI Institute of Management
Dr. Shubhendu Shekher Shukla, Associate Professor, Dept of Business

Administration, SRM Business School, Lucknow

International Advisory Board

Dr. A. Ameer Rashed Khan, Assistant Professor, Faculty of Engineering and
Technology, Sharda University, Uzbekistan

Socrates Basbas, Aristotle University of Thessaloniki, Thessaloniki, Greece
Brian Caulfield,The University of Dublin Trinity College, Dublin, Ireland

Zhi Chen ,Concordia University, Montréal, Quebec, Canada

Joon-Ho Choi, University of Southern California, Los Angeles, California, United
States of America
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Finland

Becky P. Y. Loo, The University of Hong Kong, Hong Kong

Sara Paiva, Polytechnic Institute of Viana do Castelo, Viana do Castelo, Portugal
Tan Yigitcanlar, Queensland University of Technology, Brisbane, Queensland,

Australia
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National Advisory Board

B Kiran Kumar, Assistant professor,Department of CSE, SRMIST,Chennai
Dr.Deepak Kumar, Professor and Dean,School of Hospitality, GNA UNIVERSITY,
Phagwara

PROF. GURUPRASAD NAGRAJ, Chief Technology Officer Buddha Group of
Institutions Gorakhpur,Uttar Pradesh, INDIA

Dr. Ravindra S V, Principal Professor & Head, Dept of oral medicine and Radiology,
MNR DENTAL COLLEGE AND HOSPITAL

Dr.Balamurugan, HOD, Department of Physics, SRM Institute of Science and
Technology, Ramapuram campus, Chennai

Dr. Sunitha JD, Professor & Head DEPT of Oral pathology, MNR DENTAL
COLLEGE AND HOSPITAL

Dr. Raghu N, NSS Programme Officer, Associate Professor, Dept of EEE, Faculty of
Engineering & Technology, Jain Global Campus , JAIN (Deemed-To-Be-University),
Karnataka

Dr. Jyoti Prakash, Amity Institute of Biotechnology, Amity University Uttar
Pradesh, Lucknow Campus, Lucknow, UP, India

Organizing Committee

Dr Someshwar Siddi, Associate Professor, Department of FME,

St. Martin’s Engineering College, Dhulapally, Secunderabad-500100

Dr. R. Rajkumar, Assistant Professor, Department of DSBS - School

of Computing, SRM Institute of Science and Technology,Kattankulathur
Dr.Naseemoon Shaik, Associate Professor,

Dept of Pedodontics & Preventive Dentistry,

MNR DENTAL COLLEGE AND HOSPITAL SANGAREDDY, Telangana
DR.NIVETHA MARTIN, Assistant Professor,Department of Mathematics,
Arul Anandar College Autonomous, Karumathur

Dr.B.Amutha, Professor,School of Computing,

SRM Institute of Science and Technology, Kattankulathur, India.

Dr. Pudi Sriharsha, Associate Professor,Dept of Prosthodontics and crown & Bridge,

MNR DENTAL COLLEGE AND HOSPITAL SANGAREDDY, Telangana
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Dr. Ruchi Yadav, Amity Institute of Biotechnology,
Amity University Uttar Pradesh, Lucknow Campus, Lucknow, UP, India

Keynote Speakers

Dr. Dev Baloni ,Associate Professor, Dept of Computer Science and Engineering,
Quantum University, Roorkee, Uttarakhand

Mr. Aashish Samuel, Assistant Professor, School of Hospitality GNA
UNIVERSITY,PHAGWARA

Prof. (Dr.) Sailesh Surya Narayan Iyer, Professor and I/c. Principal Narnarayan
Shastri Institute of Technology- Institute of Forensic Sciences and Cyber Security,
Ahmedabad( Affiliated to National Forensics Sciences University, Gandhinagar).
Dr. Indrajit Ghosal, Associate Professor and Research Coordinator, Brainware

University, Kolkata

Invited Speakers

Dr. S SRIRANJANI MOKSHAGUNDAM, BGS B-School, Bangalore
Dr.K.Hima Bindu, Assistant Professor,Dept of Biomedical Engineering
VIGNAN UNIVERSITY,Guntur Andhra Pradesh

Dr. B. Kavya Santhoshi, Assistant Professor,Dept of Electrical and Electronics,
School of Engineering, Godavari Global University

Dr. Hiroj Bagde, Professor and Head, Department of Periodontology,

CDCRI, Rajnandgaon, Chhattisgarh, India
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Program Schedule

Day 1 - 27.09.2025

Speakers

10.00 am Introduction

Prof.Dr.S.Balamuralitharan
Conference Chair

Dr.Sindhura Kannappan,

Dr. Shubhendu Shekher Shukla
Conference Convener

WELCOME ADDRESS

Dr.Deepak Kumar

Professor and Dean, School of Hospitality
GNA UNIVERSITY,Phagwara

10.10 am

CHIEF GUEST

Dr. K. Sujith

Dean & HoD, PG & Research,

Dept of Computer Science, Associate Professor,
Dept of Computer Applications

(AICTE Approved),Annai College of Arts & Science,
Kovilacheri, Kumbakonam - 612 503.

10.30 am

)- .
N

GUEST OF HONOUR

Dr. Ramesh Cheripelli

Professor, Dept of Computer Science & Engineering
Vidya Jyothi Institute of Technology

ISBN Number : 978-81-992693-9-2
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Dr. Indraijit Ghosal

10.40 am Keynote Speaker || Associate Professor and Research Coordinator
Brainware University, Kolkata
Dr. B. Kavya Santhoshi
Assistant Professor, Dept of Electrical and
11.00 am Invited Talk 1 , P , ,
Electronics,School of Engineering,
Godavari Global University
Dr.K.Hima Bindu
.20 am Invited Talk 2 Assistant Professor,Dept of Biomedical Engineering
VIGNAN UNIVERSITY,Guntur Andhra Pradesh
Oral [ Poster
11.40 am / : Abstract No 1- 25
Presentation
1.00 pm Lunch Break
Mr. Aashish Samuel
Assistant Professor,
2.00 pm || keynote Speaker e
School of Hospitality
GNA UNIVERSITY,PHAGWARA
Dr. S SRIRANJANI MOKSHAGUNDAM
220 pm Invited Talk 3 BGS B-School,
Bangalore
Oral [ Poster
2.40 pm / : Abstract No 26 - 50
Presentation
5.00 pm CONFERENCE CLOSES FOR THE DAY

14
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Day 2 - 28.09.2025

Prof. (Dr.) Sailesh Surya Narayan lyer

Professor and I/c. Principal

Narnarayan Shastri Institute of Technology-
Institute of Forensic Sciences and Cyber Security,
Ahmedabad( Affiliated to National Forensics
Sciences University, Gandhinagar)

10.00am | keynote Speaker

Dr. Hiroj Bagde

Professor and Head,

Department of Periodontology,

CDCRI, Rajnandgaon, Chhattisgarh, India

10.20 am Invited Talk 4

10.40 am Oral [ Poster

. Abstract No 51 -75
Presentation

1.00 pm Lunch Break

Dr. Dev Baloni
2.00 bm Associate Professor,
YU P Keynote Speaker . Lo
Dept of Computer Science and Engineering,
Quantum University, Roorkee, Uttarakhand

Oral [ Poster

2.20 pm i Abstract No 76 onwards
Presentation

To

5.00 pm Best Paper Presentation & Award Ceremony Valediction

Vote of Thanks
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KEYNOTE SPEAKERS & INVITED TALKS

INTERNATIONAL
Students &;se,s;z;z)h Scholars CON FE R E N CE

[life members 10% discount] ON |CA|SDGS-2025

Faculty/ Academician & Indrustry

: Rs.500 SEPTEMBER 27-28, 2025
[life members 10% discount]
( ONLINE)

Keynote Speakers

i N

DR. DEV BALONI MR. AASHISH SAMUEL DR. INDRAJIT GHOSAL PROF. (DR.) SAILESH
Associate Professor Assistant Professor, Associate Professor and SURYA NARAYAN IYER
Department of Computer School of Hospitality Research Coordinator Professor and I/c. Principal
Science and Engineering GNA UNIVERSITY,PHAGWARA Brainware University, Kolkata Farna u:c.wan Slmxl;'i Insti t[:l te of
,Quantum University, Roorkee, 2 AR i
Uttarakhand [L’ch_nulogy - Institute of Forensic
Sciences and Cyber Security,

Ahmedabad( Affiliated to National
Forensics Sciences University,
Gandhinagar)

Invited Talks

i

DR. S SRIRANJANI DR.K.HIMA BINDU DR. B. KAVYA SANTHOSHI DR. HIROJ BAGDE
MOKSHAGUNDAM Assistant Professor, Assistant Professor,Dept of Electrical Professor
. ! 4 “ 5SS SSOr, ) fessor and Head,
BGS B-School, Bangalore Dem[f'/’( EX’Z’/I\I/Lg;\’;Iﬂlﬁ EEIIQIS({;%U”W and Electronics, School of Department of Periodontology,
Wbl el 2 Engineering, CDCRI, Rajnandgaon, Chhattisgarh, India
Guntur Andhra Pradesh Godavari Global University

88387 02557 aisdgs2025@chendurph.com https://chendurph.com/
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LIST OF PAPERS PRESENTED

Abstract No.

Title

Al

Al-Driven Circular Economy Models: Business Strategies for SDG-
Responsible Production and Consumption

Mr. Sanchit Pansare, Dr. Nitin Joshi,

Dr. Abhijit Chandratreya, Dr. S Balamurlitharan

A2

Authorship Attribution in Tamil Articles using Data Mining and Self-
Organizing Map Applications
M. Aniji, J. Michael Raj, G. Manimannan

A3

Millets for Enhancing Family Health and Achieving Sustainable Nutritional
Well Being

Dr Pragati Yadav, Dr Suresh Kumar Kanojjiya,

Rajeev Kumar Singh

A4

Utilizing the Wavelet Transform for Medical Image Features Extraction
Rahasa M.Sahu, Dr.Rajeev Shrivastava,
Shashikant V.Golande

AS

Revolutionizing Fashion with Al and CLO 3D: A Review of Virtual
Prototyping for Design Efficiency and Sustainability
Nikita Singh, Dr. Neha Sah

A6

Artificial Intelligence For Graduate Capacity Building: a Strategic
Approach To Achieve SDG 4 And 8

Deeptikana Choudhury, Dr. Indrajit Ghosal,

Dr. Suparna Biswas Goswami

A7

Predictive and Automated Profiling of Drug Impurities Using Al: Trends
and Innovations

Disha N.S,. Ashok Kumar B.S.,

Mamatha H.S.

A8

Study Of The Aspirations Of Disabled And Non-Disabled Children In
Inclusive Education Programmes At The Secondary Level
Dr.S.Lavanya

A9

Al in E-Governance: Enhancing Public Service Delivery and
Accountability in India
Kemsaram Saikrishna
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Artificial Intelligence for Precision Selection of Medicinal Plants: A New

Al0 Era in Phytopharmaceutical Discovery

Mamatha H.S,. Ashok Kumar B.S., Disha N.S.,

Wearable Electronics in Healthcare: Revolutionizing Monitoring,
All Management, and Personalized Care

Mouna A, Ashok Kumar BS, Disha N S

Medical Signal based Depression Classification Method using Machine
Al2 Learning: A Review and Future Research Directions

Pratiksha Deshmukh

10T - Based Mood Sensing Ambience Creator
Al3 Devata Anekar, Yashashwini Reddy, Harshada Gadade, Rishikesh

Zadbuke, Shaivi Jaiswal, Vedant Zatale

Advancing Precision Medicine: Artificial Intelligence-Driven Approaches
Al4 for Early Diagnosis and Personalized Healthcare

Ruchi Yadav

Artificial Intelligence in College Libraries: Transforming Academic
AlS Resource Management

Sudeep DK, Ashok Kumar BS, Disha NS, Mamatha HS

Harnessing Artificial Intelligence to Preserve Indigenous Ecological
Al6 Wisdom: Advancing the SDGs through Environmental Humanities

Nibedita Ghow

Artificial Intelligence for Inclusive Faculty Development and Wellbeing: A
Al7 Systematic Review of Emerging Practices Supporting SDGs in Indian

Engineering Education

Ms. Padma Ammu, Dr Jaya Rani, Professor Ajeya Jha

Sustainable Development and Gen Z: A Study of Al-Enabled Fashion
Al8 Consumption

Tshering Yankey Yolmo, Dr. Bibeth Sharma,Dr Abhijit Sarkar

Innovating Mathematics Education: A SWOT Analysis of Frontiermath,
Al19 MATH, GSM&Kk, and Chatbots

Harman Kaur, Kanika Rana

Optimizing Workforce Planning and Strategy through Al based Talent
A20 Management at Metro Rail Corporations in India

Suresh Muchipalli

The Future of Sustainable Fashion: Microbial Cellulose Vegan Leather
A21 o

Sarishti Dutt

Integrating Al Into Indian Teaching Under National Education Policy 2020:
A2 Teacher's Perspective on Holistic Development, Equity, Inclusivity in

Pursuit of SDGs

Prof {Dr.}Archana Sawshilya
A3 Multi-Heuristic Phishing Detection System Using TLS, WHOIS, and OCR

Karthik B, V Padmasree, Priyanka G

Impact of Financial Literacy on Enhancing Financial Decision- Making and
A24 Inclusive Investment: A Systematic Literature Review

Ms. Monita Rai, Dr. Kalpana Panigrahi
A25 Global Partnerships for Financial Integrity: Combating Banking Frauds in
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the Era of Digital Finance in India
Akshaya R, Dr. A. Suganthini

A26

Customer Expectation and Satisfaction Towards Online Grocery Stores in a
Metropolitan City: A Prelude to Retail Service Quality
Mahendra Reddy Bogala, Venkata Adinarayana Rao Uppu

A27

Rural Tourism's Digital Empowerment: An Examination of Homestay
Promotion Techniques in the Himalayan Area
Ms. Subekchha Pradhan, Dr. Manjari Sharma

A28

Machine learning for decoding the Synthesis Pathways of Nanoparticles
Preeti Pandey, Priyanka Gupta, Gaurav Tamrakar

A29

Survey paper on Machine learning for ransomware detection
Radhika Sreedharan

A30

Artificial Intelligence-Driven Sustainable Air Pollution Control:
Assessment of PM10-Bound Heavy Metals and Associated Health Risks in
Gurugram, India

Vandana Yadav, Vikram Mor

A3l

Eye Track: Voice Assistant and Eye Movements for Intelligent Cursor
Control
Saba Mariyam, Manikanta

A32

Future-Gen Health Assistant: Forecast And Communicate With Physicians
Harshitha K R, Manikanta

A33

Predictive Analytics for Crop Yield: Leveraging Soil Characteristics to
Enhance Farm Profit through Machine Learning
Varshitha H S, Manikanta K

A34

Deep Learning-Based Intelligent Real-Time System for Tracking Student
Focus
Pujashree G N, Vijay Kumar S

A35

Demand Forceasting for E-commerce using Machine Learning
Leela G P, Yeshashwini Bhandari K R

A36

Artificial Intelligence Techniques for Enhancing Drug Discovery and
Development Processes
Sindhu D, Dr. Siddartha B K

A37

Customer Churn Prediction with CNN, Autoencoder, K-Means, and
XGBoost: A Hybrid Deep Learning Framework
Spandana D V, Yeshashwini Bhandari K R
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INTELLIGENT TRAFFIC MONITORING: HELMET AND NUMBER

A38 PLATE DETECTION WITH YOLO AND OCR
Sneha S, Yeshashwini Bhandari K R
A39 Machine learning for decoding the Synthesis Pathways of Nanoparticles
Preeti Pandey, Priyanka Gupta, Gaurav Tamrakar
A40 Blockchain in Healthcare
Ms. Umme Hani Sharrif
Customer Churn Prediction with CNN, Autoencoder, K-Means, and
A41 XGBoost: A Hybrid Deep Learning Framework
Yashaswini S G, Yeshashwini Bhandari K R
Neural Pathways: Tumor Tracking with RNN-LSTM and the Rise of Al-
A42 Driven Healthcare Education
Nishitha B M, Yeshashwini Bhandari K R
A43 Demand Forcasting for E-commerce using Machine Learning
Leela G P, Yeshashwini Bhandari K R
INTELLIGENT FRUIT RECOGNITION : FRUIT IDENTIFICATION
A44 AND CLASSIFICATION USING DEEP LEARNING TECHNIQUES
Spandana D V, Yeshashwini Bhandari KR
Career Forge Al: Smart Prediction and Upskilling Recommender System
A45 using NLP and ML
Pallavi H S, Umme Hani Sharrif
Leveraging Artificial Intelligence in HR Practices and its impact on
A46 employee performance: A Study on Select IT Companies in Bengaluru
Anitha BR
A47 Al-Enhanced Imaging Techniques for Kidney Stone Detection
Archana B M, Manikanta K
Al in E-Governance: Enhancing Public Service Delivery and
A48 Accountability in India
Kemsaram Saikrishna
A49 Image and Audio Based Bird Species Classification Using Deep Learning
Vaishnavi Y S, Manikanta
A50 Al Chatbot with Multi-Language and Voice Support for College Enquiries
Prathima A P, Tanya R
Automated and Efficient Blood Cancer Detection from Microscopic
AS51 Images: A MobileNet-Powered Deep Learning Solution
Rakshitha S, Prasanth R Kaigaddi
Addressing Diagnostic Gaps in Parkinson’s Disease: Integrating Speech
AS2 Acoustics and Handwriting for Cost-Effective Early Screening
Meghana P, Prasanth R Kaigaddi
A53 VIOLENCE DEDUCTION SYSTEM

PRAMOD GOWDA MK, PRASHANTH R KAIGADDI

20

ISBN Number : 978-81-992693-9-2




Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

A54

INTELLIGENT SIGNATURE VERIFICATION AND FORGERY
DETECTION USING ML TECHNIQUES
PRAJWAL M N, PRASHANTH R KAIGADDI

ASS

REVOLUTIONIZING HIRING WITH SMART RESUME
CLASSIFICATION AND AI DRIVEN JOB AND SKILL
RECOMMENDATION

RUCHITHA C R, HARSHITHA HB

A56

Thin Film Technology in Achieving Sustainable Development Goals
Ms.S.Shantha, Dr.G.Parthasarathy

AS57

VITAMIN DEFICIENCY DETECTION USING IMAGE PROCESSING
AND NEURAL NETWORK
MANJUNATH P, MANIKANTA

A58

BEST PLAYING XI PREDICTION APPLICATION FOR INDIAN
CRICKET TEAM USING MACHINE LEARNING
SACHIN HK, TANYA R

AS9

Track Sphere — Centralized System for Academic Project Management
Srinivas Murthy M, Sidde Gowda C J

A60

Gesture-Controlled Home Automation (NodeMCU + MQTT)
Pallavi S S, Sidde Gowda C J

A6l

EnggGames: An Al-Enhanced Gamified Platform for Simplifying
Engineering Education
Suraja Goudar, Prof. Kavya KB

A62

Artificial intelligence and job replacement
Nagendra M

A63

Resolving the Al Energy Paradox: A Dual-Optimization Model for Smart
Grids and Green Al (SDG 7)
Sathyajith G S, Aishwarya G, Prof.Kavya K B.

A64

Study on the effect of Vamana and Virechana as interventions to decelerate
the aging process: Study protocol of a single arm pre-post test clinical trial
Dr. Devipriya Soman, Dr. Pravith N K, Dr. Ramesh N V

A65

Multi-view Clustering Methods : A Review
I. Naga Padmaja, Usha Rani Kuruba

A66

CNN-U-Net Segmentation And Real-Time Deep Learning Skin Cancer
Detection
Nishchitha S G, Umme Hani Sharrif
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A67

A PRISMA-Guided Bibliometric Review of Green Marketing and
Sustainable Consumption
SHIBLA NARGEES K, Dr. Saleena T A

A68

Analyzing Instagram Data for Student Anxiety Detection Using Machine
Learning
Aditi Yadav, Raj Yadav, Neeraj Yadav, Pratiksha Deshmukh

A69

The Rise of Multimodal Al: Trends Across Text, Video and Audio
Nikita Sinha, Dr.Shaziya Islam

A70

Artificial Intelligence and Prediction of Climate Changes Using Salesforce
Dhivya.L

ATl

Unlocking New Aspects of Healthcare through Artificial Intelligence
Sneha Panwar, Vanshika Goyal, Srijani Chaudhuri, Kuntal, Madhu
Yashpal, Seema Kalra

A72

Adoption Of Ai-Based Smart City Initiatives For Sustainable Development:
A Primary Data Study On Surat Municipal Corporation
Dr. Chintan A. Shah

A73

Innovative applications in dairy industry based on Ayurveda wisdom for
Sustainable health & livelihood
Dr. Mokana Ranee. S, Dr. Aswini. A. S, Dr. Devipriya Soman

A74

Tenancy Rights and Forced Evictions in Urban Growth: A Critical Analysis
of Partnerships within the Framework of SDG 17
NAKSHATHRA K.K, Dr. SINCY WILSON

A75

APPLICATIONS OF MACHINE LEARNING IN ASTRONOMICAL
DATA ANALYSIS
V.ANJALI

AT76

GRAPH NEURAL NETWORKS IN ARTIFICIAL INTELLIGE
NCE
V. THAMIZHAZHAGI

AT7

APPLICATION OF GRAPH THEORY IN BLOCKCHAIN
TECHNOLOGY
R.RAMYA
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A78

Exploring Opportunities, Challenges, Usage and Ethical Awareness of Al
Tools among Media Students
Miss. Induja S, Dr.Uma Maheswari P

A79

Robust Classification of Beta-Thalassemia Variants Using Support Vector
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Al-Driven Circular Economy Models: Business Strategies for

SDG-Responsible Production and Consumption
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Adjunct Faculty, Saveetha School of Engineering,
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Abstract

The artificial intelligence (AI) and the circular economy combination present the
possibilities of a breakthrough in dealing with the Sustainable Development Goal
(SDG) 12: Responsible Consumption and Production. The following paper
investigates the possibility of using Al technology (such as machine learning and
computer vision, predictive analytics, and others) to optimize annual circular
economy initiatives using business models. Combining activities of artificial
intelligence (including real-time data processing, lifecycle assessment, and automated
decision-making), Al-driven strategies allow businesses to efficiently utilize the
resources, extend product life, and create closed-loop supply chains. The paper has
developed a framework on the deployment of intelligent systems that should be
employed to facilitate sustainable industrial practices with the help of a thorough
review of the available literature, practical application in business, and a proposed Al-
enhanced approach. Case evaluation results demonstrate that measurable effects are
registered in waste minimization, resource recovery, and sustainability of the
operations. The discussion evaluates critical technological, ethical, and systemic
barriers, giving recommendations on ways future research and policies can concur
efficiently.

Keywords— Artificial Intelligence, Circular Economy, Sustainable Development
Goals (SDG), Responsible Production, Resource Optimization, Lifecycle Assessment,

Business Strategy, Predictive Analytics, Sustainable Innovation, Waste Reduction.
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Abstract

This paper examines the classification of articles written by three prominent Tamil
scholars, Mahakavi Bharathiar (MB), Subramniya Iyer (SI), and T. V. Kalyanasundaranar
(TVK), of the same period using Self-Organizing Map (SOM) and other data mining
techniques. These authors have all published several articles on India’s Freedom
Movement in the magazine India. In this study, SOM is used to explore the classification
model and visualization of the present dataset structure. To classify the writing styles and
stylistic features of the three authors, different sets of stylistic features were extracted and
used with the help of function words. The results suggest that machine learning data
mining tools are a useful tool for the analysis of large authorship databases. Finally, the
writing styles and stylistic features of the three authors were classified and visualized for
all parameters.

Keywords: Authorship, Stylistic features, Data Mining, Self-Organizing Map(SOM),

Classification and visualization.
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Abstract

Good health and well-being of families are fundamental components of sustainable
development and societal progress, as emphasized by the United Nations Sustainable
Development Goal 3. Nutritional security plays a central role in achieving this objective,
with increasing global attention on the potential of millets as climate-resilient, nutrient-
dense grains. Millets, including pearl millet, finger millet, foxtail millet, and others, are
rich sources of dietary fiber, essential amino acids, vitamins (especially B-complex), and
minerals such as iron, calcium, and zinc. Their regular inclusion in the diet can
significantly contribute to the prevention and management of lifestyle-related disorders
such as obesity, diabetes, cardiovascular diseases, and micronutrient deficiencies.Recent
reviews, including studies by Saleh et al. (2023) and Singh et al. (2022), have highlighted
the role of millets in promoting gut health, reducing glycaemic response, and improving
metabolic health outcomes. These properties make millets an effective dietary
intervention for family-based health strategies, especially in low- and middle-income
regions facing the dual burden of malnutrition and non-communicable diseases.
Furthermore, their low-input cultivation requirements align with eco-friendly and
sustainable agricultural practices, enhancing both nutritional and environmental
resilience.In conclusion, promoting millet-based dietary patterns within families offers a
holistic approach to achieving long-term health benefits, improving well-being, and

ensuring food and nutritional security for future generations.

Keywords: Millets, Family health, Nutritional security, Lifestyle disorders, Sustainable
diets, Micronutrient deficiency
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Abstract

It has three major problems in image processing: absence of phase information,
inadequate directionality, and shift sensitivity. Wavelets are useful for objects with point
singularities; but, because of their poor orientation selectivity, they are only able to
collect a limited amount of directional information. By dividing the image into a series of
high-pass and low-pass filter bands, the wavelet transform records activity in the vertical,
horizontal, and diagonal directions. Nevertheless, in noisy pictures, such as medical CT
scans, which lack prominent vertical, horizontal, or diagonal directional features, these
three linear directions are constrained and may not adequately capture directional
information. Over the past ten years, wavelet theory and applications have surely taken
center stage in journals across all disciplines of mathematics, engineering, and allied
sciences. There aren't many other mathematical science theoretical advancements that
have garnered this much interest and acceptance, been employed in so many different
fields, and possibly been so blatantly abused. What element was missing from the
enormous signal processing. What is the current state of the art, how did it all begin, and
what phases of growth did it go through? Do we still have a long way to go, or have we
hit saturation? To try to address these issues, we offer three overviews in this work. On
the conventional front, we go over applications including partial differential equation
solution, audio processing, and picture compression. We examine a number of
application domains on the unconventional front, such as economics, fractals,
nondestructive evaluation, chemistry, and neuro-research. Specifically, we include the
analysis of brain signals for Alzheimer's disease diagnosis, the analysis of ultrasonic weld
inspection signals for the identification of pipe defects in nuclear power plants, and the
monitoring of oscillations in financial markets. As we wrap up what seems to be one of
the most amazing success stories in mathematical and engineering sciences, we finally
examine recent, significant, and promising advancements like wavelet networks and zero
crossing representations.

IndexTerms— CT scans, Neuro-Research, Ultrasonic Weld Inspection Signals.
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Abstract
The integration of Artificial Intelligence (AI) and CLO 3D virtual prototyping is
redefining the landscape of fashion design by enhancing efficiency, reducing
environmental impact, and fostering innovation. This review explores how Al-driven
tools, combined with the advanced simulation capabilities of CLO 3D, are transforming
traditional sampling processes into intelligent, digital workflows. Al technologies such as
generative design enable predictive trend analysis, automated pattern making, and real-
time fit optimization, thereby significantly minimizing material waste and reducing lead
time. CLO 3D, with its photorealistic garment simulation and real-time editing features,
allows designers to visualize and iterate prototypes without the need for physical samples.
This paper critically examines recent developments, including industry applications by
brands such as Adidas, H&M and more fashion brands, who leverage these technologies
to accelerate product development cycles and meet sustainability goals. Through a
comprehensive literature review, the study identifies current challenges—such as data
integration, accessibility, and creative constraints—and suggests future directions for
more intelligent, user-centered virtual prototyping systems. Ultimately, this review
underscores the pivotal role of Al and CLO 3D in driving a more sustainable, efficient,

and digitally empowered future for the global fashion industry.

Keywords: Artificial Intelligence, CLO 3D, Virtual Prototyping, Sustainable Fashion,

Design Efficiency, Digital Sampling
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Abstract
Artificial Intelligence (Al) is changing the graduate employability domain in a profound
way as it is advancing rapidly. Since the industries are applying digitalization and
automation, there exists an imperative to implement capacity-building programs to
provide the graduates with sufficient competencies that will ensure their readiness to face
the new world. The paper addresses how Al can be leveraged as a strategic capacity
builder and have a direct role in the fulfillment of Sustainable Development Goals,
namely SDG 4 (Quality Education) and SDG 8 (Decent Work and Economic Growth).
Advanced data analytics allow Al to support the graduates in the process of getting to the
workforce by analyzing strengths, evaluating competencies, and proposing individualized
upskilling pathways. These artificial intelligence powered interventions help develop job
readiness, emphasizes continuous learning, and ensures the harmony between academic
training and present day job market needs. Moreover, Al is transforming the way of
recruitment through enhancing efficiency, transparency and fairness. Although
conventional hiring processes are highly prone to human bias, Al-based employment
technology, including algorithmic screening and predictive hiring models, favour
competency-based hiring, which leads to the improvement of employer-graduate fit. This
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paper will use the methodology of systematic literature review and assess recent peer-
reviewed publications in databases such as Scopus and Web of Science. The report
indicates that Al-aided solutions, such as adaptive learning systems and virtual
mentorship, as well as real-time feedback systems and other tools are critical to filling the
skill gap and broadening the scope of the global workforce. These technologies connect
graduates to broader networks, digital career guidance, and remote job ecosystems,
enhancing their competitiveness in a dynamic and globalized job market. Further, the
paper concludes on the need to incorporate the use of Al into education and workforce
development policies as a component of a larger capacity-building policy. A strategic,
multistakeholder approach involving educators, industry leaders, policymakers, and
technology developers is crucial for building inclusive, ethical, and scalable Al
ecosystems that serve sustainable development priorities. To sum it up, there is an
opportunity to use Al to increase graduate employability while advancing the SDG
agenda. Through equity, youth empowerment and lifelong learning, the Al-enabled
capacity building provides an enduring route to achieve the interdependent SDGs of

quality education (4) and decent work for all (8).

Keywords: Sustainable Development Goals (SDG), Employability, Artificial Intelligence
(Al), Graduate Students, Economic Growth.
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Education and Research (A Deemed to be University), Tamaka, Kolar-563103,

Karnataka, India.

Abstract
Predictive and automated impurity profiling using artificial intelligence (Al) is redefining
pharmaceutical quality control with speed, precision, and foresight. Leveraging machine
learning, deep learning, and data-driven algorithms, Al systems can forecast impurity
formation across complex synthetic routes by integrating process variables such as
reactants, solvents, and reaction conditions. These models analyse large chromatographic
and spectrometric datasets to detect and classify both known and unknown impurities,
significantly accelerating structural elucidation. Real-time monitoring and integration
with digital lab ecosystems enable continuous learning, automated decision-making, and
early risk mitigation. Innovations like generative models, digital twins, and explainable
Al are expanding impurity analysis beyond traditional limits, even replicating expert-
level reasoning. This review highlights emerging tools and discusses challenges including
data quality, model validation, and regulatory acceptance. Together, these advances mark
a paradigm shift toward intelligent, proactive impurity control fostering safer drugs,

streamlined compliance, and more efficient pharmaceutical development.

Keywords: Pharmaceutical impurities, Impurity profiling, Artificial intelligence,

Machine learning, Spectrometry, Quality control, Degradation pathways
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Abstract
Aspirations are influenced by environmental factors, which can have both positive and
negative effects. Mental health plays a crucial role, as individuals free from stress and
frustration are more likely to pursue higher goals with confidence. Historically, disabled
individuals have faced societal barriers limiting their aspirations due to a lack of
opportunities. However, advancements in education and inclusive policies have opened
doors for equal participation. As a result, their aspirations have evolved, leading to
greater ambitions and self-confidence. The increasing presence of disabled individuals in
professional fields reflects positive changes in societal attitudes. One major challenge for
visually impaired students is accessing technical education due to a lack of specialized
resources and trained educators. Many opt for fields like music, literature, and humanities,
where they find greater accessibility. Providing targeted training can equip them with
skills for professional success. Understanding aspiration differences is crucial for shaping
inclusive educational policies. By fostering a supportive environment, all students,
regardless of ability, can reach their full potential and contribute meaningfully to society.
The study of differences in the aspiration between the disabled and non- disabled children
be of immense help to identify the nature of education that can be imparted to disabled

children.
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Abstract
As governments are increasingly digitizing administrative processes, Artificial
Intelligence (Al) is emerging as a transformative force in e-governance. This paper
explores how Al is reshaping public service delivery and governance accountability in
India, focusing on platforms such as UMANG, Digilocker, Aadhar enabled public
distribution systems, and Al- powered grievance redressal mechanisms. Using a
qualitative, case based methodology, the study examines how Al applications from
Natural Language Processing in citizen helpdesks to machine learning models for fraud
detection have improved the efficiency, responsiveness, and scalability of public services.
These innovations align with the goals of SDG 16 (Peace, Innovation and Strong
Institutions) and SDG 9 (industry, Innovation and Infrastructure), promoting transparency,
institutional agility, and citizen participation. At the same time, the paper flags critical
concerns around the rapid deployment of Al in public systems. These include algorithmic
opacity, data consent gaps, exclusion of digital rights, the paper unpacks these challenges
through grounded analysis. The Paper proposes a model for Responsible Al in e-
governance emphasizing publicly auditable algorithms, open source development,
inclusive design,and human in the loop systems. By critically evaluating current
deployments and outline a roadmap for ethical Al integration, the study contributes to

ongoing debates on Al policy, equity, and state citizen relationships in the digital era.

Keywords: Al in E-governance, Public Service Delivery, Algorithmic Accountability,

SDG 16, Digital Inclusion, UMANG, Aadhaar.
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Abstract

Medicinal plants have been the source of conventional remedies and new drug discovery,
providing an enriched treasure of bioactive compounds. However, traditional selection
procedures are slow, subjective, and greatly dependent upon ethnobotanical information.
The incorporation of Artificial Intelligence (AI) is revolutionizing this paradigm,
incorporating machine learning, deep learning, and natural language processing in order
to increase the precision, speed, and width of medicinal plant inquiry. Al provides
predictive modeling of phytochemical bioactivity, automated identification of plant
species from photographs, and large-scale extraction of ethnopharmacological
information, incorporating ancient texts as well as indigenous knowledge, previously
unavailable at scale. In addition, Al-enabled incorporation of multi-omic information
(genomics, transcriptomics, and metabolomics) presents new opportunities in the
discovery of new compounds as well as new biosynthetic pathways. Rising innovations
like generative Al models for virtual compound prediction, Al-enabled conservation tools
incorporating satellite information, as well as Al-enabled phytotherapy recommendations
personalized, herald a new era in the field of phytomedicine. In spite of current
challenges data bias, transparency, as well as ethics surrounding biopiracy the
intersection of Al along with plant sciences represents unprecedented promise. This
review describes the current cutting-edge Al applications in medicinal plant selection and
charts the future where intelligent systems, besides speeding drug discovery, facilitate
sustainability, equity, as well as precision in natural product research.
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Abstract

Wearable health technologies have advanced significantly, transitioning from basic
fitness trackers to sophisticated medical-grade devices that enable real-time, patient-
centered monitoring. Leveraging innovations in sensor design, wireless communication,
and artificial intelligence, these devices now facilitate continuous, non-invasive tracking
of vital signs beyond traditional clinical settings. This review systematically evaluated
127 peer-reviewed studies published between 2018 and 2023, focusing on four key
domains: sensor reliability, clinical impact, user adoption, and regulatory compliance.
Key findings include a 97.3% accuracy rate in heart rate variability detection, 89%
sensitivity in Al-driven hypoglycemia prediction, and a 42% improvement in
hypertension management. Epidermal sensors exhibited high thermal precision (+0.02°C),
and respiratory wearables contributed to a 37% reduction in COPD exacerbations.
However, challenges remain, including data instability during motion (reported in 28% of
studies) and interoperability issues (34%). Furthermore, only 41% of devices adhered to
IEEE 11073 data standards. Future advancements should prioritize sensor fusion,
explainable Al, and robust cybersecurity to facilitate broader clinical integration and

acceptance.

Keywords: Wearable electronics; Healthcare; Remote patient monitoring; Digital health;
Sensors; Telemedicine; Chronic disease management; Personalized medicine.
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Abstract

Among mental health disorders, depression is the most harmful, impacting both
individuals and society. Currently, this disorder affects 280 million people globally.
Therefore, using machine learning algorithms to predict this disorder helps individuals
detect depression at an early stage and provides additional support. In this paper, our
focus is on reviewing depression classification methods that utilize machine learning
algorithms for medical signals. In the medical signals, ECG, EEG, and wearable devices
are used for data collection. Followed by preprocessing of this dataset to prepare it for the
machine learning algorithm by passing it through filters, extracting features, and splitting
it into training and testing ratios. Next, machine learning and its subfield, deep learning
algorithms, are utilized for depression classification. In the literature, binary and multi-
class depression classification is done by various authors, and evaluation is done using
the various performance metrics, including accuracy, recall, precision, and F-score.
Based on this review, we have defined the future research directions to enhance the
depression classification method by hyper-tuning the parameters of the pre-processing
and ML algorithms using the metaheuristic algorithms. Also, SHAP and LIME analysis

on the collected data to determine which factor plays an important role in the depression.

Keywords— Deep Learning, Depression, Detection, Disorder, ECG, EEG, Machine

Learning, Medical, Prediction.
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Abstract

As we know, emotions play a vital role in human life, influencing how we think, act, and
interact with our surroundings. This project presents a small-scale prototype that
demonstrates how mood detection can be used to personalize ambient experiences using
simple hardware and deep learning. Facial expressions are captured using a webcam and
processed using a Convolutional Neural Network (CNN) trained on the FER-2013 dataset
to identify emotions such as happiness, sadness, anger, surprise, neutral, disgust and fear.
Based on the detected emotion, an Arduino Uno changes the color of an RGB LED and
plays a playlist via the YouTube API to match the mood. The aim of this project is to
simulate how real-time emotion recognition can interact with IoT components to create a
responsive environment. While it does not control an actual room or play music
autonomously due to hardware constraints, the working model ef ectively showcases the
concept and lays the foundation for larger, real-world systems that could improve mental
wellness and user experience intelligent systems that can recognize and respond to human
emotions.This system hold great potential in enhancing user experience, especially in
fields like healthcare, entertainment, smart homes, and education. Recent studies have
shown that emotion-aware interfaces can significantly improve cognitive performance
and user satisfaction in adaptive systems. However, most commercial emotion-responsive
systems remain out of reach for small-scale developers and students due to their
complexity and cost. This project aims to bridge that gap by building a compact and af
ordable prototype that demonstrates the core idea of emotion-aware systems using readily
available hardware and open source tools.

Keywords — Facial Expression, CNN, Emotion Recognition, IoT, responses. Arduino,

Emotion-aware
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Abstract

The integration of Artificial Intelligence (Al) into healthcare systems is revolutionizing
disease diagnosis, treatment planning, and patient management. This study explores the
development and application of Al-driven models for early disease detection and
personalized therapeutic interventions, with a focus on multi-modal healthcare datasets.
Leveraging deep learning architectures, including convolutional neural networks (CNNs)
and transformer-based models, we analyzed diverse clinical data sources ranging from
medical imaging (MRI, CT scans, histopathology) to electronic health records (EHRs)
and genomic profiles. A multi-layered decision-support pipeline was designed to predict
disease onset, stratify patient risk, and recommend individualized treatment regimens.
Performance evaluation on benchmark datasets for oncology and cardiovascular diseases
demonstrated high diagnostic accuracy (AUC > 0.95), superior to conventional statistical
models. Explainable Al (XAI) techniques, such as SHAP and Grad-CAM, were
integrated to enhance interpretability and clinician trust. Furthermore, federated learning
frameworks ensured data privacy while enabling model training across distributed
healthcare institutions. The study also assessed the ethical, legal, and societal
implications of Al adoption, emphasizing bias mitigation, transparency, and regulatory
compliance. Our findings underscore the transformative potential of Al in achieving
predictive, preventive, and personalized healthcare, paving the way for real-time clinical
decision support systems. Future work will focus on large-scale validation in multi-center
clinical trials and integration into existing hospital information systems. This research
highlights how AI, when combined with robust data governance, can accelerate the

transition towards precision medicine and improve patient outcomes globally.

Keywords: Precision Medicine, Artificial Intelligence, Diagnosis, Personalized
Healthcare
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Abstract
In the evolving landscape of higher education, Artificial Intelligence (Al) is transforming
the role and functionality of college libraries, transitioning them from traditional
repositories of knowledge into intelligent academic ecosystems. Al enhances operational
efficiency, user experience, and resource optimization through applications such as
automated cataloging, intelligent information retrieval, and personalized learning systems.
Al-powered search engines and virtual assistants improve information accessibility and
streamline user interactions, while predictive analytics support strategic collection
development aligned with institutional goals. Furthermore, Al facilitates inclusive
services by offering adaptive technologies for users with disabilities. However, despite
these advancements, the integration of Al presents notable challenges including privacy
concerns, algorithmic bias, the need for continuous staff training, and high infrastructure
costs. Addressing these issues requires ethical considerations, transparency, and
sustainable planning. Overall, Al empowers college libraries to be more agile, user-
centric, and responsive to the changing academic environment. By embracing Al,
libraries can play a pivotal role in advancing digital literacy, enhancing research support,
and fostering academic success in a data-driven world. This paper explores the
multifaceted impact of AI on library services, benefits, challenges, and future

implications for academic institutions.

Key words: Artificial Intelligence, Academic library, Automated cataloging,

Personalized learning system, Data Driven world.
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Ecological Wisdom: Advancing the SDGs through Environmental

Humanities
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Abstract

Today the world is facing a mounting climate crisis and extensive ecological
deterioration, which has initiated a need to look back at Indigenous Knowledge Systems
(IKS) that have traditionally held tenets of sustainability. Environmental Humanities as
an interdisciplinary discipline offers the critical agenda to discover how cultural
narratives, oral cultures, and eco-centric thought can be adapted into contemporary
sustainability frameworks. In this study, the researcher aims to discuss the potential of
Artificial Intelligence (Al) to transform and preserve indigenous ecological knowledge
for the attainment of the United Nations Sustainable Development Goals (SDGs),
specifically SDGs 13 (Climate Action), 15 (Life on Land), and 11 (Sustainable Cities and
Communities). In order to record, examine, and disseminate indigenous biodiversity
conservation practices, the project strives for a digital humanities approach that uses Al-
driven techniques including machine learning, natural language processing, and archival
digitization. In addition, the paper also explores the ethical frameworks needed for
cultural sensitivity and community engagement in Al design and implementation.
Western models of Al governance often prioritize individualism and technological
determinism, leading to potential ethical gaps when applied across different cultural
contexts. For instance, Western approaches to data privacy and ownership typically view
data as an individual asset, whereas many Indigenous communities, including the Maori
and Navajo, consider knowledge and data as communal resources that should be
governed through collective rights and responsibilities. Forest-dwelling community case
studies in India demonstrate how environmental humanities can inform Al technologies
so that they become not just tools of preservation, but of empowerment and co-creation.
By connecting technological advancement with cultural insight, this paper contends that
there is a need for a broader, more decolonial sustainability science, and at the same time
it advocates for a multi-disciplinary association among Al specialists, ecological
humanists, linguists, and indigenous people to ensure that progress is not at the expense
of obliteration.

Keywords: Environmental Humanities, Indigenous Knowledge Systems, Artificial
Intelligence, Natural Language Processing, Sustainable Development Goals
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Abstract

Background: The practice of Artificial Intelligence (Al) in higher education has extended
noticeably, still its position in supporting faculty wellbeing and inclusive development
remains insufficiently studied, particularly in the Indian engineering education sector. These
issues are closely associated to the broader objectives of Sustainable Development Goals—
exactly SDG 4 (Quality Education), SDG 5 (Gender Equality), and SDG 9 (Industry,
Innovation, and Infrastructure).

Objectives: This study determination to explore how Al-driven participations have been used
to support faculty development, psychological wellbeing, and established inclusivity, based
on a systematic review of enduring secondary data sources from 2016 to 2025.

Methodology: The assessment analyzed 38 secondary sources, including peer-reviewed
articles, policy documents, and institutional case reports found from academic databases.
Studies were designated based on their significance to Al applications in faculty engagement,
emotional health monitoring, workload balancing, and inclusive practices. A thematic
analysis was conducted to identify recurring patterns and institutional approaches.

Findings: The enquiry recognized four principal scopes of Al application: (1) emotional
wellbeing supervising, (2) intelligent comment and performance following, (3) assignment
management systems, and (4) digital platforms improving inclusive contribution. While these
applications proved positive effects on job satisfaction, emotional flexibility, and diversity
awareness, the review also noted several limitations—such as ethical concerns, infrastructural
constraints, and a lack of India-specific empirical validation.

Conclusion and Future Scope: Al has shown probability in strengthening faculty support
systems when applied with ethical and institutional sensitivity. Additional research is needed
to evaluate these tools in real-time institutional settings, develop culturally responsive Al
frameworks, and integrate them meaningfully into faculty development policies aligned with
the SDGs

Keywords: Artificial Intelligence, Faculty Wellbeing, Inclusivity, Secondary Data Review,
Sustainable Development Goals
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Abstract

The study of the fashion industry and Generation Z consumer behaviour toward artificial
intelligence-enabled innovations reveal that Al has the untapped ability to motivate the
industry to operate in a manner aligned with the SDGs through encouraging responsible
consumption from Gen Z. It also provides policy recommendations, ethical Al
frameworks, and directions for further research to reinforce the enduring sustainability of
the sector. The United Nations Sustainable Development Goals (SDGs), Generation Z
(Gen Z) consumer behaviour, and Al-enabled innovations in the fashion industry are
reshaping the global apparel environment. Gen Z are engaging the digital culture and
exhibiting high levels of environmental and ethical concern to advance SDG 12
(Responsible Consumption and Production) and SDG 13 (Climate Action). The fashion
industry is becoming Al-enabled with innovations like personalised recommendations,
virtual try-ons, and a more optimised supply chain, which helps in making fashion more
sustainable, overproduction can be reduced, while encouraging a circular economy. To
examine this, a systematic literature review was conducted, which included peer-
reviewed articles and empirical studies published between 2015 and 2025, sourced from
various databases. It was found that Gen Z, as a consumer cohort, cares for
environmental sustainability and participates in sustainable consumption through Al-
powered platforms. There are also persistent, unresolved issues, such as the sustainable
choice mechanisms of social media and digital platforms, Al algorithmic discrimination,
data privacy, and the intention-action gap, which hinder impact.

Key words: Generation Z, Sustainable Fashion, Artificial Intelligence (AI), Sustainable
Development Goals (SDGs), Responsible Consumption.

43

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

ICAISDGs-2025-A19

Innovating Mathematics Education: A SWOT Analysis of
Frontiermath, MATH, GSMS8Kk, and Chatbots

Harman Kaur, Kanika Rana

Chandigarh University, Mohali - 140413, Punjab

Abstract
The role of technology in accelerating mathematics teaching and learning has grown
significantly. Over the past decade, there has been a surge in the adoption of graphic
calculators and computers. And, computers are increasingly used to access and assess
online information and to create new content for math classrooms. Research indicates
that strategic technology use can enhance conceptual understanding and enable access to
higher-level processes without sacrificing traditional paper-pencil skills. This article
investigates how emerging technologies—such as Frontiermath, MATH, GSMS8k, and
Al-powered chatbots—are transforming mathematics education. Through a SWOT
(Strengths, Weaknesses, Opportunities, Threats) analysis, it evaluates the potential and
challenges of these tools in improving student engagement, personalization, and teaching
efficiency in math classrooms. These advancements allow students to focus on
exploration, reasoning, conjecture, and problem-solving, rather than being bogged down

by rote memorization, repetitive drills, or symbolic manipulation.

Keywords:- Mathematics education, Math word problem, Artificial Intelligence.
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Abstract
The rapid expansion of metro rail networks in India has created a pressing need for
efficient workforce planning and strategic talent management. Traditional human
resource approaches often fall short in addressing the dynamic demands of large-scale,
technology-driven operations. This paper explores the application of Artificial
Intelligence (AI) in optimizing talent management practices within Metro Rail
Corporations across India. By leveraging Aldriven analytics, predictive modelling, and
intelligent workforce allocation, organizations can enhance recruitment accuracy, forecast
skill requirements, reduce attrition risks, and improve overall operational efficiency. The
study highlights key Al applications such as automated competency mapping, workforce
scheduling, and real-time performance monitoring. It further examines implementation
challenges, including data integration, employee adaptability, and ethical considerations.
Through case-based insights and a proposed Al-enabled workforce strategy framework,
the paper demonstrates how integrating Al in talent management can significantly
strengthen organizational resilience, reduce costs, and ensure service quality in India’s

rapidly growing metro rail sector.

Key words:- Metro Rail transport Manpower planning management, Workforce
optimization in metro rail transport with Al, Talent analytics in Metro Rail transportation
sector, NITI Aayog Al policy for metro rail transportation in India, Change management

in Al adoption in workforce deployment
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Abstract

The fashion industry, long celebrated for its creativity and innovation, is undergoing a
fundamental transformation as it confronts its environmental and social impact. The rise
of sustainable fashion marks a pivotal shift in how clothing is produced, consumed, and
perceived, driven by increasing awareness of the industry’s significant ecological
footprint. Traditional practices, especially fast fashion, have led to excessive waste,
pollution, and resource depletion accounting for 10% of global carbon emissions and 20%
of wastewater production. In response, sustainable fashion has emerged not as a passing
trend, but as an essential movement advocating ethical production, eco-conscious
materials, and circular economy models. A central element of this shift is the innovation
of plant-based leather alternatives, such as Pifiatex (pineapple leaves), mycelium
(mushroom roots), cactus, apple peels, and coconut fibers. These -cruelty-free,
biodegradable materials reduce dependency on resource-intensive livestock farming and
toxic tanning processes, while repurposing agricultural waste. Despite their promise,
challenges such as high production costs, limited scalability, and questions around
durability remain barriers to mainstream adoption. The environmental impact of
conventional textiles underscores the urgency of transitioning to sustainable alternatives.
Cotton, although natural, demands vast amounts of water and harmful pesticides, while
synthetic fabrics like polyester and nylon are petroleum-based, contributing to
microplastic pollution and greenhouse gas emissions. Dyeing and finishing processes
further pollute water systems, harming ecosystems and communities. Sustainable
materials such as organic cotton, hemp, and biodegradable fabrics like Tencel offer viable
solutions by reducing water use, chemical input, and emissions. Consumer attitudes are
also evolving, with Millennials and Gen Z increasingly prioritizing sustainability in their
purchasing decisions. This has pushed brands to embrace transparency and ethical
practices, though greenwashing remains a significant concern. While some companies use
sustainability as a marketing strategy, others are embedding it into their core values.
Regulatory frameworks, technological innovation, and consumer advocacy are essential
in driving genuine, lasting change. Ultimately, sustainable fashion is a necessity. By
aligning environmental responsibility with creative expression, the fashion industry can
become a catalyst for positive transformation. Achieving this vision requires collective
commitment from brands and policymakers to informed consumers to redefine fashion as
a force for ecological and social good.

Key words: Sustainable, Vegan leather, Biodegradable, Leather alternative, Consumer
behaviour
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Abstract
The National Education Policy (NEP) 2020 is the first educational policy of India in

the 21st century, aimed at revising and revamping the education system to create new
systems that better align with modern education. India adopted the 2030 Agenda for
Sustainable Development back in 2015, and Goal 4 of the SDG has been to provide
education that is inclusive and equitable to all. The purpose of NEP 2020 is, therefore,
to support and foster learning while meeting the critical targets and goals of the 2030
Agenda. NEP 2020 keeps teachers at the centre, as their role is fundamental for
bringing actual changes and reforms to the education system. As the world is
undergoing rapid changes, the education landscape has also changed with the
introduction of artificial intelligence (Al) and other technological advancements.
Teachers are encouraged to make use of Al for student development under the new
educational policy. The integration of Al not only changes what students learn but
also how they can learn. Al can serve as a valuable aid in classrooms, helping
teachers with the curriculum and students with new interactive methods to gain
knowledge. The study will be integrating a qualitative interview approach where
teachers will be interviewed to gain their perspective on this change, focusing on the
potential which Al adoption can bring to Indian classrooms. As Al can create
inclusive learning environments, reduce disparities in education and foster well-
rounded growth for the students, the research helps in underscoring its importance. Al
integration also strongly aligns with Goal 4, as it helps with providing more
opportunities to marginalised students and developing culturally responsive content.
The focus of the paper is thus on the Indian education under NEP 2020 and the

strategic implementation of Al within the education system.

Key words -AI  NEP 2020 ,SDGs,Inclusivity ,Euity
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Abstract
We present a modular, interpretable system for detecting phishing websites that
integrates multiple complementary detectors. These include TLS certificate analysis,
WHOIS registration heuristics, URL, JavaScript, and DOM-based lexical checks,
OCR content inspection, and visual similarity using CLIP. Implemented as a
lightweight Flask backend with a POST /scan JSON API, the system computes
normalized sub-scores for each detector. It aggregates these scores into a trust score
that classifies the website as Safe, Suspicious, or Phishing. The design focuses on
practical deployment, being Docker-friendly, capable of headless browser screenshot
capture, and allowing for configurable weights and thresholds. Additionally, it
supports reproducible evaluation using standard phishing and benign site datasets. We
describe algorithms, implementation details from the open-source repository,

evaluation methods, limitations, and future work.

Keywords—phishing detection, TLS, WHOIS, OCR, CLIP, heuristics, Flask, trust

SCore
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Abstract

Financial literacy is an essential driver of well-informed financial decision-making and
inclusive investment, especially in a world of intricate financial products, fast
digitalization, and ongoing socio-economic inequalities. This systematic review of the
literature compresses lessons from the latest empirical and conceptual research (2014—
2024) in several economies—India, Indonesia, Sri Lanka, Jordan, and other developing
countries—to assess how investment participation and inclusiveness are driven by
financial knowledge, behavioral drivers, and technological advancements. The analysis
finds that those with greater financial literacy exhibit more ability to value investment
risk, diversify investments, and interact effectively with formal financial systems.
Facilitators like social capital, digital literacy, fintech use, and community-based
initiatives increase access among marginalized groups, especially women, youth, and
rural communities. Enduring obstacles—digital divides, socio-economic disparities, and
poor outreach—still limit inclusive investment potential. According to PRISMA 2020
guidelines, the review used a structured four-phase process: (1) identification of peer-
reviewed journal articles and conference papers from databases such as Scopus, Web of
Science, and Google Scholar; (2) screening by relevance to financial literacy, decision-
making, and inclusive investment; (3) eligibility assessment using inclusion/exclusion
criteria; and (4) final selection of 32 high-quality studies for synthesis. Extraction of data
centered on methodology, study context, major findings, and policy implications.
Synthesis identifies best practices including targeted literacy programs, digital finance
embedding, and policy support and suggests a strategic framework for using financial
literacy to improve decision-making and promote sustainable, inclusive investment.

Keywords: Financial Literacy, Inclusive Investment, Decision making, Sustainable

Growth
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Abstract
The rapid digitalization of financial systems has revolutionized the banking sector,
enhancing efficiency and accessibility. However, it has also opened new avenues for
sophisticated banking frauds, often transcending national borders. In India, the rise of
digital finance—coupled with increasing adoption of online banking, mobile payment
platforms, and fintech innovations—has exposed systemic vulnerabilities that
fraudsters exploit through cyber-enabled schemes such as phishing, identity theft,

account takeovers, and cross-border money laundering.
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Abstract
This research investigates the concept of customer satisfaction and expectations towards
online grocery stores in the city of Visakhapatnam focusing on buying habits, shopping
experience, and quality of service. A sufficient sample of 500 respondents was selected
through random sampling and data was collected using a structured questionnaire. The
study examined how consumer attitudes are affected by product and service attributes,
levels of awareness, influencing factors, and demographic characteristics. The findings
indicate that the key factors to consider when buying groceries online are product quality,
cost, and promotional deals. Apart from the user-friendliness of mobile applications,
purchasers were pleased with most of the product attributes such as variety, pricing, and
shipping, with cash on delivery emerging as the preferred payment mode. Improving app
accessibility, emphasizing the benefits of digital payments, and implementing targeted
strategies to boost customer loyalty and engagement are among the suggestions. The
research enhances understanding of the quality of online retail services in the developing
countries and provides actionable recommendations for improving the consumer

satisfaction in online grocery sector.

Keywords: retail service, shopping experience, customer satisfaction, online grocery
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Abstract
With the help of homestays, rural tourism has become more popular in the Indian
Himalayan region, which includes states like Sikkim, Himachal Pradesh, and
Uttarakhand. In addition to giving visitors a comprehensive local experience,
community-based homestays are also playing a significant role in supporting
sustainable development and rural livelihoods. With a focus on the Himalayan
experience, this review paper explores how digital platforms and technologies have
strengthened the homestay sector. The paper examines a number of digital marketing
strategies, including influencer partnerships, social media marketing, listing on
aggregator websites (like Airbnb and Booking.com), and Al-powered tourism
interventions. It is based on government documents, published scholarlywork, and
international best practices. In addition, the study identifies platform dependence, lack
of internet infrastructure, and digital illiteracy as barriers faced by rural homestay
operators. It suggests policy changes and capacity-building initiatives as catalysts for
digital transformation. This paper aims to provide an integrated understanding of the
relationship between digitalization and the sustainability of rural tourism by

synthesizing existing research and mapping gaps.
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Abstract

As nanomaterials become considerably more sophisticated and are used in many
different industries, most research on nanomaterials and nanotechnology depends on
expensive experiments or intricate computations. Nanoparticles must be manufactured
with carefully specified properties in order to be used in chemical sensing, healthcare
diagnosis, catalytic processes, thermoelectric and photovoltaic technology or drugs.
Because it requires optimising several interdependent responses, exploring and
identifying processes for the production of nanoparticles with desired spectroscopic
features is a labour-, time-, and highly resource-intensive activity. Although NPs
sometimes includes many chemicals and is carried out under interconnected
experimental features, this is a time-consuming, challenging, and resource-demanding
task. This technology, machine learning (ML), provides a quicker response to
condition monitoring and optimisation for nanoparticle synthesis. This article
describes a rhythmic MF technology for the synthesis of nanoparticles that is
independent and driven by machine learning. The platform recognised conditions for
reaction for the manufacturing of nanoparticles via focused optical qualities,
performed spectroscopic NP characterisation, and used machine learning techniques
to analyse various yet prioritised spectroscopic nanoparticles' defining features. It also
used various kinds of methods and reaction times during the production of
nanoparticles that had different dimensions. In this overview, we give the outline
of significant methods that collect large amounts of data and discuss machine learning
techniques that might be applied during the preparation of NPs. We explore the
synthesis of semiconductor, metal, carbon-based, and polymeric nanoparticles using
machine learning. All things considered, this approach suggests information towards
the progress of machine learning technology in nanomaterial synthesis.

Keywords: Nanoparticle, Machine learning, Carbon based material , Semiconductors
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Abstract
The use of machine learning techniques for ransomware detection is growing in
popularity because they provide sophisticated ways to recognize and successfully
counteract ransomware threats. Malware that encrypts a victim's data and demands a
ransom to unlock it is known as ransomware. Researchers are investigating several
detection techniques in response to the increase in ransomware assaults, and machine
learning (ML) has emerged as a potential strategy. By analyzing ransomware trends
and behaviors, machine learning (ML) makes it possible to detect and stop assaults
early. Attacks using ransomware provide serious security risks to both corporate and
personal data. Successful ransomware attacks cause financial losses, reputational
harm, and verification and privacy violations for the owners of computer-based
resources. Therefore, it is essential to quickly and precisely detect malware.
Ransomware can be identified using a variety of techniques, each with pros and cons
of its own. Ransomware is a common and hazardous hack that encrypts system data
and requests payment to unlock it. Because ransomware can encrypt data and demand
payment to unlock it, it is becoming a more common cybersecurity threat. Because of
the dynamic nature of the threat, traditional ransomware detection techniques are
typically unsuccessful.The main aim of this paper is to compare various machine

learning algorithms for ransomware detection.

Keywords: ransomware, machine learning, detection.
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Abstract

Gurugram, Haryana, a rapidly growing industrial and corporate hub, has faced
significant air pollution challenges in recent years. This study aims to investigate the
concentration and potential human health risks associated with heavy metals in PM10.
In addition, the study explores the role of sustainable air pollution control strategies,
particularly the integration of Artificial Intelligence (Al) for predictive modeling and
real-time air quality management. PM10 samples were collected using glass fiber
filters over a two-year period, from October 2022 to April 2024 (excluding the
monsoon season). The samples were analyzed for heavy metal content using
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The potential health risks
associated with heavy metal exposure were evaluated using the multi-elemental
hazard index (HI), considering both non-carcinogenic and carcinogenic risks for
adults and children. The average annual PM10 concentration was found to be
significantly high (169.5 pg/m?®), exceeding the WHO 2021 air quality guidelines by
approximately 11 times and the National Ambient Air Quality Standards (NAAQS)
by three times. Among the heavy metals analyzed, iron (Fe) was the most abundant
(10.9 pg/m?). The multi-elemental hazard index highlighted cumulative health
impacts, with children being more vulnerable. Moreover, carcinogenic risk
assessment indicated a notably high probability of cancer risk for residents, as the
integrated ECR values exceeded the acceptable threshold limit (10* — 107°). The
study emphasizes the severity of PM10 pollution, high concentrations of heavy metals
and the associated health risks, especially for children, emphasize the urgent need for
stricter air quality regulations and targeted mitigation strategies. Integrating Al into
sustainable air pollution control frameworks can significantly improve forecasting,
source identification, and real-time intervention, ultimately contributing to healthier
urban living environments.

Keywords: PM 10, Heavy metals, Health risk assessment, Artificial Intelligence
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Abstract
Through the use of a Flask web application, this project introduces a multimodal
human- computer interaction system that combines voice commands and eye gazing
for hands-free computer control. The eye-tracking component, which is controlled
by PyAutoGUI, converts left-eye blinks into clicks and iris motions into mouse cursor
actions using OpenCV and MediaPipe Face Mesh. A voice assistant
provides a complete alternate form of interaction by using speech recognition and
pyttsx3 to simultaneously execute instructions like launching websites or apps (like

Notepad) and allow dictation mode for text input.

Keywords:Eye Tracking, Voice Assistant, Human-Computer Interaction, PyAutoGUI,
OpenCV, MediaPipe, Speech Recognition, Flask, Multimodal Interface
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Abstract
The Future-Gen Health Assistant is an Al-driven solution that predicts diseases based
on user symptoms and recommends specialized doctors to enable timely and
personalized medical care. Utilizing the Random Forest algorithm for disease
prediction and providing intelligent doctor recommendations, the system serves as an
accessible and scalable web-based health assistant. It enhances the decision-making
process by integrating machine learning with structured healthcare data. A user-
friendly interface and real-time results offer a seamless experience to patients,
especially in underserved regions. The project ensures efficient, accurate, and secure
healthcare assistance and lays the foundation for further integration with IoT devices,

voice assistance, and telemedicine.

Keywords: Disease Prediction, Random Forest, Machine Learning, Doctor
Recommendation, Healthcare AI, Human-Computer Interaction, Web Application,

Smart Health Assistant
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Abstract

This study introduces a machine learning-based approach to improve yield prediction and
crop selection. This research combines findings from several studies to provide a clear
view of modern agricultural advancements. Agriculture is a vital part of the Indian
economy, and accurate crop yield prediction is essential for food security and farmer
income. However, factors like unpredictable weather, irregular rainfall, and varying soil
conditions make yield prediction difficult. Traditionally, farmers rely on experience or
past trends to choose crops, often leading to poor outcomes. It highlights the key roles of
Machine Learning (ML) and the Internet of Things (IoT) in changing crop yield
predictions and farm management. Traditional farming faces major challenges from
climate change, inefficient resource use, and outdated methods. This work shows how
using ML algorithms like Random Forest, K-Nearest Neighbors, and Gradient Boosting
improves crop yield predictions, optimizes resources, and helps with precise nutrient
management [1] [6] . Additionally, loT-based smart irrigation systems and sensor
networks allow real-time monitoring of soil conditions, weather, and crop health,
providing important data to ML models for actionable insights [2] .The combined use of
these technologies leads to better crop productivity, less water use, improved fertilizer
efficiency, and a lowered environmental impact [8]. This abstract emphasizes a shift
towards data-driven, sustainable agricultural practices, which are essential for

maintaining global food security and economic stability in a changing climate.

Keyword: Crop Yield Prediction; Soil Type Classification; Machine Learning; Smart

Agriculture, Fertilizer Optimization.
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Abstract

Effective learning depends heavily on students' attentiveness, particularly in virtual
classrooms where in-person interaction and direct observation are scarce. It is now
difficult for teachers to determine whether students are actively participating or distracted
due to the growing popularity of online learning platforms. This project offers a clever,
real-time attentiveness monitoring system that uses computer vision and deep learning to
automatically identify and assess a student's level of focus based on behavioral cues
recorded by a live webcam.Important facial and postural characteristics like the Eye
Aspect Ratio (EAR), Yawn Aspect Ratio (YAR), head pose estimation, and emotional
expressions can all be detected by the suggested system. These markers aid in identifying
whether a pupil is focused, preoccupied, or sleepy. In order to identify the face region,
the live video is first processed using Haar Cascade classifiers. Following facial
recognition, the system determines EAR to monitor eye movement and blinking, YAR to
identify signs of fatigue or yawning, and estimates head direction to determine whether
the student is turning away from the screen. Additionally, facial expressions are

examined to look for indications of disinterest or boredom.

Keywords: Deep Learning, Facial Cues, EAR, YAR, VGG16, Real-Time Alert System,
Attentiveness Monitoring, and Educational Al.
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Abstract

Emphasizing minimal manual feature engineering and multi-step prediction capabilities,
the synopsis centres on creating an LSTM-based e-commerce demand forecasting model
to improve pricing strategies, inventory optimization, and supply chain planning. On the
other hand, the studies deal with comparable forecasting problems in various fields:
Ebeye et al. present a Binary Genetic Algorithm with Gaussian Process Regression
(BGA-GPR) for feature selection prior to training a Feedforward ANN for electricity
demand; Kumar et al. examine e-commerce websites for security and usability rather than
demand; Hernandez et al. offer a thorough survey of load forecasting in smart grids; Yan
et al. optimize neural networks; and Xu et al. propose a Self-Organizing Map combined
with Regression Tree (SOM-RT) processed at the network edge for real-time bike-
sharing demand prediction.Optimize neural networks with social, meteorological, and
economic inputs for mid-term energy load forecasting. This paper compares six peer-
reviewed research papers that address different demand forecasting problems across
domains like transportation, energy systems, and usability analysis with an unpublished
synopsis on E-commerce Demand Forecasting using Long Short-Term Memory (LSTM)
networks. The development of an LSTM-based forecasting model for precise multi-
product sales prediction in e-commerce is the main objective of the synopsis. On the
other, hand, the chosen research articles use a variety of hybrid and machine learning
models, such as Self-Organizing Map with Regression tree (SOM-RT), feedforward
ANN, feature selection using. Gaussian process regression (BGA-GPR), and survey-
based analytical models. This comparison finds common challenges in time-series
forecasting, feature engineering, and model optimization while highlighting differences
in application domains, methodological approaches, and performance outcomes.

Keyword: E-commerce; Demand Forecasting; Long Short-Term Memory (LSTM); Time
Series Analysis; Machine Learning; Deep Learning; ARIMA; SARIMA; SARIMAX;
XGBoost; Conformal Forecasting; Inventory Optimization; Supply Chain Management;
Seasonal Trends; Promotional Sales Prediction.
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Abstract

The traditional method of discovering new drugs is a complicated and difficult process
that can take up to 15 years and cost over $1 to $2 billion for each drug that gets
approved. This is mainly because of high failure rates and long clinical trial periods.
More than 90% of drug candidates fail even after they reach the first phase of clinical
trials. To address these issues, Deep Learning (DL) and Machine Learning (ML)
algorithms, which are parts of artificial intelligence, have been recognized as possible
solutions. We look at different stages of the drug discovery process, identifying diseases
and including diagnosis, target identification, Target Validation, Hit Identification, Hit
optimization and finding leads Compounds and Identify Toxicity of Compounds. The
ability of Al to analyse large datasets and find patterns plays a key role in these stages,
improving predictions and making the process more efficient in disease identification,
drug discovery, and managing clinical trials The role of Al in modern drug development
is highlighted, showing its potential to handle large amounts of data, which can help

reduce the time and cost of bringing new drugs to the market.
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Abstract

Nowadays, reliable fruit classification is more essential than ever in sectors like the
agricultural sector, the retail sector, as well as control of food quality during which
inspection by hands can be laborious and vulnerable to oversights. The research's deep
learning-driven system utilises Convolutional Neural Networks (CNN) to distinguish and
define different types of fruits from illustrations. Because it was trained on a carefully
chosen dataset, this model is able to learn crucial visual attributes like colour, texture, and
shape. After hyperparameter tuning simplifies the system. It is evaluated using metrics
such as accuracy, precision, recall, and F1-score evaluation. Based on prior examine that
attentive on distinct fruit variations, this progression necessitates a ascendable and

tremendously well-organized real-time sorting and processing application.

Keywords: Fruit classification, Convolutional Neural Network (CNN), Deep learning,
Image processing, Computer vision, Feature extraction, Real-time sorting, Agriculture

automation, multi-class classification, Quality control.
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Abstract

An automized framework to detect safety wear-helmet and number plate recognition is
proposed to reinforce traffic law implementation using deep learning techniques. This
system integrates the algorithm like “You Only Look Once” (YOLO) for real-time
helmet and number plate detection, integrated with Optical Character Recognition (OCR)
for alphanumeric identification. Unlike conventional rule-based or sensor-based methods,
this method leverages end-to-end deep learning on handling diverse environmental
conditions, including illumination changes, occlusions, and motion blur. This context was
trained to evaluate on a large-scale dataset of motorcycle riders, to achieve 95.4%
precision in helmet detection, 97.8% accuracy in number plate localization, and 92.6%
OCR accuracy, while functional at an average of 32 frames per second. The design
ensures that number plate information is captured only for riders without helmets, thereby
automating violation detection and dropping manual interference. With its high accuracy,
scalability, and real-time capability, the proposed system establishes strong budding for
deployment in intelligent transportation systems, smart city surveillance, and automated
traffic monitoring infrastructures.

Keywords: Helmet detection, license plate recognition, YOLO, deep learning, optical
character recognition (OCR), intelligent transportation system, traffic surveillance, smart
city.
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Abstract

As nanomaterials become considerably more sophisticated and are used in many different
industries, most research on nanomaterials and nanotechnology depends on expensive
experiments or intricate computations. Nanoparticles must be manufactured with
carefully specified properties in order to be used in chemical sensing, healthcare
diagnosis, catalytic processes, thermoelectric and photovoltaic technology or drugs.
Because it requires optimising several interdependent responses, exploring and
identifying processes for the production of nanoparticles with desired spectroscopic
features is a labour-, time-, and highly resource-intensive activity. Although NPs
sometimes includes many chemicals and is carried out under interconnected experimental
features, this is a time-consuming, challenging, and resource-demanding task. This
technology, machine learning (ML), provides a quicker response to condition monitoring
and optimisation for nanoparticle synthesis. This article describes a rhythmic
MF technology for the synthesis of nanoparticles that is independent and driven by
machine learning. The platform recognised conditions for reaction for the manufacturing
of nanoparticles via focused optical qualities, performed spectroscopic NP
characterisation, and used machine learning techniques to analyse various yet prioritised
spectroscopic nanoparticles' defining features. It also used various kinds of methods and
reaction times during the production of nanoparticles that had different dimensions. In
this overview, we give the outline of significant methods that collect large amounts of
data and discuss machine learning techniques that might be applied during the
preparation of NPs. We explore the synthesis of semiconductor, metal, carbon-based, and
polymeric nanoparticles using machine learning. All things considered, this approach
suggests information towards the progress of machine learning technology in
nanomaterial synthesis.

Keywords: Nanoparticle, Machine learning, Carbon based material , Semiconductors
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Abstract

Healthcare systems worldwide are increasingly challenged by issues of data security,
interoperability, and patient privacy. Traditional medical record management approaches
often suffer from centralization, data breaches, and lack of transparency, leading to
inefficiencies in healthcare delivery. Blockchain technology, with its features of
decentralization, immutability, and cryptographic security, offers a transformative
solution to these challenges. This paper explores the role of blockchain in healthcare for
secure management of electronic health records (EHRs), insurance claims processing,
and pharmaceutical supply chain transparency. It highlights how blockchain enables
tamper-proof record keeping, controlled access through smart contracts, and improved
trust among patients, healthcare providers, and insurers. Additionally, the study analyzes
challenges such as scalability, high transaction costs, and regulatory compliance that
hinder large-scale adoption. The findings suggest that blockchain-based healthcare
systems can significantly improve data integrity, reduce fraud, enhance patient privacy,
and facilitate real-time sharing of medical information. By embracing blockchain-driven
solutions, healthcare organizations can achieve greater efficiency, transparency, and trust,

paving the way for a more secure and patient-centric ecosystem.

Keywords: Blockchain, Healthcare, Electronic Health Records (EHR), Smart Contracts,
Data Security, Patient Privacy, Interoperability, Supply Chain, Decentralization.
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Abstract

Forecasting customer churn is crucial in today's market to build good relation with
customers and save acquisition expenses. The elaborate, non-linear relationships found in
customer data are frequently unexploited by tradition machine learning models. To
increase the efficiency of churn prediction and customer behaviour analysis, this research
proposes a combinational approach of Convolutional Neural Networks (CNNs),
Autoencoders, K-Means clustering, and XGBoost. CNNs can extract deep feature
interactions and represnts data in tabular method using two-dimensional grid format. K-
Means splits clients into behaviour- based groups, XGBoost evaluates predictive
performance, and autoencoders reduce noise and dimensionality. As per the experimental
results the suggested method performs better than traditional models in terms of recall,
accuracy, and precision. Furthermore, the model offers practical business intuitions
which support focused retention strategies in a various sectors, including e-commerce,

retail, banking, and telecommunications.

Keywords: Convolutional Neural Network (CNN), Autoencoder, K-Means Clustering,
XGBoost, Deep Learning, Anomaly Detection, Customer Segmentation, Machine

Learning, Explainable AI (XAI), and Customer Churn Prediction.
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Abstract

The integration of artificial intelligence (Al) into healthcare has significantly renovated
diagnostic and prognostic strategies, particularly in oncology. This research concentrates
on interdisciplinary approach that leverages Recurrent Neural Networks (RNN) and Long
Short-Term Memory (LSTM) architectures for tumor tracing in medical imaging.
Starting from state-of-the-art deep learning techniques, the proposed model validates
greater temporal feature extraction capabilities, which are vital for accurately tracking
tumor progression over the time. The research has not only narrowed on Al
advancements in health care but also sightsees their pedagogical impact by integrating
technology into science for tumor detection into educational frameworks which makes
this has interdisciplinary (medical and computer science) or concrete work. The
experimental results emphasize that anticipated Long Short-Term Memory based models
outstrips traditional Convolutional Neural Network approaches in progressive
consistency and predictive accuracy. This work highlights the potential of new
technology Al-driven education in associating the gap which is framed between machine
learning techniques and innovations and also practical healthcare applications, which

fosters a new era of interdisciplinary collaboration.

KEYWORDS: Tumor Tracing, Deep Learning, Recurrent Neural Networks (RNN),
Long Short-Term Memory (LSTM), Medical Imaging, Artificial Intelligence in
Healthcare, Temporal Feature Extraction, Interdisciplinary Education, Al-Assisted
Diagnosis, Machine Learning in Oncology, Intelligent Healthcare Systems, Educational

Frameworks in AL
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Abstract

Emphasizing minimal manual feature engineering and multi-step prediction capabilities,
the synopsis centres on creating an LSTM-based e-commerce demand forecasting model
to improve pricing strategies, inventory optimization, and supply chain planning. On the
other hand, the studies deal with comparable forecasting problems in various fields:
Ebeye et al. present a Binary Genetic Algorithm with Gaussian Process Regression
(BGA-GPR) for feature selection prior to training a Feedforward ANN for electricity
demand; Kumar et al. examine e-commerce websites for security and usability rather than
demand; Hernandez et al. offer a thorough survey of load forecasting in smart grids; Yan
et al. optimize neural networks; and Xu et al. propose a Self-Organizing Map combined
with Regression Tree (SOM-RT) processed at the network edge for real-time bike-
sharing demand prediction.Optimize neural networks with social, meteorological, and
economic inputs for mid-term energy load forecasting. This paper compares six peer-
reviewed research papers that address different demand forecasting problems across
domains like transportation, energy systems, and usability analysis with an unpublished
synopsis on E-commerce Demand Forecasting using Long Short-Term Memory (LSTM)
networks. The development of an LSTM-based forecasting model for precise multi-
product sales prediction in e-commerce is the main objective of the synopsis. On the
other, hand, the chosen research articles use a variety of hybrid and machine learning
models, such as Self-Organizing Map with Regression tree (SOM-RT), feedforward
ANN, feature selection using.

Keyword: E-commerce; Demand Forecasting; Long Short-Term Memory (LSTM); Time
Series Analysis; Machine Learning; Deep Learning; ARIMA; SARIMA; SARIMAX;
XGBoost; Conformal Forecasting; Inventory Optimization; Supply Chain Management;

Seasonal Trends; Promotional Sales Prediction.
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Abstract
Nowadays, reliable fruit classification is more essential than ever in sectors like the
agricultural sector, the retail sector, as well as control of food quality during which
inspection by hands can be laborious and vulnerable to oversights. The research's deep
learning-driven system utilises Convolutional Neural Networks (CNN) to distinguish and
define different types of fruits from illustrations. Because it was trained on a carefully
chosen dataset, this model is able to learn crucial visual attributes like colour, texture, and
shape. After hyperparameter tuning simplifies the system It is evaluated using metrics
such as accuracy, precision, recall, and F1-score evaluation. Based on prior examine that
attentive on distinct fruit variations, this progression necessitates a ascendable and

tremendously well-organized real-time sorting and processing application.

Keywords: Fruit classification, Convolutional Neural Network (CNN), Deep learning,
Image processing, Computer vision, Feature extraction, Real-time sorting, Agriculture

automation, multi-class classification, Quality control.
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Abstract
The recognition of suitable professions as well as blending gaps in abilities are
outstandingly challenging commitments over individuals at an era while livelihoods shift
quickly. The comprehensive, driven by artificial intelligence career endorsement system
laid out in this paper employs machine learning (ML) and natural language processing
(NLP) to measure skills, look at resumes, and suggest individualized job opportunities
and upskilling. In order to receive a thorough gap in abilities analysis, job proposals, and
upskilling resources, users can upload resumes, accomplish skill evaluations and
demonstrate their job preferences. In contrast with conventional static resume matchers,
this alternative supplies a dynamic, focused on customers career guidance system by
integrating purely semantic resume parsing, a quizbased skills scrutiny, and individually

tailored course suggestions for improvement.

Keywords— Career recommendation, Resume screening, NLP, Skill gap analysis, Job

trends, Machine Learning.
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Abstract
The rapid proliferation of Artificial Intelligence (AI) has significantly redefined

traditional business functions, with Human Resource Management (HRM) emerging as
one of the key domains where technological disruption is most visible. In the context of
India’s IT industry particularly in Bengaluru, often referred to as the “Silicon Valley of
India” AI enabled HR practices are increasingly being adopted to streamline complex
functions such as talent management, employee engagement and performance
management. The present study titled “Leveraging Artificial Intelligence in HR Practices:
A Study on Select IT Companies in Bengaluru” seeks to examine the extent,
effectiveness and challenges of deploying Al tools in HR practices and further explores

their implications for employee and organizational performance.
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Abstract

Kidney stone disease (nephrolithiasis) is a prevalent urological disorder causing
significant morbidity and healthcare costs worldwide. Early and accurate diagnosis is
essential for effective treatment and preventing recurrence. Non-contrast computed
tomography (CT) is considered the gold standard due to its high sensitivity and
specificity (>95% and 98%, respectively), but concerns about radiation exposure and cost
limit its routine use. Ultrasonography (US) offers a safer, more accessible alternative but
has lower diagnostic accuracy, influenced by operator skill and patient body habitus.
Recent advances in artificial intelligence (AI), machine learning (ML), and deep learning
(DL) have improved medical imaging analysis, enhancing kidney stone detection,
classification, and size estimation. ML classifiers such as K-Nearest Neighbors, Random
Forest, and Support Vector Machines achieve over 95% accuracy on ultrasound datasets
using texture-based features. DL models applied to multi-plane CT and endoscopic
images report weighted accuracies above 96%, enabling reliable stone type classification
and more efficient reporting. These Al-powered approaches hold promise for safer, faster,
and more accurate kidney stone diagnosis, bridging the gap between conventional

imaging limitations and clinical needs.

Keywords:- Kidney stone detection, Medical imaging, Artificial intelligence, Ultrasound

Imaging.
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Abstract

Artificial Intelligence has moved from being a distant possibility to an everyday presence
in how governments deliver services. In India, this shift is most visible in digital
platforms such as UMANG, DigiLocker, and the upgraded Incredible India tourism app.
Each of these cases shows both the promise and the limits of Al in public service.
UMANG relies on multilingual chatbots and intent recognition to simplify access to
thousands of government services. DigilLocker uses anomaly detection to curb fraud and
speed up verification of digital documents. The Incredible India app introduces Al-driven
travel planning that personalizes itineraries and feeds valuable data back into tourism
governance. Taken together, these platforms reveal how Al can compress bureaucratic
delays, extend reach, and make services appear more user-friendly. Yet, the gains are not
without cost. Across these systems, opacity in algorithmic decisions, uneven digital
access, and weak grievance mechanisms continue to erode trust. India’s large-scale
approach contrasts sharply with Estonia’s model, which anchors Al within transparent
legal frameworks, and with Brazil, where public pressure has forced course corrections
when algorithms fail. While India excels in scale, it lags behind in interoperability, rights-
based accountability, and citizen oversight. This study uses a qualitative case study
method, drawing on policy documents, reports, and secondary literature, and situates the
analysis within Sustainable Development Goals 9 and 16. The argument advanced here is
that AI’s legitimacy in governance will depend less on its technical sophistication than on
whether these systems deepen citizen agency, close gaps of exclusion, and embed
democratic accountability at their core.

Keywords: Artificial Intelligence, E-Governance, India, Digital Public Services, Tourism
Governance
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Abstract

In this work, a dual-modal framework that integrates both visual and acoustic data
streams for deep learning-based bird species identification is investigated. An Artificial
Neural Network (ANN) trained on a sizable dataset of bird vocalizations produced 100%
training accuracy and 97% validation accuracy for the audio modality. The Xception
architecture achieved 96% validation accuracy and 99% training accuracy for visual
recognition when applied to a large dataset of bird images. For reliable species
identification, the system emphasizes the benefits of integrating visual and auditory
modalities.

Keywords: Deep Learning, Dual Modal, Bird Species Identification, CNN, Spectrogram.
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Abstract

Smart virtual assistants were developed in response to the increasing demand for
accessible, dependable, and fast college information. An Al-powered chatbot for college
inquiries is presented in this paper. Multiple language support, voice input, personalized
recommendations, career guidance, and scholarship information are all features built into
the system. The system can comprehend complicated queries and provide pertinent
answers by utilizing the BERT and spaCy NLP models. The chatbot is available around-
the-clock, connects to college databases, and provides information on admissions,
courses, facilities, and career paths. A multilingual translation tool, a recommendation
engine that tailors responses according to user profiles, and a speech-to-text function for
voice queries are all included in the design. The system can successfully identify user
intent and attain high user satisfaction, according to experimental results. This enhances
the user experience and lessens the administrative staff's

workload.
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Abstract

Blood cancer, encompassing leukemia, lymphoma, and myeloma, affects the formation of
healthy blood cells. Achieving better patient outcomes hinges on early and precise
detection, yet traditional diagnosis often relies on manual microscopic examination, a
process that can be tedious, subjective, and prone to errors. This project proposes an
automated detection system utilizing MobileNet, a streamlined deep learning architecture
optimized for speed and efficiency. Users can securely register, upload images of
microscopic blood smears, and receive accurate classifications of whether cells are
cancerous. MobileNet” s depthwise separable convolutions enable rapid and accurate
feature extraction, even on mobile or edge devices, while preprocessing techniques such
as resizing, normalization, and noise reduction enhance image quality. This solution is
designed to deliver high precision with minimal delay, enabling healthcare professionals
to diagnose patients more swiftly and accurately, particularly in rural areas and settings

with limited resources.

Keywords: Blood cancer detection, MobileNet, deep learning, image classification,
microscopic blood smear,healthcare Al, computer vision, medical image analysis,

depthwise separable convolution, edge computing.
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Abstract

Early, objective screening for Parkinson’s disease (PD) remains challenging due to
reliance on subjective clinical scales and symptom overlap in prodromal stages. This
study develops and evaluates a multimodal machine learning framework that integrates
acoustic biomarkers from speech with image-based analysis of handwriting/drawing tasks
to enable non-invasive, scalable PD detection. Speech recordings are processed using
openSMILE to extract the 88-dimensional eGeMAPSv02 feature set, encompassing pitch
statistics, perturbation measures (jitter, shimmer), harmonic-to-noise ratio, spectral
balance, and MFCCs. Handwriting images (spirals, circles, meanders) undergo
standardized preprocessing and are analyzed with a convolutional neural network.
Classical models (Random Forest, SVM, XGBoost) are trained on acoustic and
handcrafted image features, while the CNN operates directly on preprocessed images
with augmentation and early stopping. Random Forest performs well on a held-out
speech testsplit (accuracy 69.2%), whereas SVM obtains high PD sensitivity at the cost
of specificity and XGBoost performs poorly on the tiny cohort. The drawing pipeline
yields higher overall accuracy (76.1%), with spirals and meanders demonstrating superior
sensitivity compared with circles. Error analyses indicate that tasks with continuous
directional changes amplify PD-relevant motor irregularities captured by the CNN.
Findings support prioritizing drawing tasks— especially spirals and meanders—for
primary screening, complemented by speech-based classification, and motivate late-
fusion of calibrated probabilities for robustness. The study emphasizes reproducibility
through modular pipelines, versioned preprocessing, and persistent model artifacts, and
outlines methodological enhancements for validation, calibration, and generalization.
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Abstract

Violence happens fast. Sometimes in a blink. In crowded places—schools, metros,
malls—it can go unnoticed until it’s already too late. Cameras watch, but they don’t
understand. Humans monitor, but they get tired. That’s the gap. That’s where this project
steps in. This paper presents a Violence Detection System—an Al-powered solution
designed to automatically detect violent behavior in real-time video feeds. The system
doesn't just record events. It reacts. It sees, processes, understands, and responds. That’s
the core idea. It uses a layered architecture combining Convolutional Neural Networks
(CNN) for spatial analysis and Gated Recurrent Units (GRU) for temporal behavior
tracking. Together, these modules allow the system to identify aggressive movements,
sudden interactions, and abnormal patterns that may indicate violence. The design
focuses not only on accuracy, but also speed and simplicity. Preprocessing cleans up the
input frames. Feature extraction pulls out what matters. Temporal analysis checks
movement over time. A classification layer makes the call—is this violent? And if it is—
boom—an alert is triggered. Loud. Fast. The alert system can send messages to security
teams, pop notifications on screen, or log events for review. An easy-to-use User
Interface ties everything together. It shows live footage, flagged clips, and lets users
respond quickly. No technical skills needed. Anyone can understand it. Because in real
situations, there’s no time to guess. This system isn’t perfect. No Al system is. But it's
trained on real-world scenarios, with diverse samples and dynamic environments. It’s
made to adapt. To improve. To help people react faster, maybe even save lives. In a
world where violence keeps finding new forms, detection needs to evolve too. This
system is a step in that direction. Small, maybe. But necessary.

78

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

ICAISDGs-2025-A54

INTELLIGENT SIGNATURE VERIFICATION AND FORGERY
DETECTION USING ML TECHNIQUES

PRAJWAL M N
Student, Department of MCA
ATME College of Engineering, Mysore, India
PRASHANTH R KAIGADDI
Assistant Professor, Department of MCA
ATME College of Engineering, Mysore, India

Abstract

In a time when digital fraud and the need for remote authentication have surged, reliable
signature verification remains a cornerstone for validating documents in banking, legal
affairs, and secure corporate transactions. Yet, most  traditional
signature verification systems rely on a single algorithmic approach, leaving them
vulnerable to skilled forgeries and everyday variations in individuals’ handwriting.
This research introduces a robust, real-time signature
authentication platform that combines the power of twelve distinct computer vision
algorithms within a single, adaptable ensemble framework. By integrating structural
similarity measurement, scale- and rotation-invariant feature extraction (SIFT, SURF,
ORB), advanced edge and contour analysis, textural pattern assessment, morphological
processing, and more, our system captures both the macro and micro variations inherent
in human signatures. Each method in the ensemble is assigned an optimized weight, and
their joint evaluation produces a confidence score that adapts to the complexity of each
comparison, considerably reducing both false acceptances and false rejections. The
platform is designed for real-world usability: a modern web application enables users to
upload signatures via drag-and-drop, webcam capture, or batch file
processing. An intelligent signature detector ensures that only valid signature images are
processed, elevating reliability and preventing non- signature misuse. A carefully
engineered preprocessing pipeline—comprising adaptive thresholding, noise filtering,
and morphological corrections—ensures incoming samples are consistently clean,
regardless of input source. By addressing the shortcomings of monolithic solutions and
bridging the gap between theoretical
advances and practical deployment, this work establishes a highly versatile, scalable foun
dation for the next generation of secure signature verification. Future directions include
extending the system with deep learning backbones, expanding mobile and edge-device
compatibility, and fusing additional biometric modalities for multi-factor authentication
scenarios.
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Abstract

An intelligent career guidance tool called the Career Recommendation Engine was
created to help job seekers deal with the intricacies of contemporary hiring procedures.
By utilizing web- based automation, machine learning, and natural language processing
(NLP), the system offers tailored suggestions to improve career advancement and
employability. The Career Recommendation Engine is a smart career guidance platform
designed to support job seekers in navigating today’s complex hiring process. Using
automation, machine learning, and natural language processing (NLP), it provides
personalized recommendations that help individuals advance their careers and improve
employability. The system brings together several helpful modules: a resume parser that
analyzes candidate information, an ATS checker to ensure resumes meet industry
standards, a course recommender to suggest skill-building opportunities, a cover letter
generator for tailored professional documents, a job scraper to gather up-to-date job
listings, and an interview assistant to guide users in preparing for common questions and
strategies. To make career support more accessible, it also includes a chatbot for
interactive. Developed with Python, FastAPI, and supporting libraries for web scraping
and NLP, the platform ensures a smooth user experience through its clean, user-friendly
interface. Its modular and scalable design allows it to integrate with external platforms,
making it adaptable for a broad range of users. Overall, the Career Recommendation
Engine not only simplifies job applications but also enhances resume quality, helps
bridge skill gaps, and encourages continuous professional growth, ultimately improving
candidates’ competitiveness and making the job search process more efficient in today’s
fast-changing market.
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Abstract

Thin film technology has emerged as a transformative field in material science, offering
applications in renewable energy, environmental sustainability, healthcare, and industry.
With global initiatives directed towards the United Nations Sustainable Development
Goals (SDGs), thin films provide a pathway to reduce resource consumption, enhance
energy efficiency, and promote green innovation. This paper explores the intersection of
thin film technology with SDGs, focusing on areas such as clean energy (SDG 7),
sustainable industry and innovation (SDG 9), climate action (SDG 13), and good health
and well-being (SDG 3). Applications such as thin-film solar cells, low-emissivity
coatings, biosensing devices, and photocatalytic films highlight their potential in
addressing global sustainability challenges. This paper reviews the role of thin film
technology in supporting SDGs, discusses current challenges in scalability, toxicity, and
durability, and outlines future directions for greener materials and processes. By bridging
material science with sustainability, thin films stand as a promising pathway toward a

more resilient and resource-efficient future.

Keywords— Thin films, sustainable development goals, solar cells, smart coatings,

biosensors, green technology.
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Abstract

Vitamin deficiency has always been a silent health problem. It does not arrive with
sudden warnings, but slowly changes the skin tone, dulls the nails, weakens hair, or even
affects the eyes. Many people ignore these little signs until the condition becomes serious.
Traditional detection is possible only through blood reports and lab tests, which feels
complicated, invasive, and sometimes expensive. Not everybody goes for such checks.
This gap makes early detection difficult. In our work, we thought of a simple question:
can the body’s own visible markers become signals for technology? Image processing
provides that chance. By capturing images of skin, eyes, and nails, we can enhance them,
filter out noise, and extract patterns that are otherwise hidden to a normal eye. These
features, once processed, tell an interesting story about the inner health of a person. It is
not magic, but just careful observation converted into digital signals. The next step is
intelligence. A neural network is trained on these features, learning over time how
vitamin deficiencies leave specific marks on human appearance. Like a student
improving with practice, the model slowly connects the dots and begins to predict
deficiencies with promising accuracy. It is abrupt but effective — the computer sees what
people miss. Although results cannot replace medical reports, they provide a strong,
quick, and low-cost screening tool. This idea is especially powerful for regions where
healthcare access is limited. Imagine a mobile camera acting like an early warning system,
alerting a person before the deficiency grows dangerous. Technology here becomes not
only about algorithms but also about human well-being. The study shows that merging
image processing with neural networks creates a pathway towards preventive healthcare,
accessible diagnosis, and more awareness among people. It is science, but also a story of
making health simpler.
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Abstract

Picking a perfect eleven for a cricket match sounds simple when you’re watching on TV,
but in reality it’s a messy, confusing job. Selectors often rely on gut feelings, old
memories, and bits of stats scattered around, which sometimes means unfair picks or the
wrong calls. Every match sets the nation buzzing, sparking heated debates and passionate
discussions about which players truly deserve a spot in the playing XI. Yet behind all the
excitement lies one of cricket’s most difficult and consequential tasks: selecting the right
combination of players. Traditionally, this process has depended on subjective factors
such as selectors’ intuition, past performance records, or personal opinions. In this project
we tried something different — letting machine learning do the heavy lifting. Using a
Random Forest model, the system looks at tons of player data — batting and bowling
numbers, how someone’s been playing lately, how they do at certain stadiums, even how
they perform against specific teams. Instead of endless arguments in a meeting room, the
tool just crunches everything and gives a solid team suggestion for Tests, ODIs or T20s.
You just select the match type, venue and opponent on a simple website and boom— it
shows the best XI with reasons why each player is there. In our tests it worked smooth,
gave accurate results, and felt way less biased than traditional selection. It’s not just a
fancy gadget — it’s like having an assistant that never gets tired or emotional.

Keywords— cricket selection, machine learning, random forest, sports analytics.
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Abstract
TRACKSPHERE — Centralized System for Academic Project Management: In academic

institutions, traditional project submission methods involving physical documents, emails,
and manual approvals often lead to delays, disorganization, and communication gaps.
TrackSphere addresses these challenges through a centralized, web-based platform that
streamlines the entire project submission and evaluation workflow. The system allows
students to register under assigned faculty guides and submit essential project
documents—including synopses, reports, presentations, and code—at various stages.
Faculty members can monitor submissions, provide feedback, and approve or request
revisions through an intuitive dashboard. Integrated milestone tracking ensures timely
progress, helping students stay organized and meet deadlines. By digitizing and
automating the project lifecycle, TrackSphere enhances transparency, efficiency, and
collaboration between students and faculty.

Keywords: Digital Submission System , Academic Project Tracking , Student Guide
Interaction , Milestone Tracking , Web-Based Platform , Faculty Feedback System |,

Online Document Submission.
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Abstract

Gesturecare is built around advance technology that interprets hand gesture with
precision. It uses sensors and machine learning algorithms to understand different hand
movements. These gestures turn into commands that control various IoT-enabled devices
like lights, thermostats, and home security systems. This touch-free method is particularly
advantage for older adults who face challenges with movement or hand control. It gives
them an easy and convenient way to manage their home environment. Besides home
automation, the Gesture Care system has a mobile alert feature to improve the safety and
well-being of elderly users. This system provides real time alerts to loved once or
caregivers during emergencies. By combining real-time monitoring and alert capabilities,
the system makes sure that help is always available, providing extra security and peace of

mind for both seniors and their families.

Keywords: GestureCare, Human computer interaction, Elder care system, contactless

control, Smart assistance, Healthcare innovation, Real-Time Monitoring
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Abstract

Engineering education often struggles to bridge the gap between theoretical concepts and
practical understanding. Traditional classroom methods may not always capture student
attention or support interactive learning. To address this challenge, we propose
EnggGames, an Al-enhanced gamified platform designed to simplify complex
engineering concepts through interactive simulations and educational games. The
platform integrates three distinct learning modes—Puzzle, Sandbox, and Builder—each
targeting different branches of engineering such as Computer Science, Electronics, and
Mechanical Engineering. Puzzle-based modules help students practice logical operations
like stacks and queues, sandbox environments allow exploration of circuit behaviors with
adjustable parameters, and builder games encourage hands-on experimentation with
mechanics such as torque and balance. A built-in Al tutor provides real-time,
personalized guidance, ensuring that learners not only play but also understand the
underlying principles. Progress tracking with stars, experience points, and achievements
adds a motivational layer to sustain engagement. This approach combines gamification,
visualization, and intelligent tutoring to create a scalable model for interactive
engineering education. EnggGames demonstrates the potential to transform how students

grasp abstract concepts, making learning more engaging, personalized, and effective.

Keywords: Game-based learning, Engineering education, Gamification, Al tutor,

Interactive simulations, EnggGames
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Abstract

This research explores the transformative impact of Artificial intelligence (AI) on global
employment from 20th century to future. The study analyses the replacement of jobs by
Al approximately 85 million jobs due to automations. But, unfortunately replaced by 97
millions new roles due to automations and increases 12 millions jobs . Some jobs, like
customer service, data entry, and retail cashier, are in danger of being replaced by Al. At
the same time, new jobs are popping up in the Al field that need really advanced skills.
We've also noticed that men and women, and people in different regions, are being
affected by Al in different ways. Basically, we need to quickly train our workforce and
create smart policies to handle this shift and make the most of the opportunities that Al

brings.

Keywords: Artificial Intelligence, Job Displacement, Workforce Transformation,

Automation, Future of Work
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Abstract

This research addresses the "AI Energy Paradox": Artificial Intelligence is a critical
enabler for optimizing renewable energy systems and achieving Sustainable
Development Goal 7, yet the exponential growth in computational demand for training
and deploying Al models threatens to derail climate goals by creating an unprecedented
surge in electricity consumption. This paradox exposes a critical research gap, as current
approaches often treat Al's energy benefits and its energy costs as separate, disconnected
domains. This siloed perspective leads to suboptimal solutions, where the very
technology used to manage green energy grids becomes a primary obstacle to their
sustainability. This paper proposes a novel solution: a dual-optimization framework using
multi-agent reinforcement learning (MARL) to create a symbiotic relationship between
energy supply and demand. The first agent, the Grid Manager, focuses on optimizing the
dispatch of variable renewable energy sources (e.g., solar, wind) and battery storage to
ensure grid stability and meet demand. The second, innovative agent, the Workload
Scheduler, manages a portfolio of Al computational tasks, dynamically scheduling,
pausing, and scaling them based on real-time energy availability, carbon intensity, and
price signals from the Grid Manager. This transforms Al computation from a static,
problematic load into a flexible, dispatchable resource. Through simulation, this research
aims to demonstrate that this symbiotic model can significantly increase renewable
energy penetration  while simultaneously reducing the carbon footprint of Al

computation, offering a viable pathway to sustainable digital infrastructure.

Keywords: Artificial Intelligence, Sustainable Development Goal , Clean Energy, Smart
Grids, Green Al, Reinforcement Learning, Energy Efficiency.

88

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)
ICAISDGs-2025-A64

Study On The Effect Of Vamana And Virechana As Interventions
To Decelerate The Aging Process: Study Protocol Of a Single Arm
Pre-Post Test Clinical Trial

Dr. Devipriya Soman
PhD scholar, Associate Professor, Department of Kayachikitsa,
Amrita School of Ayurveda, Amritapuri,
Amrita Vishwa Vidyapeetam, Kollam (Kerala), India.

Dr. Pravith N K
MD (Ay)Associate Professor, Department of Kayachikitsa,

Government Ayurveda College, Thiruvananthapuram (Kerala), India

Dr. Ramesh N V
MD (Ay) Professor and Head, Department of Rasashastra and Bhaishajyakalpana,
Amrita School of Ayurveda, Amritapuri,
Amrita Vishwa Vidyapeetam, Kollam (Kerala), India

Abstract
The concept of ‘successful aging’ has become significant in the present era as there is an
outnumbering elderly population. On par with Gero science, healthy and successful aging
implies optimizing the process of biological aging over the normal course of life, which
ultimately delays the onset of senile disorders improve healthspan. SDG3 focuses on
preventing premature mortality and improving well-being. Therapeutic emesis (Vamana)
and therapeutic purgation (Virechana) are the two major Biopurification implement
enlisted in Ayurveda. Deceleration of the process of aging and facilitation of healthspan
remain documental evidences in the traditional treatises. However, targeting health span

and decelerating the aging process evaluated in line with the modern theories of aging
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still continue to be a grey area. Hence this study is taken up with an objective to explore
the effect of Vamana and Virechana in modifying the serum Ilevels of
Malondialdehyde (MDA), Superoxide Dismutase (SOD) and Telomerase activity.
Methods: The study registered under Clinical Trial Registry- India (CTRI) with a register
number CTRI/2024/02/062176, employs a pre-posttest study design, including fifty-
three participants of age thirty- five to sixty years, willing to register at OPD, Amrita
School of Ayurveda, Kollam, Kerala, India. Those with body mass index (BMI) between
18.5 and 25 kg/m2, with stable weight (change less than — 10%) for 3 months
immediately prior to the study and with madhyama koshta (nature of bowel evacuation-
assessed as per questionnaire), who are Vamanarha (eligible for emesis) and
Virechanarha (eligible for purgation) with proper exclusion will be included in the study.
The interventions include emesis in Spring and purgation in Autumn season preceded by
Snehana (oleation) and Swedana (fomentation) and followed by the Samsarjana karma
(specialised menu of diets) depending on the measurement of purification. Trial duration
will be on an average of eighteen days for each participant. The outcome measures
including the serum levels of MDA, SOD activity, Telomerase activity and Telomere
length will be measured on the Oth day and on the next day of completion of Samsarjana
karma (18th -20th day). The data gathered will be analysed statistically using paired t-
test or Wilcoxon Signed Rank test depending on the distribution. Conclusion: The study
will generate preliminary evidence to state emesis and purgation as implements to

improve the health span and decelerate the process of aging in humans.

Keywords: Vamana, Virechana, Aging, SDG3, Ayurveda, Protocol
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Abstract

The big data involves the production of data from numerous sources or viewpoints.
Multi-view data are the name given to these data. In the mining and analysis of large
amounts of data, it is crucial to unleash the information contained in multi-view data.
This need cutting-edge methods that combine various facts while taking into account the
diversity of different viewpoints. As a result, multi-view learning is becoming
increasingly common in the domains of the machine learning and data mining. A method
called multi-view clustering makes use of data from several viewpoints or perspectives to
enhance the efficacy of the clustering process. Different aspects or representations of the
same collection of items are offered by each perspective. When data is diverse and can be
represented using numerous feature sets, this strategy is especially helpful. Multi-view
Clustering (MvC) aims to utilize complimentary and consensus information across
various views, has drawn more and more attention. These methods are grouped into five
categories in this paper: multi-kernel learning, multi-view graph clustering, multi-view
subspace clustering and multi-task multi-view clustering. Co-training style algorithms is
another category. There are several illustrative real-world applications described, along
with a list of some multi-view datasets that are freely accessible. There are several
illustrative Multi-view Clustering algorithms described like Multi—view k-Means, Co-
Training, Multi — view spectral clustering, Canonical Correlation Analysis, Multiple
Kernel Learning, Consensus Clustering, Non-Negative Matrix Factorization.

Keywords: Multi-view data, Multi-view learning, multi-view clustering, Complementary
Principle, Consensus principle.
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Abstract

Melanoma is one of the most aggressive forms of skin lesion, and its rapid progression
makes early detection critical for effective treatment. In this work, we present a real-time
skin lesion system that combines the strengths of Convolutional Neural Networks (CNNs)
of classification and U-Net for precise lesion segmentation. The proposed system
integrates several stages: image pre-processing, lesion segmentation using U-Net,
classification through CNN models, and real-time analysis of dermoscopic inputs. By
leveraging deep learning, the system automatically extracts relevant features and
performs robust classification without requiring manual intervention. The integration of
CNNs with U-Net ensures both high precision in lesion segmentation and efficient
performance in real-time applications. To validate its effectiveness, the system was
trained on the HAM10000 dataset and tested across multiple scenarios, demonstrating
strong potential for use in clinical decision support and early melanoma screening.

Keywords: CNN, U-Net, Deep Learning, Skin Cancer, Melanoma, Image Segmentation,
RealTime Detection, Dermoschopy.
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Abstract

This study presents a bibliometric and PRISMA-based analysis of research on sustainable
marketing and consumer behavior, focusing on trends, thematic structures, and
collaboration patterns between 2021 and 2025. Data were retrieved from the Web of
Science Core Collection, yielding 455 relevant articles after screening and duplicate
removal. Analyses were conducted in RStudio using the Bibliometrix package, with
network mapping and visualization performed in VOSviewer and Biblioshiny. The
results provide key performance indicators, including total citations, average citations per
article, the H-index, and top-cited works. Keyword co-occurrence analysis revealed four
main thematic clusters. The blue cluster focused on psychological constructs such as
motivation, preferences, subjective norms, and acceptance. The green cluster addressed
product-level strategies, including innovation, design, trust, and quality. The red cluster
highlighted marketing communication themes, such as green marketing, green purchase
intention, perceived consumer effectiveness, awareness, and brand. The yellow cluster
encompassed ethical and emotional dimensions, including altruism, guilt, mindfulness,
and personal norms. Keywords-sustainable consumption, consumer behavior,
consumption, green, and theory of planned behaviour dominated the network,
underscoring their foundational role in the field. Collaboration analysis showed varying
levels of domestic and international engagement among institutions. Some universities
exhibited balanced single-country and multi-country publications, others, such as
Universidade da Beira Interior and Poznan University of Economics and Business,
demonstrated strong international partnerships. The findings highlight both the maturity
of the field and its evolving nature, offering a comprehensive reference for academics and
practitioners seeking to explore emerging trends, research gaps, and collaborative
opportunities in sustainable consumption and green marketing.

Keywords: bibliometric analysis, sustainable consumption, green marketing, consumer
behaviour, research collaboration
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Abstract

Student anxiety is a significant concern, affecting academic performance and emotional
well-being globally. The proliferation of Instagram among youth has opened new
opportunities for early identification of anxiety through analysis of images, captions, and
behavioural signals. Modern machine learning (ML) algorithms make it feasible to
process vast social media data, offering objective insight into student psychological states.
This comprehensive review surveys advances in analysing Instagram data for student
anxiety detection with ML, detailing algorithms, features, datasets, methodological flows,

toolchains, performance metrics, and the key open research challenges in the field.

Keywords: Student Anxiety, Instagram, Machine Learning, Social Media Analytics,

Mental Health, Detection, Review.
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Abstract

Multimodal Artificial Intelligence (AI) refers to the integration of information from
several sources of data, text, images, audio, etc., for a better understanding and
generation of complicated information. Recent years from 2020 onward have seen a rise
in rapid developments of multimodal Al in applications like emotion recognition,
sentiment analysis, and generating content. This paper is a thorough literature review of
multimodal AI from 2015 to 2025, classifying methods as early, late, hybrid, and
attention-based fusion methods. Overall, the review demonstrates a clear trend of
transformer fusion methods in multimodal research as well as future potential, and
highlights the need for common benchmarks, explainable models, and platform

deployment in real-world settings.

Keywords: - Computer Vision, Deep Learning, Emotion Recognition, Multimodal Al,

Natural Language Processing
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Abstract

Climate change presents one of the greatest challenges to businesses and societies
worldwide. Organizations require advanced tools to anticipate risks, adapt strategies, and
ensure sustainability. This paper explores the integration of Artificial Intelligence (AI)
withSalesforce Customer Relationship Management (CRM) to predict climate change im
pacts and deliver actionable insights. By combining external climate data with Salesforce
records such as Accounts, Assets, and Campaigns, businesses can forecast risks like
flooding, extreme heat, and demand surges. The proposed system uses Al-driven
prediction models within Salesforce to assess climate risk scores, automate workflows,

and support proactive decision-making
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Abstract

Artificial Intelligence (AI) is a branch of computer science which focuses on creating
algorithms or machines that can mimic human intelligence. Al has become an
indispensable tool across various fields, including corporate, research, education and
medicine. The most promising application of Al in healthcare is revolutionizing the
diagnosis of diseases and medical visualization. Al algorithms can analyze medical
images like X-rays, CT scans and MRIs with high accuracy, helping to detect many
diseases early and opening the gate for more effective treatment plans. This capability has
led to significant advancements in early diagnosis of fatal diseases like cancer, diabetes,
mental health, and advances in drug discoveries and preventive medicine. Diabetes is a
major disease in the world, causing millions of deaths. The Shortage and unequal
distribution of diabetes specialists have contributed to poor glycemic control among
patients. Al based blood glucose management has become a good method to increase
diabetes care, leveraging technologies like continuous glucose monitoring and predictive
control. Cancer is a fatal and a multi-factorial disease which is difficult to diagnose at an
early stage. It isa chronic disease. Other diseases like obesity, hyperglycemia and
depression can increase the risk of cancer. Al has been used in different areas like
radiotherapy, tumor contouring, dose optimizing, optimizing drug efficiency, targeted
treatment, personalized chemo therapy to minimize the adverse effects. According to the
WHO (world health organization), mental health disorders are now contributing to the

percentage of global disease burden which is equally harmful as the other terminal
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diseases. There is a rapid increase in mental health disorders due to changes in the
lifestyle. India is struggling with a high prevalence of mental health disorders like
depression, anxiety disorder, bipolar disorder and schizophrenia. Al tools help in
analyzing speech and facial expressions to identify the mental disorder. Natural Language
Processing (NLP) enables getting information from the written or spoken words to know
the exact disease and intensity. Mental health, cancer, and diabetes are interconnected
through a variety of complex factors. This relationship highlights how lifestyle and
psychological well-being are crucial to physical health. While Al is a powerful tool
across many sectors, its application in healthcare is particularly promising. This paper
will focus on how the development of Al in healthcare can be a life-saving advancement.
We will explore the interrelationship between cancer, mental health, and diabetes and
examine how powerful Al technologies are being used for the diagnosis, treatment, and

management of these and other diseases.

Key words: Healthcare, Diabetes, Cancer, Artificial intelligence, anxiety, diagnosis,

medicine
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Abstract

The study titled “Adoption of Al-based Smart City Initiatives for Sustainable
Development: A Primary Data Study on Surat Municipal Corporation” explores how
Artificial Intelligence (Al) is being integrated into municipal governance and its effect on
sustainability and citizen welfare. Using a sample of 300 respondents from Surat city,
both primary and secondary data were analyzed through descriptive statistics, reliability
and normality tests, and hypothesis testing. The findings reveal that citizens are most
aware of Al-driven projects in traffic management and waste collection, while
applications in healthcare and energy monitoring remain less recognized. E-governance
platforms and grievance redressal systems emerged as the most widely used Al services.
Respondents agreed that Al initiatives improve quality of life, safety, and environmental
sustainability, with mean scores between 3.67 and 4.12, indicating general agreement
across the population. Normality tests confirmed the suitability of the data, while
Cronbach’s Alpha values above 0.85 established strong reliability of the survey tool.
Hypothesis testing through regression, ANOVA, and correlation confirmed that Al-based
initiatives significantly impact environmental sustainability and citizens’ quality of life.
However, challenges such as high costs, lack of awareness, privacy issues, and
infrastructure limitations continue to affect adoption. The study concludes that while
Surat Municipal Corporation has made strong progress in Al adoption, addressing
existing barriers will be key to scaling its benefits further. Strengthening infrastructure,
building citizen trust, and increasing awareness can help maximize AI’s role in
sustainable urban development.

Keywords: Artificial Intelligence, Smart City, Sustainability, Quality of Life, Surat
Municipal Corporation
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Abstract

Sustainability of dairy and livestock have already gained major importance due to their
nutritional value and domestication of animals. Dairy industry is the economic backbone
of rural parts of India with many women involved directly in dairy farming. Majority of
the dairy products come from cows and buffalos in India. Ayurveda describes the
medicinal value of mammal milk from 8 sources (asta ksheera)- cow, goat, sheep,
elephant, human, buffalo, camel, and other single hoofed animals. But the population
depends only on cattle milk for consumption. The rest of the milk in the asta
ksheera remains a hidden gem in boosting the sustainability of those animals, the rural
population, and health of society. Non-cattle milk usage and production are not
documented in India and remains unutilized, and the livestock are declining. Major
intervention is required for the long-term sustainability of those species. This paper
explores the possibility of sustainable dairy products (disease specific therapeutics and
dosha specific nutraceuticals) based on the ancient ayurveda wisdom of asta ksheera.
Ksheerapaka (herb infused milk-based decoction) can be processed and preserved like
flavored milk or converted into instant mix powder form, as modern day patients find it
difficult to prepare ksheerapaka due to its time-consuming efforts. Incorporating this
ancient wisdom will help in reducing wastage by completely utilizing those animal milk,
helping in the sustenance of those species eventually, making it easily accessible to
patients, and finally creating a business model that benefits the rural livestock holders.
Lack of high-quality evidence on the medicinal values of non-cattle milk and
ksheerapaka preparations makes it difficult to implement it on a large scale. This
demands multisectoral collaboration among ayurveda practitioners, dairy processing units,
and rural livestock involvement.

Keywords: SDGO6, dairy, astaksheera, ksheerapaka, non-cattle milk, ayurveda
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Abstract

Rapid urban growth, while essential for economic progress, often results in the
marginalization of tenants through forced evictions and inadequate legal safeguards.
Tenancy rights remain one of the least protected aspects of housing justice, particularly in
developing cities where urban expansion prioritizes commercial interests over inclusivity.
Such displacement not only undermines social equity but also contradicts the principles
of the 2030 Agenda for Sustainable Development. This paper provides a critical analysis
of tenancy rights in the context of urban growth, situating the discussion within
Sustainable Development Goal 17 (Partnerships for the Goals). It evaluates how state
actors, municipal authorities, private developers, civil society, and international
organizations can collaborate to prevent forced evictions and promote secure tenancy.
The analysis highlights structural challenges such as weak rent regulation, limited tenant
participation in policymaking, and the dominance of profit-driven urban development
models. It also questions whether existing partnerships genuinely prioritize tenant welfare
or remain symbolic, serving institutional or economic interests. Furthermore, the paper
interrogates the gap between policy commitments and ground realities by assessing
whether partnership frameworks translate into tangible benefits for vulnerable tenants. It
explores how global best practices—such as community-driven housing initiatives, cross-
border cooperation for migrant tenants, and digital platforms for transparent tenancy
agreements—can be localized to create inclusive urban governance. The study argues that
preventing forced evictions requires not only strong legal instruments but also sustained
partnerships that integrate accountability, tenant representation, and social equity into the
core of urban planning. By critically examining tenancy rights through the lens of SDG
17, this study emphasizes that meaningful partnerships are not merely supportive
mechanisms but foundational strategies for achieving housing justice and building
sustainable, equitable cities.

Keywords: Tenancy Rights, Forced Evictions, Urban Growth, SDG 17, Partnerships,
Housing Justice
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Abstract

The explosion of astronomical data from modern telescopes and surveys has made
traditional analysis methods insufficient. Machine learning offers powerful tools for
processing, classifying, and interpreting large-scale data efficiently. It enables
breakthroughs in tasks such as galaxy classification, explanted detection, and transient
event identification. ML excels in pattern recognition and automation, but challenges
remain in model interpretability and data quality. Despite these limitations, ML
significantly enhances the speed and accuracy of astronomical discoveries. This paper

explores key applications, benefits, and challenges of ML in modern astronomy.
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Abstract
Graph Neural Networks (GNNs) have emerged as a powerful class of models in Artificial

Intelligence, designed to effectively learn from graph-structured data. Unlike traditional
neural networks, GNNs can capture complex relationships and dependencies between
entities, making them highly suitable for applications such as social network analysis,
recommendation systems, molecular property prediction, and knowledge graph reasoning.
GNNs excel in learning representations that preserve both local and global graph
topology. However, they face challenges such as scalability, over-smoothing, and high
computational complexity. Despite these limitations, GNNs continue to push the
boundaries of Al by enabling more structured and context-aware learning across diverse

domains.
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Abstract

Blockchain technology, a decentralized and distributed ledger system, has emerged as a
transformative solution for secure and transparent data management. Graph theory, a
fundamental branch of mathematics, provides powerful tools to analyze, model, and
optimize blockchain structures and processes. Blockchain networks can be represented as
graphs, where nodes denote participants or blocks and edges represent transactions or
connections. Through this perspective, graph theory aids in understanding consensus
mechanisms, detecting vulnerabilities, improving scalability, and enhancing data security.
Concepts such as directed acyclic graphs (DAGs), graph coloring, connectivity, and
network flow are directly applicable in blockchain design, transaction validation, and
fork resolution. Furthermore, graph-theoretical models support efficient routing in peer-
to-peer blockchain networks and contribute to the development of next-generation
distributed ledger technologies. This integration of graph theory with blockchain not only
strengthens the theoretical foundation of the technology but also promotes innovation in

fields such as finance, supply chain, healthcare, and cybersecurity.
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Abstract

In the modern digital era, the integration of Artificial Intelligence has become
increasingly prevalent across various industries, including the media and education
sectors. The concept of "Al literacy" has emerged as a crucial skill set for individuals
seeking to thrive in the knowledge-based society of the 21st century. Al literacy
encompasses the ability to critically evaluate Al technologies, communicate and
collaborate effectively with Al, and use Al as a tool in various contexts, including online,
at home, and in the professional environment. For media students, Al literacy holds
particular significance, as they are positioned at the forefront of technological innovation
and content creation. As Al technologies continue to evolve, it is crucial to understand
the implications and competencies required for media students to effectively engage with
these advancements. Aligning with the Sustainable Development Goals (SDGs),
particularly Quality Education (SDG 4), Decent Work and Economic Growth (SDG 8),
Industry, Innovation, and Infrastructure (SDG 9), and Reduced Inequalities (SDG 10),
this study emphasizes the role of Al literacy in promoting equitable access to technology,
enhancing employability, and supporting sustainable and inclusive economic
development. Drawing on qualitative and quantitative research methods, this study
examines the ways media students use and incorporate Al tools into their workflows,
such as content creation, editing, designing, script writing, etc to enhance creativity,
productivity, and critical thinking. By using the Actor-Network Theory (ANT), this study
explores the interactions between media students and Al tools for their academic and
professional development in the Al driven future. The findings reveal a growing reliance
on Al tools among media students, with a corresponding need for comprehensive Al
literacy to ensure ethical and informed usage. The study also reveals the opportunities Al
presents, including increased efficiency and access to advanced tools, alongside
challenges such as dependency on technology and ethical dilemmas.

Keywords : Media, Artificial Intelligence, Al literacy, Sustainable Development Goals
(SDGs), Technology
105

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)
ICAISDGs-2025-A79

Robust Classification of Beta-Thalassemia Variants Using Support

Vector Machines on Hematological Data

Gurbinder Kaur
Research Scholar, School of Computer Science and Engineering

Lovely Professional University, Phagwara, Punjab, INDIA

Dr. Vijay Kumar Garg
Associate Professor, School of Computer Science and Engineering

Lovely Professional University, Phagwara, Punjab, INDIA

Abstract

Beta-thalassemia, an inherited blood disorder due to the absence of beta-globin chains, is
clinically classified as mild (minor) or severe (major) forms. Accurate and timely

differentiation is crucial for effective patient management and genetic counseling. In this
work, we propose a machine learning-based diagnostic framework that utilizes Support
Vector Machines (SVMs) for the classification of betathalassemia major and minor. The
pipeline includes PCA for dimensionality reduction, SMOTETomek for addressing class
imbalance, and grid-based hyperparameter tuning to improve the accuracy of the model.
Experimental results on a curated dataset of hematological indices validate that the
proposed method readily attains high classification accuracy and robustness, and provides

a scalable and objective tool for automated thalassemia screening.

Keywords: Beta-Thalassemia, SVM, PCA, SMOTETomek, Hyperparameter Tuning,
Machine Learning, Medical Diagnosis
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Abstract

Sustainable development has emerged as one of the most pressing challenges of the 21st
century, requiring a balance between economic growth, social well-being, and
environmental protection. Artificial Intelligence (AI), supported by mathematical
modelling, offers transformative solutions for addressing complex sustainability issues
such as climate change, renewable energy optimization, water management, and smart
agriculture. This research paper explores the integration of Al techniques and
mathematical models to promote sustainable practices. Case studies from renewable
energy forecasting, smart cities, and sustainable agriculture are examined to demonstrate
practical applications. The paper also highlights the opportunities, limitations, and ethical

considerations of using Al for sustainability.

Keywords: Artificial Intelligence, Sustainable Development, Mathematical Models,
Renewable Energy, Smart Agriculture, Climate Change, Optimization
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Abstract

Sustainable Development Goal 17 emphasizes the importance of partnerships among
governments, the private sector, civil society, and international organizations to mobilize
the resources necessary for achieving the 2030 Agenda. While North—South financial
flows once dominated development finance, the past two decades have witnessed the
growing prominence of South—South Cooperation (SSC), characterized by collaborative
exchanges among developing countries in trade, investment, technical assistance, and
policy learning. At the same time, banks and other financial institutions in the Global
South have expanded in scale, reach, and sophistication, creating new opportunities to
harness their resources and networks in support of SSC. This paper examines how
different segments of the banking sector — including commercial banks, national
development banks, regional financial institutions, and fintech platforms — can
strengthen SSC through three key functions: mobilizing and intermediating finance for
development projects; facilitating knowledge and technology transfer through financial
partnerships and innovations; and enhancing institutional and regulatory frameworks via
cross-border cooperation. Drawing on literature, case studies, and policy analysis, the
paper highlights emerging practices, identifies challenges, and proposes actionable
recommendations to amplify the banking sector’s role in advancing SSC and accelerating
progress toward the SDGs. This paper examines the role of the banking sector in
strengthening South—South cooperation (SSC) to advance Sustainable Development Goal
17 (Partnerships for the Goals). It argues that banks in the Global South have unique
comparative advantages — contextual knowledge, regional networks, and flexible capital
structures — that position them to catalyse sustainable development through
collaborative financing, risk sharing, technology transfer, and capacity building. Using a
mixed-methods approach combining literature synthesis, illustrative case studies, and
policy analysis, the paper identifies pathways through which commercial, development
and regional banks contribute to SSC, the barriers they face, and policy recommendations
to amplify impact. Key recommendations include creating pooled financing vehicles,
strengthening regional payment and correspondent banking infrastructures, incentivizing
blended finance for development projects, and building institutional capacity for cross-
border regulatory cooperation.

Keywords: SDG 17, South—South Cooperation, banking sector, development finance,
blended finance, regional cooperation, financial inclusion
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Abstract

As recommendation systems become increasingly
central to digital platforms, the need to explain their decisions has moved from a nice-to-
have to a necessity. Users often receive recommendations without understanding why,
and this lack of transparency can erode trust and hinder adoption. This paper explores the
potential of Shapley values—a concept from cooperative game theory— as a robust and
intuitive  approach to explain recommendations. Unlike many existing
interpretability techniques that rely on heuristics or model-specific mechanisms, Shapley
values offer a theoretically grounded method to fairly attribute a model’s output to its
input features. We present a conceptual framework that illustrates how Shapley- based
techniques, including KernelSHAP, TreeSHAP, DeepSHAP, and TimeSHAP, can be
applied across different types of recommendation models. Through a comparative
theoretical lens, we examine the strengths, assumptions, and limitations of these
techniques, and we argue why Shapley
values hold unique promise for building transparent, user-aligned, and accountable
recommendation systems. This work aims to bridge the gap between explainability theory

and its application in real- world recommender contexts.

Keywords - Shapley values, explainable recommendation systems, model interpretability,

KernelSHAP, transparency in Al
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Abstract

Artificial Intelligence (AI) has emerged as a transformative force in the pursuit of global
cooperation and sustainable development. In alignment with the United Nations
Sustainable Development Goal (SDG) 17—“Partnerships for the Goals”—AI offers
innovative pathways to enhance collaboration between nations, industries, and
institutions. By enabling data-driven decision-making, Al strengthens the ability of
governments, non-governmental organizations, and international agencies to share
resources, knowledge, and best practices in real time. This fosters transparency,
accountability, and inclusivity in global development efforts.One of the key contributions
of Al lies in its ability to process massive datasets to identify global trends, predict risks,
and recommend solutions. For example, Al-driven platforms can monitor climate change
indicators, optimize supply chains for food security, and support early warning systems
for natural disasters. These capabilities promote collective resilience and reduce
disparities between developed and developing countries. Additionally, Al enhances
cross-border research and innovation by providing multilingual translation tools,
intelligent communication systems, and collaborative platforms that bridge geographical
and cultural divides. In the economic sphere, Al promotes equitable growth by
facilitating financial inclusion, improving access to digital banking, and creating
opportunities for small and medium enterprises in developing regions. It also helps to
optimize global trade and investment partnerships by identifying untapped markets and
reducing transaction inefficiencies. Furthermore, Al supports knowledge transfer in
healthcare, education, and governance by enabling telemedicine, personalized learning,
and evidence-based policy formulation across borders.However, the role of Al in
strengthening global partnerships is not without challenges. Issues such as digital divides,
ethical concerns, data privacy, and the concentration of Al technologies in advanced
economies must be addressed to ensure fairness and inclusivity. International cooperation
in establishing ethical Al frameworks, technology sharing, and capacity building is
essential to prevent inequalities and to maximize AI’s positive contributions to
sustainable development. In conclusion, Al is not merely a technological tool but a
catalyst for global solidarity. By fostering inclusive partnerships, enhancing resource
efficiency, and enabling evidence-based collaboration, Al has the potential to accelerate
progress toward sustainable development goals and create a more interconnected,
equitable, and resilient world.

Keywords: Artificial Intelligence, SDG 17, Global Partnership, Sustainable
Development, Data-driven Collaboration, Digital Inclusion, Ethical Al
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Abstract

Aim/Purpose: This study compares different machine learning algorithms to predict
obesity risk using lifestyle, demographic, and health-related data. The goal is to find the
most effective model and show the importance of data-driven methods in preventive
healthcare.

Outcome:The results show that ensemble algorithms like Random Forest and Gradient
Boosting performed better than traditional models such as Logistic Regression and
Decision Trees. They gave higher accuracy, precision, recall, Fl-score, and AUC,
making them more reliable for identifying people at high risk of obesity. Research
Methodology/Approach/Design: A quantitative approach was used with secondary
datasets containing health and lifestyle information. Machine learning models such as
Logistic Regression, Decision Tree, Random Forest, Support Vector Machine, and
Gradient Boosting were trained and tested. Cross-validation and performance metrics
were used to check their effectiveness. Reliability: The models were tested on different
data splits, and the results remained consistent with little variation. This confirmed the
reliability of the findings. Novelty: This research is one of the first to compare several
machine learning algorithms for obesity risk prediction in a single study. It combines
lifestyle, demographic, and health data to show the strengths and weaknesses of each
model. Implications: The findings help healthcare professionals and policymakers choose
the best models for predicting obesity risk. They also show how machine learning can
support early detection, personalized healthcare, and better public health decisions.
Originality: This study is unique because it uses a complete comparative framework
rather than focusing on a single model. It gives a broad view of algorithm performance
and supports the use of Al in preventive healthcare.

Keywords:- Obesity Risk Prediction, Machine Learning, Comparative Analysis, Random
Forest, Gradient Boosting, Logistic Regression, Decision Tree, Support Vector Machine
(SVM), Preventive Healthcare, Data-Driven Approach.
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Abstract

Fertilizer recommendation is a critical component of precision agriculture, directly
affecting crop productivity, soil health, and environmental sustainability. Traditional
approaches such as manual soil testing and generalized guidelines often fail to address
the variability of soil properties, climatic conditions, and crop-specific requirements.
Recent advances in Machine Learning (ML), Artificial Intelligence (Al), and Internet of
Things (IoT) have enabled the development of smart farming assistants that integrate soil
nutrient data (NPK, pH, organic matter) with environmental parameters to provide site-
specific fertilizer recommendations. This review presents a comprehensive analysis of
fertilizer prediction models published between 2019 and 2025, highlighting supervised,
unsupervised, semi-supervised, reinforcement, and hybrid ML approaches. Key
algorithms such as Random Forest, Support Vector Machines, and XGBoost consistently
demonstrate superior performance, while IoT-based frameworks enable real-time and
automated recommendation pipelines. A comparative analysis of existing studies reveals
challenges, including limited and region-specific datasets, high computational
requirements, and barriers to farmer adoption. The paper also discusses publicly available
datasets, identifies gaps in current research, and outlines future directions such as hybrid
ensemble models, creation of benchmark soil-crop datasets, and development of
affordable IoT solutions. The findings suggest that ML-driven fertilizer recommendation
systems hold significant potential to enhance precision agriculture and support

sustainable farming practices in India and beyond.

Keywords: machine learning, fertilizer recommendation, agriculture, soil analysis, crop

prediction
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Proficient Machine Learning Prototype for Green Computing in
Pune region of Maharashtra using Python Programming
Language
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Abstract

Nowadays as the human race is surrounded by technical gadgets with harmful radiation
around us and as the ozone layer is depleting day by day due to technical affects
government is promoting green computing in order to reduce carbon footprint and lend a
helping hand for betterment of the situation. In today’s era of technology Machine
Learning is in high demand, through which we can make and deliver models for eco-
friendly training. When we consider Green Computing there is high need of creating
energy-efficient machine learning models. These models decrease energy use and carbon
impression related with this process. In this research paper expanding new techniques for
refining energy proficiency of machine learning models in Python Language. Here we are
targeting on methods such as model compression, small structural designs, effective
training algorithms, also hardware related minimization. In python using advanced
techniques and modules we can optimize the resources which needed in preparation and
implication rounds of machine learning models. This research paper also explains about
model correctness and energy proficiency. Focusing structure for equalling both the
parameters while adjusting model presentation. We also concentrate on possible
combining energy saving model in day-to-day life activity. Also, with importance of
machine learning algorithms. It will add increasing research evolving implementing Al

methods despite the fact increasing area of green computing.

Keywords- Machine Learning, Green Computing, Energy Saving, , Training Algorithm,
Al Methods
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Magnetohydrodynamic and Radiative Insights via the Williamson

Model
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Abstract

This research examined the heat transfer characteristics of non-Newtonian Williamson
fluid flow representing blood flow in a stenosed artery of a curved shape when subjected
to the effects of magnetic fields (MHD) and the effects of thermal radiation, with its
emphasis on the enhancement due to tetra-hybrid nanofluids. The most important thing
here is to perform numerical analyses of the influence of some of the key parameters such
as Williamson fluid parameter, magnetic field strength, radiation parameter, and artery
curvature on the velocity and temperature profiles and compare the rates of heat transfer
of the hybrid, trihybrid, and tetra-hybrid nanofluids using Nusselt number as a parameter
of performance. Momentum and energy partial differential equations are first transformed
with similar transformations and non-dimensionalities to come up with ordinary
differential equations by the introduction of some dimensionless groups to our problem of
interest. The MATLAB BVP4C solver of a nonlinear system of ODEs typical of such
flows is used to obtain numerical solutions to the resulting boundary-value problem.
Findings indicate that an elevated Williamson fluid parameter tends to enhance a marked
reduction in velocity and elevated velocity and temperature contours due to high shear-
thinning effect and enhancement of effects of vessel geometry on heat transfer, hence it
stresses the effect of an artery's geometry on heat transfer. The research on the result
comparison proves that tetra-hybrid nanofluids can produce the highest heat transfer rate,
which is highest, represented by the highest Nusselt numbers among the rest of the others,
especially when magnetic and radiation impacts are higher. These findings provide
valuable insights concerning biomedical engineering areas such as thermal therapy
optimization and vascular devices under complex design with special interest on the

phenomenon of heat transfer, most importantly.
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Abstract

In medical science, blood cell classification is a fundamental process that aids in
diagnosing and managing multiple diseases. The introduction of Convolutional Neural
Networks (CNNs) has significantly improved automated medical image analysis, yielding
high precision in cell identification. This research examines TensorFlow-powered CNN
models designed for blood cell classification, utilizing deep learning techniques to
enhance accuracy and reliability. Challenges such as dataset optimization, model training
efficiency, and performance evaluation are discussed, demonstrating how CNNs

contribute to refining diagnostic processes and elevating healthcare effectiveness.

Keywords — Tenser flow, CNN, Deep Learning, Performance evaluation.
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Abstract

The study examined the work-life balance of female faculty members at Veer Narmad
South Gujarat University (VNSGU) and its impact on their professional outcomes. The
research focused on three objectives: to evaluate the challenges faced by women in
balancing personal and professional responsibilities, to measure the influence of work-
life balance on job satisfaction and performance, and to identify the association between
poor work-life balance and stress levels. A descriptive research design was adopted, and
both primary and secondary data were used. Primary data were collected from 300 female
faculty members using a structured questionnaire, while secondary data were drawn from
journals, books, and reports. Statistical tools such as frequency analysis, descriptive
statistics, correlation, and regression were employed. The findings revealed that most
faculty members faced challenges like workload, family responsibilities, and lack of
institutional support. Results also indicated that better work-life balance was positively
associated with higher job satisfaction and improved teaching performance. On the other
hand, poor balance often led to stress, burnout, and lower productivity. The study
concluded that supportive workplace policies and flexible schedules were essential for
improving professional outcomes of female faculty.

Keywords: Work-life balance, female faculty, job satisfaction, stress, professional

outcomes
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Artificial Intelligence in Dentistry: It’s current applications and

future outlook
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Abstract

Artificial intelligence (Al) is the machine intelligence for perceiving, assimilating and
drawing conclusions from data as opposing the conventional human form of collecting
and setting up inferences from the data.

The term Al is not a new one and has been with us since quite some time now, but the
use has rocketed in the near past. With lives becoming more fast and people becoming
more competitive, Al does a lot of work and with great expertise. Contrary to human
minds doing all the work, Al is based on the data framework fed to it and it then uses its
stored information to generate results in a comparatively shorter period of time.

Al has taken the world by a storm and dentistry is no exception. With today’s ever-
changing world, dentistry has welcomed Al into its system with open arms. We can find
use of the new intelligence in almost all the specialities of the profession, ranging from
endodontics, periodontics, prosthodontics, oral and maxillofacial surgery, oral and
maxillofacial pathology, orthodontics to oral radiology.

This review focuses on the history of the development of AI in dentistry, its current
concepts and the future prospects of the technology as far as the science of dentistry is

concerned.
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Abstract

Explainable Al (XAI) is so crucial in healthcare since clinicians need to reliance and
know how Al takes decisions. Here In this paper, We have created a smart Al tool that
not only checks if a person might have diabetes, but also clearly shows how it made that
decision. We have taken help of SHAP (SHapley Additive exPlanations) is a technique
used in Explainable Al (XAI) for showing input levels like in which quantity glucose,
BMI, age these things and at the end final prediction decision will be made by Al
prototype. We have also checked our prototype by the use of Pima Indians dataset for
diabetes patients. Our prototype presented approximately 85.4% correctness. It also states
that healthiness reasons which crucial for prediction decision results. Because of above
model specialists mark more enhanced and reliable conclusions quantity wise and also

take decision as per algorithm and then patient can take appropriate action about it.

Keywords- SHAP, XGBoost, Machine Learning, understandable AI, Healthcare, ,
Scientific Judgement Support, Interpretable prototype
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Abstract

The present research assesses the effects of combined magnetohydrodynamics (MHD)
thermal radiation, radius of curvature, porous medium, chemical reaction, heat generation,
and heat and mass transfer on the governing flow of a non-Newtonian Williamson tetra
hybrid nanofluid in an artery, and a comparative assessment with other nanofluids is also
to be done. The mathematical model describes the effects of a magnetic field and
radiative heat flux and is found numerically by a BVP4C applied over a set of physical
parameters. The quantitative findings indicate that the concentration profile curves down
with increasing chemical reaction, whereas the same profile rises with an increasing
radius of curvature. The trends are always observed in hybrid, trihybrid, and tetra-hybrid
nanofluids, with the plots showing that the tetra-hybrid nanofluid shows the highest rate
of heat and mass transfer as compared. The results can be immediately employed in
biomedical engineering, in cases where one optimizes blood flow and heat exchange in
artificial arteries or targeted drug delivery channels, in novel cooling and catalytic flows
in porous media, where careful flow and thermal transport distribution is most important.

Keywords:- Porous Artery, Tetra-hybrid nanofluid, radius of Curvature, Chemical

Reaction, heat generation, MHD.
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Abstract

India is witnessing an increasing uptake of Industry 4.0 technologies in agro-processing
SMEs, which are the backbone of rural livelihoods and export competitiveness. The study
assesses the impact of automation, the Internet of Things, artificial intelligence and the
adoption of the Bitcoin protocol on company performance using a mixed methodology
with survey data from 300 SMEs in the dairy, processing, fruit and vegetables and spices
sub-sectors, complemented by secondary benchmarks from FAO, MoFPI, WTO and
NABARD. Advanced analysis, including OLS regression, ANOVA, correlation,
smoothed regression, and SEM mediation, shows that adoption increases productivity,
efficiency, and export competitiveness. The results highlight important sub-sectoral
differences, strong links between the blockchain and exports, and the crucial role of
policy support and skills of the workforce in shaping results. While automation and the
Internet of Things are catching up, the field of Al and automation remains nascent. The
study contributes by integrating micro- and macro-evidence, by developing a moderated

empirical model and by offering a roadmap for the gradual adoption of SMEs.

Keywords: Agro-processing, technological development, SMEs, productivity, industry
4.0, blockchain
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Abstract

Treatment of detecting brain tumors depends on a correct diagnosis. In order to improve
tumor diagnosis from magnetic resonance imaging (MRI) images, this work offers a
unique hybrid Convolutional Neural Network (CNN) model optimized utilizing the
Dynamic Arithmetic Optimization Algorithm (DAOA) and Artificial Rabbit
Optimization (ARO). The strategy seeks to reduce training loss while preserving high
accuracy in order to overcome shortcomings in current CNN designs. Key terms,
partnerships, and funding patterns in CNN-based brain tumor research were investigated
by bibliometric analysis utilizing the Scopus database and the VOSviewer tool. The
suggested hybrid CNN model's 100% accuracy rate attested to its dependability in
medical imaging. ARO delivers the lowest training loss of 0.000178, outperforming
DAOA, according to a comparative investigation. Using L15 orthogonal arrays and a
Box-Behnken architecture, the model's performance was further enhanced, allowing
optimal values for training size, learning rate, and epochs. The results highlight the value
of bigger datasets and group learning in improving CNN performance. The combination
of CNN models with metaheuristic algorithms in this work is new and greatly increases
diagnostic accuracy. Researchers and medical professionals may get useful insights on
research networks and institutional contributions from the bibliometric data. These results
demonstrate how Al may help with brain tumor early diagnosis and therapy. In order to
further advance Al-driven diagnoses, future research may build on this framework by
assessing the model's generalizability across additional medical diseases and datasets.

Keywords: Artificial Rabbits Optimization; Brain Tumor; Dynamic Arithmetic
Optimization Algorithm; Magnetic Resonance Images; Metaheuristic Algorithms
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Abstract

The Attendance Management System improves attendance tracking in educational
settings by incorporating location-based authentication, a single OTP, and deep learning-
based face verification. At the beginning of each class, the staff member generates a one-
time password (OTP) that verifies their presence at the designated location. This OTP
serves as both the check-in and check-out method for marking attendance. To enhance
security, the system utilizes deep learning algorithms for face verification, ensuring that
the person confirming the OTP is the authorized staff member. Real-time facial images
are captured during class and analyzed using a deep learning model, such as a fully
connected neural network or other advanced architectures, to verify the staff member's
identity. Only when both the location-based OTP and face verification conditions are met
does the system register attendance. This method effectively reduces the risk of proxy
attendance and ensures accurate, secure attendance tracking for educational institutions.

The Attendance Management System revolutionizes staff authentication in educational
environments by integrating location-based OTP verification with deep learning-powered
facial recognition. At the start of each session, staff generate a one-time password that
confirms their physical presence at the designated location. This OTP doubles as both
check-in and check-out validation. To prevent impersonation, the system captures real-
time facial images and verifies identity using advanced neural network models.
Attendance is only recorded when both the geolocation and biometric checks are
successfully passed, ensuring secure, accurate, and tamper-proof tracking while

eliminating proxy attendance.

Keywords: Authentication Mechanisms, Data capture and Processing, Automated
Attendance Logging, Enhanced Security Measures and FCNN (Fully connected Neural
Network).
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Abstract

Owing to endometriosis, individuals with ectopic uterine tissue may suffer from pain,
swelling, and reproductive challenges. Traditional diagnosis methods like laparoscopy
and ultrasound are drawn-out, invasive, and can yield false or delayed results. This
hinders therapeutic efficiency. To address this problem, a new Hyper Capsule ResNet50-
CNN method has been developed to classify ovarian cysts through ultrasound images.
Initial image processing enhances detail via Butterworth Filters, then Modified
Watershed Segmentation highlights follicles or cysts. The RBC algorithm isolates crucial
biological markers, allowing for accurate feature extraction from ultrasound data. The
capsule network enhances the Hyper Capsule ResNet50 CNN’s ability to identify key
features without the vanishing gradients problem. Experimental results show this method
effectively classifies ovarian cysts into two stages (Endometriosis Cyst and Normal
Ovary) This innovative approach streamlines endometriosis diagnosis, providing a faster,

more reliable, and adaptable tool for future applications.

Keywords: Endometriosis, Hyper Capsule ResNet-50 CNN, Ultrasound Images,
Watershed Segmentation.
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Abstract

Surrogacy presents a complex intersection of reproductive technology, women’s rights,
medical ethics, and socio-legal challenges. India’s transition from a flourishing
commercial surrogacy sector to a restrictive altruistic model through the Surrogacy
(Regulation) Act, 2021 was intended to safeguard surrogate mothers. However, the lived
realities of surrogate women reveal significant gaps in autonomy, health protection,
financial security, and legal remedies. This study examines the current legal framework
governing surrogacy in India, evaluates the extent to which it protects surrogate mothers,
identifies major loopholes, and proposes reforms aimed at creating a more equitable and
rights-based surrogacy system. The research adopts a doctrinal and socio-legal approach,
drawing insights from statutory analysis, judicial trends, and empirical observations
reported in earlier studies.

Keywords

Surrogacy, Surrogate Mothers, Surrogacy Regulation Act 2021, Women’s Rights, Legal
Safeguards, Autonomy, Human Dignity.
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Abstract

Among mental health disorders, depression is the most harmful, impacting both
individuals and society. Currently, this disorder affects 280 million people globally.
Therefore, using machine learning algorithms to predict this disorder helps individuals
detect depression at an early stage and provides additional support. In this paper, our
focus is on reviewing depression classification methods that utilize machine learning
algorithms for medical signals. In the medical signals, ECG, EEG, and wearable devices
are used for data collection. Followed by preprocessing of this dataset to prepare it for the
machine learning algorithm by passing it through filters, extracting features, and splitting
it into training and testing ratios. Next, machine learning and its subfield, deep learning
algorithms, are utilized for depression classification. In the literature, binary and multi-
class depression classification is done by various authors, and evaluation is done using
the various performance metrics, including accuracy, recall, precision, and F-score.
Based on this review, we have defined the future research directions to enhance the
depression classification method by hyper-tuning the parameters of the pre-processing
and ML algorithms using the metaheuristic algorithms. Also, SHAP and LIME analysis

on the collected data to determine which factor plays an important role in the depression.

Keywords— Deep Learning, Depression, Detection, Disorder, ECG, EEG, Machine

Learning, Medical, Prediction.
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I. INTRODUCTION

Human well-being is greatly influenced by mental health. Research indicates that those
who are more satisfied with their lives also have lower levels of depression and anxiety
and are more involved at work. Conversely, those who are dissatisfied with their life are
more likely to be less productive and have poorer mental health [1]. Mental health
conditions like depression may seriously affect a person's capability for clear thinking,
restful sleep, social interaction, and daily activities. Effective planning is necessary to
lessen the damage that depression does. However, there are still four main challenges to

predicting clinical depression [2]:

® Inadequate Objective Measures: Unlike many physical illnesses, depression doesn't
have evident symptoms. Instead, clinicians mostly depend on psychological surveys
and patient reports. This dependence may result in bias when people provide false
information due to personal biases, societal expectations, or difficulties in recalling
the past.

® Scarce Medical Resources: When it comes to diagnosing and treating depression,
there is a severe lack of medical experts and resources. In low- and middle-income
countries, approximately 75% of patients fail to get timely diagnosis and treatment.
Additionally, the lack of efficiency and the extended duration of personal meetings
with psychiatrists contribute to the resource limitations in psychiatric care.

® Financial Barriers: Many people suffering from depression have limited access to
regular and effective treatment due to financial constraints. Mental health services
are normally expensive, regardless of whether one has insurance or financial support.

® Social Stigma: Mental health care is often refused or avoided by the public because
of misunderstandings. When people disclose mental health issues, they may worry
about possible negative consequences at work or fear distinct attention from friends

and family.

Researchers have recently suggested machine learning-based methods to tackle
depression prediction issues, which strengthened the theoretical basis in this area. These
methods are critical for depression prediction because they automatically extract key
characteristics from depression data, showing the fundamental relationships between
clinical signs and physiological indicators [3-4]. Therefore, in this paper, we have
explored and analyzed the depression classification based on the machine learning
algorithms. Furthermore, the review is conducted by considering the various factors of
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the depression classification method, including data collection, pre-processing method,
ML algorithm, input and output attributes, evaluation criteria, performance indices, and
influence drawn from it. Finally, from this survey, we have defined the research
challenges of the previous studies and defined the future scope to enhance the previous
depression classification method using the hyper-tuning of the parameters of the pre-
processing and ML algorithm. We also illustrated how SHAP and LIME algorithms help

to identify the crucial factors in depression classification from the dataset.

Section 2 presents the material and method. In this section, search strategy, followed by
inclusion and exclusion strategy and data of interest, is defined. Section 3 defines the
medical signal-based depression classification method using machine learning. Section 4
explains the machine learning algorithms that are utilized for depression classification.
Section 5 defines the research challenges of the previous studies. Finally, the article is

concluded, and future research direction is defined in Section 6.

II. MATERIAL AND METHOD
A. Search Strategy

In this article, to conduct the review of the previous depression classification method, the
Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) model is
considered. The research articles were explored using different databases, such as IEEE,
Springer, Science Direct, MDPI, and PubMed. Furthermore, different combinations of
keywords were used to identify the appropriate articles from these databases.

‘Medical” AND ‘Machine Learning’

‘Medical” AND ‘Machine Learning” OR ‘Deep Learning’

‘ECG’ OR ‘EEG’ OR ‘Wearable Devices’ AND ‘Depression’

‘ECG> OR °‘EEG’ OR ‘Wearable Devices’ AND ‘Depression’ AND
‘Classification’

‘ECG’ OR ‘EEG’ OR ‘Wearable Devices’ AND ‘Depression’ AND ‘Detection’

e ‘ECG’ OR ‘EEG’ OR “Wearable Devices’ AND ‘Depression’ AND ‘Recognition’
e ‘ECG’ OR ‘EEG’ OR ‘Wearable Devices’ AND ‘Depression’ AND ‘Prediction’

B. Inclusion and Exclusion Strategy

Both duplicates from two databases and studies that didn't fit the following inclusion
requirements were removed:

e The depression classification approach used in this study was limited to machine
learning and deep learning. The other methods based on statistical analysis using
the statistical methods were excluded.
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e This review only focused on the classification of human activities using wearable
data, ECG, and EEG. Excluded research included feature selection without end
classification, non-human studies, and power analyses.

e Studies about mental stress were included; studies about sadness, anxiety,
emotional behavior, or suicide thoughts were not eligible.

e Because this area of study is developing so quickly, only articles published
between January 2024 and June 2025 were taken into consideration for this
review article.

C. Data of Interest

The main variable categories collected from each paper
were as follows:

1. Experimental environment:

* Stressor type

* Experiment duration

» Number of participants/subjects

2. EEG/ECG/Wearable Device preprocessing techniques
3. Type of EEG/ECG/Wearable Device input:

* EEG/ECG/Wearable device input signal features type

* Number of electrodes/channels used

* Electrode location

4. Machine Learning and Deep learning algorithms:

* ML/DL architecture used

* Hyperparameters include things like activation functions and the number of layers.

1. MEDICAL SIGNALS FOR DEPRESSION CLASSIFICATION

The ECG, EEG, and wearable devices are the medical signals of the patients that are
considered for designing the depression classification method. In this section, an
overview of these signals is given.

e ECG: In 1967, Wolf presented the importance of heart rate variability (HRV) in
psychophysiology. He characterized it as a measure of brain and vagal-heart
interaction. Heart rate variability (HRV) is the change in the time between heartbeats
[5]. IBIs, or "inter-beat intervals," are the term used to describe this period. The
autonomic nervous system's (ANS) non-linear dynamics and heart-brain connections
are known to affect heart rate variability. The two branches of the ANS are the
sympathetic nervous system (SNS) and the parasympathetic nervous system (PNS).
Heart rate is controlled by the balance of processes between the two branches, which
are regulated by certain mediators. The vagal nerve releases acetylcholine, which
mediates the parasympathetic branch. On the other hand, the adrenal medulla releases
norepinephrine (NE) and epinephrine (E), which facilitates the sympathetic branch.
Parasympathetic and sympathetic activity are modulated by the interaction of
acetylcholine with epinephrine and norepinephrine and their respective receptors.
Cardiovascular variations are the result of variations in the balance between the SNS
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and PNS. Cardio acceleration results from a ratio of increased SNS activity to reduced
PNS activity, whereas cardio slowdown results from the reverse ratio (high PNS and
low SNS). Heart rate variability is made up of the ongoing exchanges and balancing
processes between sympathetic and vagal activity. Electrocardiography (ECG) may be
used to investigate the rhythmic effects of sympathetic and parasympathetic activity
on changes in heartbeats. Variations in IBIs are predicted in healthy persons due to the
inherent irregularity of subsequent heartbeats. On the other hand, stability adjustments,
environmental disturbances, or mental or physical problems might be indicated by
regularity and reduced variation.

EEG: The EEG signals are very important for determining what's going on in the
brain and identifying diseases like depression [6]. They are non-invasive and have a
high temporal resolution. Electroencephalogram (EEG) signals are recordings of
electrical potentials on the scalp that represent cortex neuronal activity. These signals
are distinguished by a variety of characteristics, including frequency, amplitude, and
power, which can be analyzed using both linear and non-linear methods. When EEG
records are made, they usually use a standard method for placing the electrodes, like
the International 10-20 system. This makes sure that all parts of the brain are covered
consistently and completely. For example, to record a wide variety of brain activity,
electrodes are applied to the frontal, parietal, temporal, occipital, and central regions of
the scalp. In several research initiatives, the most often used EEG device for data
collection is the HydroCel Geodesic Sensor Net (HCGSN). The whole brain is
covered by the device's 128 channels. The neuroscan device, which has 64 channels, is
the second most frequently employed EEG device. Furthermore, a three-channel data-
collection system has been developed by Lanzhou University's Ubiquitous Awareness
and Intelligent Solution Lab (UAIS).

Wearable Device: In this approach, the medical signal is collected through smart
watches, fitness trackers, or any specialized sensor devices.

IV. MEDICAL SIGNAL BASED DEPRESSION

USING MACHINE LEARNING

CLASSIFICATION METHOD

This section presents the critical analysis of the previous depression classification method
for medical signals. The factors considered to conduct this critical analysis are year,
objective, preprocessing method, machine learning, dataset, evaluation criteria, input and
output, performance parameters, and inference drawn.

Table 1 Critical Analysis of Depression Classification Method
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the
input
dataset
using
the
SHAP.

V. RESEARCH CHALLENGES IN THE PREVIOUS STUDIES AND FUTURE
DIRECTIONS

This section presents the research challenges that are found in the previous studies, for

which further improvement is possible in order to enhance the depression classification

methods.

® Prior approaches to depression categorization, detection, and prediction used
machine learning and deep learning algorithms without providing a clear explanation
of the reasoning behind the findings. The Explainable Al (XAI) methodologies will
be used in the future to improve and provide more reliable outcomes. This
methodology not only enhanced the interpretability of earlier models but also offered
a deeper understanding of the variables affecting their predictions. The literature
available for factor analysis contains two different explainable Al methods: SHAP
(SHapley Additive exPlanations) and LIME (Local Interpretable Model-agnostic
Explanations) [14]. A popular approach for explainable AI, SHAP analyzes any
ML model by giving each feature a contribution value based on the prediction,
allowing for equitable attribution. LIME, on the other hand, is a basic, interpretable
Al framework that approximates an advanced model to explain individual
predictions. This method has helped to clarify how the model responds to certain
data points.

® [n the previous methods, the preprocessing and ML/DL algorithms are used without
hyper-tuning the parameter values that impact the performance of the depression
classification method. In the future, we will consider the metaheuristic algorithms for
hyper-tuning the parameters [15]. Besides that, multi-objective function will be
design to enhance the multiple characteristics of the depression classification method.

® The data collected in the literature to validate the performance of the depression
classification method is very small. In the future, we will combine several databases
or use the data augmentation technique to generate a large amount of dataset to
validate the performance of the depression classification method.

VI. CONCLUSION

In this article, we have studied and analyzed the depression classification methods
considering the machine learning algorithms for classifying the depression by evaluating
the medical signals. The ECG, EEG, and wearable devices are used to generate the
medical signals. Furthermore, in this research, various factors of the depression
classification methods are considered for critical analysis purposes. From this analysis,
we found that preprocessing of this dataset is done to prepare it for the machine learning
algorithm by passing it through filters, extracting features, and splitting it into training
and testing ratios. On the other hand, machine learning and its subfield, deep learning
algorithms, are utilized for depression classification. Also, we found that the authors have
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designed the binary and multi-class depression classification methods. The binary
depression classification method defines whether depression is present or not, whereas
the multi-class depression method defines the stage of depression. We have defined the
research gaps, like no analysis is done on which factors play an important role in the
depression, hyper-tuning of the parameters, and small dataset size. Finally, we have
defined the SHAP and LIME methods for determining the main factors of depression,
metaheuristic algorithms for hyper-tuning the parameters, and data augmentation to
enlarge the dataset.

List of Abbreviations

API: Application Programming Interface
SVM: Support Vector Machine

ML: Machine Learning

DL: Deep Learning

RF: Random Forest

CNN: Convolutional Neural Network
LSTM: Long Short-Term Memory
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Abstract

The study of the fashion industry and Generation Z consumer behaviour toward artificial
intelligence-enabled innovations reveal that Al has the untapped ability to motivate the
industry to operate in a manner aligned with the SDGs through encouraging responsible
consumption from Gen Z. It also provides policy recommendations, ethical Al
frameworks, and directions for further research to reinforce the enduring sustainability of
the sector. The United Nations Sustainable Development Goals (SDGs), Generation Z
(Gen Z) consumer behaviour, and Al-enabled innovations in the fashion industry are
reshaping the global apparel environment. Gen Z are engaging the digital culture and
exhibiting high levels of environmental and ethical concern to advance SDG 12
(Responsible Consumption and Production) and SDG 13 (Climate Action). The fashion
industry is becoming Al-enabled with innovations like personalised recommendations,
virtual try-ons, and a more optimised supply chain, which helps in making fashion more
sustainable, overproduction can be reduced, while encouraging a circular economy. To
examine this, a systematic literature review was conducted, which included peer-
reviewed articles and empirical studies published between 2015 and 2025, sourced from
various databases. It was found that Gen Z, as a consumer cohort, cares for
environmental sustainability and participates in sustainable consumption through Al-
powered platforms. There are also persistent, unresolved issues, such as the sustainable
choice mechanisms of social media and digital platforms, Al algorithmic discrimination,
data privacy, and the intention-action gap, which hinder impact.
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Key words: Generation Z, Sustainable Fashion, Artificial Intelligence (AlI), Sustainable
Development Goals (SDGs), Responsible Consumption.

[. INTRODUCTION

The global fashion industry is undergoing a significant shift due to two convergent
forces, i.e., the fast use of artificial intelligence (Al) and the need of sustainable growth.
Fashion is none of the most resource-intensive sectors, and its effects on the environment
and society are drawing more and more criticism. This has prompted academics and
professionals to investigate how industry processes may be redefined by combining

sustainable principles with new digital technology [1] [2].

Born between the mid-1990s and the early 2010s, Generation Z (Gen Z) has become a
significant force for change among consumer groups. Gen Z is changing the global
fashion markets by requiring ethical, environmentally sustainable and technologically
integrated solutions. They are distinguished by their digital fluency, environmental
awareness and value-driven decision making [3] [4] [5]. Research shows that Gen Z is
more likely to embrace sharing economy platforms, resale markets and brands aligned

with circular economy principles [6] [7].

Parallelly, Al has become an important driver for sustainability and innovation in the
fashion industry. Uses include supply chain optimisation, demand forecasting, design
automation and customer personalisation [8] [9]. Al has also been acknowledged for its
capacity to decrease waste and overproduction while facilitating circularity-promoting
business models [10] [11]. According to Winarto & Wisesa, [12], Guerra-Tamez [13],
Um et al [14], Gen Z customer’s purchasing intents are eventually influenced by Al-
driven experiences that not only improve personalisation but also increase trust in

sustainable brands.

Despite an increase in research, most studies now in existence focus on the adoption
of Al and Sustainable fashion practices independently, with little attention paid to how
they interact. Few studies examine how Gen Z’s consumption of sustainable fashion in a
variety of markets is directly influenced by Al-enabled systems [15] [16]. Furthermore,
the contribution of Al-driven practices to broader sustainable development goals (SDGs)
remains underexplored. In order to close this gap, the current study examines how Gen
Z’s sustainability-focused decisions interact with Al-enabled fashion consumption with

consequences for both academia and business.
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II. NEED FOR THE STUDY

The fashion sector is under increasing pressure to embrace Al-driven innovation and
align with sustainability. Fashion consumption patterns are changing as a result of
GenZ’s strong digital fluency and environmentally sensitive attitudes. However,
research has largely examined Al adoption and sustainable fashion independently,
paying little attention to how they work together to affect Gen Z’s decisions or support
the SDGs. This study is needed to bridge the gap by exploring how Al-enabled fashion
can drive sustainable consumption among Gen Z and support broader sustainable

development goals.

III. LITERATURE REVIEW
A. Generation Z and Sustainable fashion consumption.

Studies show that Gen Z is a generation that values green fashion and circular economy
practices. According to Zhang et al. [3], Chinese Gen Z consumers exhibit a significant
interest in environmentally conscious apparel consumption, which is supported by
research on clothing trends. The influence of green brand attributes and peer-based
motivations on Gen Z's fashion choices was also highlighted by Palomo-Domnguez et al.
[4]. A study by Rajkovi et al. [17] in Serbia showed that Gen Z is open to exploring new
sustainable consumption models, and they favour the sharing economy platforms. Earlier
research by Gazzola et al. [7] has supported the finding that Gen Z is the most
environmentally conscious group, as these findings are consistent with earlier research

conducted by other researchers.
B. Artificial intelligence in the fashion industry.

Al has become a game-changer in the fashion industry, revolutionising the way we
approach fashion and our work. Bolesnikov et al, [10] highlighted the importance of Al
in enhancing purchasing experiences in sustainable fashion. Lee [8] further explored how
Al-powered creative systems improve fashion design processes, promoting innovation
and resource efficiency.[page 11]. The sustainable transformation of the industry was
emphasized by Biekowska [1]and De Lima [9] as Al's potential impact on personalization
and consumer experiences. Ramos et al. [2] published results in 2010-2022, highlighting
the significant role Al played in promoting sustainable fashion by identifying its potential

to reduce waste and enhance supply chain efficiency.
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C. Al and Gen Z Consumer Behavior.

Gen Z's digital proficiency enables them to interact with Al-controlled platforms.
Winarto and Wisesa [12]observed that Gen Z purchase intentions are positively
influenced by Al-based strategies, particularly when they consider sustainability values.
Guerra-Tamez et al. [13] found that Al-led branding has a significant impact on Gen Z's
trust and purchasing decisions, emphasising the relationship between technology and

consumer confidence.
D. Nudging and behavioral influence

The Gen Z's digital proficiency enables them to interact with Al-controlled platforms.
According to Winarto and Wisesa [12], strategies that incorporate Al have a beneficial
impact on Gen Z purchasing intentions, especially when they consider sustainability
principles. Al-driven branding has a significant impact on Gen Z's trust and purchasing
decisions, as demonstrated by Guerra-Tamez et al. [13]. By creating the EcoFashion
Scanner, Um et al. [14] demonstrated how Al can bridge the gap between Gen Z and

traditional sustainability by motivating them to choose environmentally friendly options..
E. Emerging trends and market dynamics.

Research also documents changing market dynamics that are influenced by Gen Z.
According to Kowsalya [15]and Lui et al [16], Gen Z is revolutionising fashion markets
in India and Croatia by emphasising sustainable and digital-first brands. Greenpeace
pledges are increasingly being prioritised by Gen Z' inclination, behaviour and
purchasing decisions [18]). The rise of digital circular fashion systems that are
compatible with sustainable development was signalled by Wang and Sun [11] through

the introduction of an Al-controlled wardrobe exchange platform.

Key Papers for this literature review:

Paper Methodology Population Key Results

Gen Z values eco-friendly brands

(Palomo- . Gen Z .
] Mixed methods (focus . but often chooses fast fashion;
Dominguez (Vinted )
groups, survey) brand messaging needs to be more
et al., 2023) users) o L
explicit for sustainability.
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Paper Methodology

(Zhang et al., Quantitative (survey,

2023) cluster analysis)
(Bienkowska, ) )
Systematic review
2024)
(Um et al., S desi
urvey, app design
2024) ¥ APp CESIE
(Bolesnikov
Survey, PLS-SEM
et al., 2022)

IV. RESEARCH GAP

Population Key Results

Identified eco-conscious and

292
. indifferent consumer segments;
Chinese ) i
females more likely to engage in
Gen Z ] )
sustainable fashion.
Al supports sustainability via data-
. centric design, forecasting, and
Fashion . . |
. experience-oriented services;
industry o )
adoption limited by economic
priorities.
High awareness but low
GenZ & ) ) o
) . . sustainable purchasing; digital
Millennials

tools can bridge the green gap.

Fashion Al influences both consumer and
stakeholder corporate sustainability behaviors;
s& information on ecological impact is

consumers key.

e There are a few studies which have explored Al and sustainable fashion together.

e Limited research on Gen Z’s Al-driven sustainable consumption.
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e Lack of clarity on AI’s contribution to SDGs in the fashion sector.

V. RESEARCH OBJECTIVES

e To examine how Al-enabled innovations shape Gen Z’s sustainable fashion

consumption.

e To analyse the relationship between Gen Z’s eco-conscious behaviour and Al-

driven fashion solutions.

e To evaluate the contribution of Al-enabled sustainable fashion practices towards
the SDGs.

VIL.METHODOLOGY

This study examines the relationship between artificial intelligence (Al), sustainable
development and the fashion consumption of Generation Z using a Systematic Literature
Review (SLR) methodology. The SLR methodology ensures transparency, replicability,

and rigour in identifying, screening and analysing relevant scholarly contributions.

A. Inclusion
e Peer-reviewed journal articles, conference proceedings or indexed research papers.
e Papers published between 2020-2025 have been used.

e Main focus on Al in fashion, sustainable development in fashion or Generation Z

consumer behaviour.

B. Exclusion

e Papers which only focused on fashion without addressing sustainability or Al were
not included.

e Non-scholarly sources like blogs, news articles, and reports without peer review

were not included.
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C. Data Sources

The literature search was done by using a published database, ensuring comprehensive
coverage of relevant studies. Keywords like “Generation Z”, “Fashion industry”, “Al”,
“Sustainability” and “consumer behaviour” were used to search for the relevant

literature and these literatures were sourced from various academic data bases like:
e Google Scholar.

e Research Gate.

D. Screening Process

The review process followed three stages:
¢ Identification- Initial search yielded 80+ articles across databases.
e Screening- Abstracts and titles were reviewed for relevance.

¢ Inclusion- After applying inclusion/exclusion criteria only 18 articles were finalised

for detailed analysis.

E. Limitations

e The study covers only English language publications, and it did not include
valuable non-English research.

e Conference papers were considered, but some may lack the rigor of peer-reviewed

journal articles.

e Papers before 2020 were not included.

VII. THEORITICAL FRAMEWORK

The study combines Theory of Planned Behavior(TPB) by Ajzen (1991) and the
Technology Acceptance Model(TAM) given by Davis (1989). TPB examines how
attitudes, subjective norms and perceived behavioral control influences Gen Z’s
sustainable fashion choices and on the other hand, TAM explains the technological
dimension which emphasizes how perceived usefulness and ease of use shape the
acceptance of Al enabled fashion tools. The combination of these two theories helps in

understanding the psychological drivers of sustainability-oriented decisions and the
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technological determinants of Al adoption, offering a comprehensive explanation of how
Gen Z embraces Al-enabled fashion consumption in alignment with sustainable

development goals.

A. Conceptual model

Perceived
Usefulness \ Attitude
/ ]
Perceived Ease

of Use

Sustainable

Subjective

Norms Behavioral Consumption

Intention " Behavior

I

Perceived Sustainable
havioral

Behavioral | Development
Control Goals.

Fig 1. Proposed Conceptual Model of Al Adoption and Sustainable Fashion Censumption (TAM-TPB
Integration)

The model combines the technological perceptions of Gen Z's shopping behavior with
social-psychological considerations, such as TAM (Technology Acceptance Model) and
TPB (Theory of planned behavior). Furthermore, the model aligns with Sustainable
Development Goal 12 (Responsible Consumption and Production) by emphasizing how
Al-powered innovations and consumer behavior can foster sustainability in the fashion
industry.

VIII. LINK TO SUSTAINABLE DEVELOPMENT GOALS

Sustainable

Connection to the Contribution to Sustainable
Development Paper Development
Goals (SDG) p P
This paper highlights
SDG 12: how Al-enabled fashion Promotes responsible production and

practices (customization,
resale market, sharing
platforms) have reshaped
Gen Z’s sustainable
consumption behavior.

consumption by reducing waste, preventing
overproduction, extending product
lifecycles, and encouraging reuse/recycling.

Responsible
Consumption
and Production
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Gen Z’s climate-
conscious choices.
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Contribution to Sustainable
Development

Contributes to climate change mitigation
y lowering carbon footprints, encouraging
eco-friendly consumption, and spreading

awareness of fashion’s role in climate

action.

IX. DATA ANALYSIS AND INTERPRETATION

The findings from the literature review highli
been categorised into three main areas:

Theme Findings from Literature

Gen Z values eco-friendly
en 7 and Principles, ethical production

G i ractices, and transparency.
Sl;i;?gﬁle pThey are drawn to I;ircula};
fashion and the sharing
economy [3][4][S][6][7][16].
Al is used to enhance
Al personalizat.ior}, forecast
Applications demapd, Op’[ll’nl.ZC. supply
i Fashion chains, and minimize
overproduction
[1I2]1[8][9][10][11].
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Theme Findings from Literature Interpretation

Gen Z’s sustainable choices

are influenced by Al-driven Leveraging Al improves consumer
Al & . . . )
. solutions such as eco-fashion experience and strengthens trust in
Sustainability . .
Intersection scanners, Al-powered sustainable brands, supporting SDG 13
wardrobes, and Al-based brand  through climate-conscious choices.
trust [12][13][14][15].

This table summarizes the key findings from the reviewed literature and interprets them
in relation to the study objectives, highlighting the dual role of Gen Z and Al in
promoting sustainable development.

X. FINDINGS

e Gen Z who are the sustainability-conscious consumers plays a significant role in
shaping sustainable fashion.

e The use of Al powered solutions can improve shopping convenience, provide
information on environmental impact and promote sustainable practices.

e There are strong studies which have been conducted using different methods,
varying from quantitative to qualitative and review depending on the country.

e Economic considerations and technological barriers hinder the adoption of Al in
sustainable fashion.

e Despite the focus on value and action, affordability, style and convenience for
Generation Z’s sustainability goals, there is a gap in understanding of sustainable
choices.

XI. DISCUSSION

As per the literature, Gen Z stands out as a group that is both digital natives and
advocates for sustainable fashion. This makes them an essential part of the future of
sustainable clothing [16] [15]. They are not as conscious of their values or actions as
they should be. Practical challenges such as cost, quality, and convenience must be
tackled [4] [5] [14]. Al-based solutions can enhance experiences, provide information
about sustainability, and promote environmentally friendly choices [12] [10] [9] [11]
[14].
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The research is robust and utilizes various methods from quantitative, qualitative, and
review studies across different countries. The literature on this topic has some
shortcomings, including the use of self-reported data, reliance on urban samples, and the
requirement for more long term and cross-cultural studies [4] [3] [18]. The use of Al in
sustainable fashion is still a new phenomenon, and its progress is hindered by economic
and technological obstacles [1] [2]

XII. SUGGESTION

No. Suggestion Aligned SDG

Build Al-driven, sustainable platforms (eco-fashion
1 scanners, Al-backed wardrobes, and supply chain SDG 12
optimizers) to integrate Al with sustainability practices.

Using Al-driven transparency tools, you can get
2 immediate environmental data to help explain the role of SDG 12, SDG 13
Al in responsible consumption and climate change.

Promote sustainable consumption among Gen Z by
3 integrating resale, rental, and sharing economy models SDG 12
into mainstream fashion businesses.

Develop ethical Al systems that address issues of
4 algorithmic bias, inclusivity, and data privacy to SDG 12, SDG 13
facilitate the adoption of Al in a sustainable manner.

Encourage international collaboration between industry,
policymakers, and academia to establish common
standards, bridging the gap in research on Al's
contribution to SDGs.

SDG 12, SDG 13

This study highlights the literature gaps, and these recommendations directly apply. The
need for research connecting Al and sustainability results is being met by developing
sustainable platforms and transparency tools that do the same. The adoption of circular
economy practices reflects the digital consumption mindset of Gen Z, leading to
responsible production in line with SDG 12. Ethical Al systems safeguard inclusivity
and responsible innovation, while global collaborations clarify the role of Al in
achieving SDG 12 and SGD 13. These approaches combine scholarly research with
practical practice to create a bridge between research gaps and guide the sustainable
transformation of the fashion industry.
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XIII. CONCLUSION

This study focused on the Sustainable Development Goals (SDGs) and looked at how
these Al-backed innovation relates to Generation Z's sustainable fashion choices. It also
explored the impact of Al technologies on Gen Z's environmentally conscious fashion
choices, compared their behaviour against similarly Al-driven practices and then assessed
the wider sustainability effects of "advanced fashion solutions with AL". Gen Z's
involvement in sustainable consumerism is emphasised through research, which
highlights the importance of digital innovation, transparency and circular economy
models. However, gaps remain due to the lack of action on sustainable fashion practices
and limited adoption of Al frameworks, as well as economic barriers.

In order to tackle these issues, this paper proposes developing sustainable platforms that
use Al instead of traditional methods, tools that address transparency and integrate
reselling, rental/sharing models, which directly align with Gen Z's values. Furthermore,
the establishment of ethical Al principles and international cooperation can enhance the
contribution of Al to sustainability. As a whole, these measures are not only in line with
research gaps but also align with the study's findings and objectives, contributing
meaningfully to SDG 12(Responsible Consumption and Production) and SGD
13(Climate Action). Thus, this study highlights Al's transformative potential in
promoting sustainable fashion practices while positioning Gen Z as a global leader for
achieving the global sustainability agenda.
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Abstract
The National Education Policy (NEP) 2020 is an educational policy , aimed at revising
and revamping the schools and colleges in India so that it can align with modern
education standards. After the “Paris Agreement” in 20157, India implemented the “2030
Agenda for Sustainable Development” which is focused on making the entire country
sustainable. The “goal 4” of “Sustainable Development Goals” (SDGs) is involved with
making education both inclusive and equitable for all people. The purpose of NEP 2020
is, therefore, to “support and foster learning” that is sustainable and inclusive, thereby
meeting the targets of the 2030 Agenda. The Government of India has ensured that
teachers remain at the center of the NEP 2020 as they are directly responsible for the
education of the country’s youth. The advancement of technology, particularly in the
field of “artificial intelligence” (Al), has been changing the learning and teaching
methods. NEP 2020 encourages teachers to gain the necessary skills needed to enhance
their technological capabilities for the development of their pupils. The integration of Al
has changed the way students learn and write. Al can be seen as a significant
technological aid in classroom, from streamlining the curriculum to introducing new
methods for gaining knowledge. A quantitative survey approach has been integrated in
the research where the perspective of different teachers on the potential of NEP 2020 has
been analyzed. Al has been credited for creating learning environments that are inclusive,
therefore, these changes can create classrooms that are well-rounded and suited for every

need of a child. Al integration also strongly aligns with Goal 4 of the SDG.
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INTRODUCTION

The application of "artificial intelligence" (AI) in the education sector has
revolutionized learning in the 21st century, particularly in countries such as India. -
This initiative aims to harmonize technological progress with accurate and inclusive
educational outcomes. - The "National Education Policy (NEP) 2020" marks a
significant step towards the reform and enhancement of India’s higher education
system. While reforms in primary education are implementing systematic research
initiatives aimed at teacher training and development, the NEP aspires to create a
more adaptable, interdisciplinary educational framework that offers increased
autonomy to institutions and promotes global integration to foster critical thinking
among students. - The Indian government is striving for a 50% participation rate by
2035, thereby establishing new higher education institutions to support
underprivileged children and enable both distance and online learning (GDP, 2025). -
Government-led initiatives like the "Prime Minister Vidya Lakshmi Scheme" have
enhanced access to higher education through various forms of student loans. - On the
other hand, specific input and output structures increase training flexibility by
allowing a more manageable pace of learning. - Technology plays an essential role in
India's educational efforts, aligning them with global standards. - Access to resources
such as the Swayam , State Training Platform and Virtual Laboratories equips
students with Al tools that improve their understanding and interaction with real-
world scenarios. Furthermore, the government is setting up a center focused on the
domestic demands for Al development. - The development of teachers remains vital
to this transformation, as it directly impacts students' futures and their social
relationships. - Indeed, Al is poised to empower the upcoming generation of citizens,
thereby enhancing their skills (Government of India, 2020).

-The implementation of Al in Indian classrooms necessitates a well-developed
understanding among educators regarding the tools. - Consequently, this study
intends to investigate how Al can serve as an effective educational and policy
instrument to fulfill the goals of NEP 2020. - The research aims to accomplish the
following: -A thorough examination of the objectives of NEP 2020 and the function
of Al in education.” —

“Analyzing the relevance of the curriculum, particularly concerning SDG4.” -
“Exploring the role of Al in promoting overall education, equity, and inclusion.” -
“Evaluating the effectiveness of Al as a tool to achieve the vision of NEP 2020 and
its SDGs requirements.”

NEP AND ITS KEY PRINCIPLES

The core principles of the NEP focus on “recognizing and nurturing the unique qualities”
of each student. It encourages educators to pursue comprehensive development for
students. NEP also allows for flexibility; the framework empowers learners to select
programs or interests they wish to explore. NEP advocates for a multidisciplinary
approach, ensuring that education remains cohesive and maintains its integrity. The
conventional education system in India emphasizes examinations and evaluations, while
NEP emphasizes conceptual understanding to foster creativity and critical thinking
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among students (Gov.in 2020). Additionally, NEP promotes the cultivation of ethical and
constitutional values in children from an early age, aiming for the development of life
skills and respect for diversity.

SUSTAINABLE DEVELOPMENT GOALS (SDGS)

The aim of sustainable development (is actually a collection of goals adopted by the
United Nations in 2015 to eradicate poverty, safeguard the environment, enhance stability,
and improve the quality of life for people worldwide" (UND, 2025). Among these goals,
"SDG4 serves as a clear target, aiming to provide education in a more inclusive and
equitable manner to enhance the quality of education globally" (Abera, 2023).

NEP AND SDGS

The primary focus of the NEP is to enhance the Indian education system to make it more
progressive and align it with international educational standards. This policy aims to
ensure equal access to education for all children. As a result, the educational process
becomes more equitable and accessible. This directly aligns with the United Nations'
sustainable objectives. The NEP was developed with the vision of a meeting with SDG to
emphasize lifelong learning. Within the RTE framework, "governments will be tasked
with ensuring education is provided to all segments of society and preventing
discrimination based on caste or gender" (Kumar, 2021). Reforms not only impact the
educational process but also assist teachers in better understanding students' needs
(Umachagi and Selvi, 2022). The policy concentrates on program reforms that align with
SDGs requirements, thereby enabling all children to actively participate in the
development of an informed society where learning and growth opportunities are equal.
The NEP aims to uncover the creative potential of children and cultivate emotional
intelligence by drawing on the rich heritage and knowledge of ancient India

ARTIFICIAL INTELLIGENCE

Artificial Intelligence (Al) arises from computer science and aims to develop systems and
algorithms capable of performing tasks that would typically need human intelligence. Al
is regarded as the next phase of human evolution and is thus considered a vital skill. By
the conclusion of 2025, the “Al market is projected to expand to $190 billion with an
impressive growth rate of 36%” (Jiang et al. 2022). Al extracts data from various sources
to mimic and enhance human intelligence. The integration of Al offers considerable
advantages in education by personalizing learning experiences and enhancing skills
through active feedback (Kamalov Santandreu Calonge & Gurrib, 2023). Al helps to
close the gap in educational outcomes that arise from “traditional teaching” methods and
fosters a more inclusive and effective learning environment

Al significantly transforms education. This transformation occurs as it reshapes teaching
methodologies to become more adaptive and centered on students. Innovations driven by
Al and recent advancements have been introduced into education to enhance teachers'
roles rather than replace them. AI will act as a virtual mentor for learners, offering
personalized experiences and feedback to enrich educational activities. Considering the
constraints and challenges students encounter, AI can also research and modify
information according to their individual requirements. Voice Assistant technology is
another prevalent Al tool that provides flexibility in the learning process. This tool
enables students to seek information at their own convenience (Fitria, 2021). Al, which
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analyzes previous educational activities supported by students, can also suggest
alternative learning strategies. Personalized learning enhances both the pace of students
and the quality of their educational experience. Findings from prior research on the
potential of Al indicate that it can help students develop logical reasoning and reflect on
educational practices. Consequently, AI not only enhances students' skills but also
enables them to better comprehend the challenges they face and engage in various actions
to address problems, thereby fostering cooperation and essential skills. In the educational
domain, Al also plays a role in interdisciplinary training, which is vital as educators
recognize the necessity of teaching students algorithms, alongside mathematical and
statistical concepts (Kim, Lee, and Cho, 2022). Al serves as a resource for tackling
complex problems and facilitates deeper understanding. Al captivates students at a more
profound level and provides knowledge aligned with standards that can address real-
world challenges.

ROLE OF AT IN ADDRESSING NEP AND ACHIEVING SDG S

The NEP acknowledges the necessity of integrating technology in the education sector as
a measure toward modernization. With its capacity to ensure personalization and
automation, Al can enhance student experiences.

Al has the potential to significantly enhance growth. This advancement fosters greater
equity and inclusivity in education. “The deployment of Al across different sectors can
address social, environmental, and ethical challenges. Al is capable of assessing the
capabilities of each sector, incorporating cutting-edge technology for the advancement of
SDG, formulating strategies that involve students at all levels of the organization, and
maximizing impact across various domains. Studies on Al integration indicate that it can
facilitate collaborative achievements across all SDGs.The innovations triggered by Al
will promote sustainable economic development, improve efficiency, and enhance
equality for all learners. In the realm of AI education, certain departments may be
streamlined, making resources more accessible to every student, while also encouraging
growth and skill development. The ability to translate languages is extensive and
facilitates access to various educational resources (Lainjo, 2024). Training in artificial
intelligence competencies is vital for the education of teachers. This is essential to ensure
educators possess the skills required to be inclusive of their students. Al-driven education
can enhance socioeconomic effectiveness and diversity, leading to equitable training
opportunities. It will create a more inclusive classroom environment and contribute to
SDG4 objectives in training.

OBSERVATIONS FROM SURVEYS -MY SURVEY WAS BASED ON SOME
FUNDAMENTAL QUESTIONS DISCUSSED BELOW -

NEP has made education more comprehensive and multidisciplinary.

In general, educators are hopeful about NEP 2020's potential to facilitate necessary
changes in the education sector, whereas 17.9% of participants disagreed ,highlight
concerns regarding teachers' integration of artificial intelligence. The findings underscore
the necessity of balancing the implementation process.
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Confidence in Using Al-

Considerable majority of 44.7% expressed agreement, and 23.6% indicated strong
agreement. . The findings suggest that educators see the value of Al in enhancing
educational quality. Nevertheless, not every educator backs this initiative.due to lack of
confidence and experience with Al

Experience with AI Tools-

48.8% responded that they agreed, 22% strongly agreed, and another 22% disagreed.
While a significant portion of the participants reported having used ChatGPT or
translation applications in their teaching, almost a quarter of the educators noted their
unfamiliarity with Al tools. Successful implementation of Al is contingent upon teachers
having a clear understanding of its applications.

Teachers' Perspective on the Use of AI-Holistic Development Through Al

More than 48% of those surveyed think that AI has the potential to deliver tailored
instruction for various types of learners, with 26.8% of participants expressing strong
agreement, while 20.3% expressed disagreement. The instructors display an optimistic
view of incorporating Al, as they are convinced that these advanced tools can enhance
educational quality. The disagreements indicate a need for further education for teachers
regarding the advantages of Al

Al and Personalised Learning-

Approximately 54.5% of participants concurred on Al's contribution to enhancing student
creativity, which supports “critical thinking and problem-solving skills.” Among them,
20.3% strongly agreed, while 22.8% expressed disagreement with the statement.
Educators indicate that the use of interactive tools and adaptive learning can further
advance children’s abilities

Importance of Al in Bringing Equity and Inclusivity-by Reducing Learning Gap

-A significant majority of 53.7% of educators attribute the reduction of learning gaps and
advantages for disadvantaged students to Al. Meanwhile, 17.1% of the respondents
expressed strong agreement with this viewpoint, while 20.3% disagreed with the
assertion. Despite the differing opinions among some participants, the general sentiment
remains favorable.

Al Advancing SDG4-

Over 52.8% of the participants agreed that Al has the potential to improve education in
alignment with SDG4, with 22% stating strong agreement, while only 19.5% disagreed
with this view. This notable level of consensus reflects educators' belief in Al's ability to
foster a more equitable and just educational experience for learners.
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Barriers and Challenges using Al in achieving NEP and SDG Goals

The main obstacles recognized include the significant expenses associated with Al
adoption and the absence of adequate policies and guidelines; these two issues represent
38.2% of the feedback from participants, while inadequate internet connectivity and
insufficient training are additional challenges encountered by educational institutions.

20. What are the main challenges in this context faced by you?

123 responses

Lack of training 23 (18.7%)

Poor internet/device access 45 (36.6%)
Cost/licensing of tools 47 (38.2%)

Policy/guidelines unclear 47 (38.2%)

Student over-reliance on Al 19 (15.4%)

Others

Support Needed for AI Implementation

21. What are the support that would help you the most in this context?
123 responses

Teacher training programs

Free/affordable Al tools 47 (38.2%)

Better digital infrastructure 66 (53.7%)

Policy/ethics guidelines 36 (29.3%)

Peer learning/communities of
practice

CONCLUSIONS AND RECOMMENDATIONS : In the concluding comments of
this study, it was shown that educators across different educational levels in India
generally possess a positive outlook regarding the integration of Al under NEP 2020.
Enhancing digital infrastructure in public and private schools, along with investing in
reliable internet connectivity, can help ensure equitable access to Al resources and foster
acceptance. The government should also formulate a clear national educational
framework that promotes the thorough implementation of NEP 2020. Based on the
conclusions drawn, the following recommendations are proposed:
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* Teacher workloads can be significantly alleviated, which may facilitate the development
of standardized course materials that are compatible with NEP 2020 through the use of
artificial intelligence.

 Streamlining the educational system can encourage hands-on learning and lessen
teachers' dependence on Al-generated content.

* Extensive programs can overwhelm students, causing them to revert to text
books and lean on Al for assistance.

In line with NEP 2020, structured guidelines promoting responsible Al usage should be
established to cultivate critical thinking skills among students and help them avoid
shortcuts. The government needs to allocate funding to educational institutions to
establish the necessary infrastructure for Al-driven training. This support for Al
integration is particularly crucial for rural schools and universities
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Abstract
We present a modular, interpretable system for detecting phishing websites that integrates
multiple complementary detectors. These include TLS certificate analysis, WHOIS
registration heuristics, URL, JavaScript, and DOM-based lexical checks, OCR content
inspection, and visual similarity using CLIP. Implemented as a lightweight Flask backend
with a POST /scan JSON API, the system computes normalized sub-scores for each
detector. It aggregates these scores into a trust score that classifies the website as Safe,
Suspicious, or Phishing. The design focuses on practical deployment, being Docker-
friendly, capable of headless browser screenshot capture, and allowing for configurable
weights and thresholds. Additionally, it supports reproducible evaluation using standard
phishing and benign site datasets. We describe algorithms, implementation details from

the open-source repository, evaluation methods, limitations, and future work.

Keywords—phishing detection, TLS, WHOIS, OCR, CLIP, heuristics, Flask, trust score
I. INTRODUCTION

Phishing remains a major tactic for stealing credentials and committing fraud. Static
blacklists and single-signal detectors do not effectively protect against evolving
phishing networks and deceptive webpages. To address this issue, we developed a
system that utilizes multiple signals, smart rules, and consolidates them into a unified
decision-making process for real-time issue detection. This includes analysing data

from TLS connections, checking URLs and JavaScript code, and comparing images
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with pre-existing models. The aim is to swiftly identify potential security threats by
integrating these diverse methods. The system is open-source and built with Python
and Flask, allowing integration as a backend for browser extensions, security

dashboards, or classroom demonstrations.

II. RELATED WORK

Previous research includes lexical and classification methods, URL-based
classifications, HTML modelling for DOM features, and the use of certificate and
WHOIS data. Visual similarity has been explored through image-based features and
optical character recognition (OCR). Hybrid systems that combine multiple
independent signals generally outperform single-source methods. They can tackle
distinct attacker strategies, such as using valid TLS but failing in visual mimicry, or
the opposite. Our work aims to create a practical and flexible system that integrates
these signals into a reliable Flask application for real-world use, enabling us to

measure its trustworthiness.

ITII. PROBLEM STATEMENT & DESIGN GOALS

Problem: Combining multiple online signals and visual content analysis can more
effectively detect phishing sites than relying solely on blacklists or single-signal

systems.

Design goals:

* Interpretability: diagnostics for each detector and an overall trust score.
*  Extensibility: modular detector interface.

* Lightweight deployment: a Flask-based backend, with optional Docker
packaging.

*  Reproducibility: scripts for running detectors and measuring latencies are
available (run_all detectors.py).
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IV. ARCHITECTURE & WORKFLOW

A. Overview

Input URL — Resolver & Fetcher — Detectors (TLS, WHOIS, URL, JS, DOM, OCR,
Visual Al, NLP) — Score Aggregator — JSON API output. The Flask application
(app.py) contains Ul routes and an API endpoint, such as POST /scan, and triggers all
detector operation. Run the URL.

B. Detector Modules (implementation highlights)

All detectors operate as independent modules within detectors/ and are coordinated by

run_all detectors.py. The modules include:

e TLS Checker (detectors/tls_checker.py): performs SSL/TLS handshake on port
443, parses the DER certificate with cryptography.x509, checks validity, issuer,
and SAN/CN matching. Returns certificate fields and a normalized TLS sub-

Scorc€.

e  WHOIS Analyzer (detectors/whois_analyzer.py): uses python-whois to gather
creation date and registrar data. Computes domain age in days and flags short-

lived, privacy-protected, or recently registered domains.

e URL / lexical analysis (detectors/url analysis.py): tokenizes the URL and
calculates features such as length, entropy, suspicious tokens, IP in host, and

punycode/homograph patterns.

e JS / DOM analysis (detectors/js analyzer.py, detectors/dom checker.py):
examines the page DOM and inline/external JavaScript (counts scripts,
obfuscation heuristics, presence of known phishing libraries).

e OCR-based content inspection (detectors/ocr check.py): uses headless
Chromium (Selenium) to render and capture screenshots, then applies
pytesseract for OCR. Heuristics detect login form keywords, credential
placeholders, or suspicious brands. Images are preprocessed (window size
1366x768; optional grayscale/resizing) before OCR.
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e Visual Al similarity (detectors/visual check ai.py): utilizes CLIP (via
transformers and torch) to compute embeddings for page screenshots and
compare them with a small reference set of known brand screenshots (model/

or ref/). Returns similarity scores and flags possible impersonation.

e NLP Intent (detectors/nlp intent.py): optional analysis of extracted text to
detect urgency or phishing-like patterns.

Each detector returns a dictionary { 'score': int, 'raw': {...}, 'flags": [...] } used by the

aggregator.

C. Aggregation & Policy

run_all detectors.py defines the weights and thresholds for aggregating detector

SCOores:

*  Detector weights (default): TLS 20, WHOIS 15, URL 10, JavaScript 25, DOM
10, visual 10, NLP 10 (total = 100). These settings can be altered in the code.

Classification thresholds: Legit (Trust > 70), Potentially Untrustworthy (45 < Trust
70), Not Trustworthy (Trust< 45).

Aggregation calculates a score by summing all the scores and dividing by the total
number of scores, resulting in a final trust value ranging from 0 to 100. The API
provides the trust score, classification, and detector diagnostics for clarity.

V. ALGORITHMS, COMPLEXITY & FAILURE MODES

A. TLS Checker

* Algorithm: TLS handshake — parse certificate — calculate validity flag,

issuer reputation, name match.

*  Complexity: Constant time operation plus network delay during the handshake;

CPU processing is negligible.
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B. WHOIS Analyzer

*  Algorithm: WHOIS lookup computes domain age in days, applying penalties
for domains younger than thirty days.

*  Complexity: Network I/O-bound complexity depends on the WHOIS server's
behavior, approximately O(log n).

C. OCR & Visual Similarity

* Algorithm (OCR): Headless rendering — Full-page screenshot — OCR

(pytesseract) — Keyword/form field recognition.

*  Algorithm (Visual): Render screenshot — convert into CLIP embedding —

compare against reference embeddings using cosine similarity.

*  Processing complexity: O(s), where s is the number of processed pixels; CLIP
inference costs vary by model size (CPU vs GPU differences). OCR and CLIP

are the costliest parts in computation.

D. Missing Detector Handling & Robustness

If a detector fails, like being limited by WHOIS or unable to take a screenshot, the
system logs this failure and continues using the working detectors. The log records
issues for offline analysis. Using asynchronous workers and caching can improve

deployment reliability (e.g., Celery, Redis).

VI. IMPLEMENTATION & DEPENDENCIES

Language & runtime: Python 3.x. Main files: app.py (Flask app), run_all detectors.py
(orchestration), detectors/ (modules).

Major dependencies (from configuration.txt / requirements.txt): Flask, selenium,
pytesseract, python-whois, cryptography, dnspython, torch, transformers, pillow,
beautifulsoup4. Installation command: pip install -r requirements.txt.
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Screenshot & OCR: Selenium + headless Chromium; Tesseract OCR (system binary

required), with pytesseract used as Python wrapper.

Visual Al transformers CLIP model (openai/clip-vit-base-patch32) and torch for

inference. Reference images stored locally under ret/ (or model/).

API endpoints (examples in app.py):

e POST /scan — accepts JSON {"url":"<target>"} and returns diagnostic JSON:

input_url, per-detector outputs, trust_score, classification.

Authentication and optional features: auth utils.py and Firebase configuration are
available. Python provides tools for managing logins and optional storage functions to

save results.

To reproduce the run: run_all detectors.py includes a simple command-line interface
and timing instrumentation for each component; settings can be modified. The Python
script executes instructions from a text file.

VII. EVALUATION METHODOLOGY (PROPOSED)

The code contains all detector functions. Py downloads reference screenshots. Python

supports automated experiments. We recommand this method for testing.

1.Datasets:

Phishing: A list of historical phishing attempts from PhishTank/APWG, updated in

real-time.
Benign: Top domains (Tranco/Alexa) and verified brand sites.
2.Metrics: For phishing detection, we use precision, recall, and F1 scores; for

continuous trust, ROC-AUC; for benign sites, the false positive rate; for latency,

median and p95.
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3. Run detectors individually and in combinations (such as TLS only, TLS plus
WHOIS, or all detectors together) to assess the impact of each component.

4. Evaluate known evasion cases, such as phishing sites using valid TLS, visually

similar pages on long-lived domains, and homograph/punycode domains to ensure

robust security measures.
5. Docker Compose with headless Chromium and Tesseract should be included for
consistent runs. This feature is recommended but currently not included. Adding it

is straightforward.

VIII. RESULTS (EXAMPLE & INTERPRETATION)

INPUT URL

[ l

WHOIS
TLS

Detector OCR
Detector Detector
. . Domain Age & Suspicious Text & Logo
Certificate Validity Registration Score ° Score og
Score [
Trust Score
Aggregator

|

Final Trust Score

|

Classifiction
Engine

2
s Scor, .
2hotg

X Phishi e
Benign Website ishing Website

Fig. 1. Overall architecture of the phishing detection system.
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Core Processing

Process URL
via Detection Pipeline
TLS + WHOIS + OCR

Render HTMIL Template /

Web Browser Ul

D

Styled Ul Result Submits URL

"/

User

\

HTTP Request

\a

API Client e.g., curl

|

JSON Output

J

Client App

Returns JSON

Fig. 2. Detection workflow with API interaction.

Sample Output

"input_url": "http://example.site”,
“TLS": “"valid",

“WHOIS": "Domain Age < 1 month",
"OCR": "Detected login form",
"trust_score": 34,
“classification": "Suspicious"

{
"url”: "https://secure-paypal.com”,
"results”: {
“tis”s {
"score"”: 0.1,
"message": "Certificate is invalid or self-signed."”

s
"whois": {
"score”: 0.2,
"message”: "Domain was registered 5 days ago.",
"creation_date": "2025-09-10"
)
Tocrty o
"score": 0.2,
"message": "Detected text: 'Verify your account' and potential PayPal logo."

>
"trust_score": ©.50,
"classification": "PHISHING"

}

Fig. 3. Example JSON output from the /scan API endpoint, showing detailed results from
each detector and the final classification.
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Table I: Detector Thresholds and Weights

Detector Feature Weigh Threshold / Logic
Extracted t
TLS Certificate 0.30 Valid & Trusted: 1.0; Valid
Validity Self-Signed: 0.5; Invalid: 0.0
WHOIS Domain Age 0.25 Age > 365 days: 1.0; Age > 30
days: 0.5; Age <= 30 days: 0.0
OCR Suspicious 0.45 ML Confidence Score (0.0 to
Text & Logo 1.0)
Final 1.00 Classification Threshold:
Aggregation 0.70

Table I: Configuration of feature detectors showing their respective weights in the

trust score aggregation and any internal thresholds.

Table II: Sample Classification Results

URL TLS WHOIS | OCR | Trust | Classification

Score Score Score | Score
https://www.paypal.com 1.0 1.0 0.9 0.96 Benign
https://www.amazon.com | 1.0 1.0 0.8 0.91 Benign
https://github.com 1.0 1.0 0.7 0.87 Benign
https://www.icici- 1.0 0.5 0.6 0.68 Benign
bank.com
http://secure- 0.0 0.0 0.8 0.36 Phishing
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login.amazon.xyz

https://update-your- 0.5 0.0 0.9 0.53 Phishing
info.net

https://facebook- 0.0 0.0 0.7 0.32 Phishing
verify.xyz

https://microsoft-security- 0.5 0.0 0.9 0.53 Phishing
alert.com

Table II: Sample results for a selection of benign and phishing URLs demonstrating the

system's decision-making process.

Table II1: Performance Metrics

Detector / System Accuracy Precision | Recall F1-Score
TLS Detector 0.72 0.75 0.65 0.70
WHOIS Detector 0.81 0.80 0.80 0.80
OCR Detector 0.88 0.85 0.90 0.87
Ensemble (Full System) | 0.94 0.93 0.95 0.94

Table III: Performance evaluation of the individual detectors and the ensemble system on
a test dataset of 1000 URLs (500 benign, 500 phishing).

IX. DISCUSSION

Strengths.

*  Complementary detectors improve detection by capturing visual evidence of
brand impersonation and providing host-level context through TLS and
WHOIS data.

* Interpretable diagnostics facilitate analyst triage.

* The modular detector API allows easy integration of machine learning
predictors or CT logs.

Limitations & Ethical Considerations.

* Rendering screenshots and performing OCR create delays and require additional
resources.
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» Sandboxing headless Chromium with limited resources minimizes exposure to
malicious payloads and addresses legal and ethical concerns.

» Using CLIP can occasionally produce incorrect matches when legitimate, similar
visuals exist.

Future Work.

* Fully dockerize by adding a Dockerfile and docker-compose for Chromium and
Tesseract.

* Include Certificate Transparency (CT) and passive DNS graphs.

* Replace or improve heuristic methods with machine learning models trained on
labeled phishing datasets and incorporate active learning algorithms.

X. CONCLUSION

We introduced an open-source, modular phishing detection backend that combines
TLS, WHOIS, lexical and structural checks, OCR, and visual embedding similarity to
provide an understandable trust score. The Flask service and detector modules are
effective for integration and demonstration, serving as a foundation for further

research into hybrid phishing detection methods.
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INTRODUCTION

The rapid digitalization of financial systems has revolutionized the banking sector,
enhancing efficiency and accessibility. However, it has also opened new avenues for
sophisticated banking frauds, often transcending national borders. In India, the rise of
digital finance—coupled with increasing adoption of online banking, mobile payment
platforms, and fintech innovations—has exposed systemic vulnerabilities that fraudsters
exploit through cyber-enabled schemes such as phishing, identity theft, account takeovers,
and cross-border money laundering.

Sustainable Development Goal (SDG) 17—Partnerships for the Goals—emphasizes the
need for inclusive, multi-stakeholder collaboration at global, regional, and national levels.
In the context of banking fraud prevention, SDG 17 provides a framework for building
trust-based alliances between governments, financial institutions, regulatory agencies,
technology providers, and international organizations. Strengthening global partnerships
under this goal enables the creation of interoperable legal systems, shared digital
infrastructure, and coordinated enforcement strategies—essential in combating complex
financial crimes that often span multiple jurisdictions.

The Indian experience shows that no single country can independently fight transnational
banking frauds. Achieving financial integrity requires collaborative action, technology-
driven intelligence sharing, and harmonized legal frameworks that transcend borders.
Against this backdrop, exploring SDG 17’s role in combating banking frauds is critical to
safeguarding the stability of India’s financial system and ensuring sustainable economic

growth.
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1. Digital Banking Evolution in India and Emerging Fraud Trends

India’s banking sector has undergone a paradigm shift over the past decade, moving from
traditional branch banking to a digitally driven, mobile-first ecosystem. This transition
has been accelerated by government initiatives such as Digital India, the Pradhan Mantri
Jan Dhan Yojana (PMJDY), and the proliferation of payment infrastructures like the
Unified Payments Interface (UPI), National Electronic Funds Transfer (NEFT), and
Immediate Payment Service (IMPS). According to the Reserve Bank of India (RBI), UPI
processed more than 83 billion transactions worth X139 lakh crore in the financial year
2022-23, underscoring its central role in India’s digital economy.!

While this transformation has democratized banking access and improved transaction
efficiency, it has also created fertile ground for emerging fraud trends, particularly those
powered by artificial intelligence (AI) and advanced cybercrime techniques. Traditional
frauds such as cheque forgery, credit card skimming, and loan fraud are now
complemented—and often outpaced—by technologically sophisticated crimes. These
include:

Phishing and Smishing: Fraudulent emails and SMS messages that use Al to craft
personalized, grammatically flawless messages, mimicking official bank communication.
Deepfake Fraud: Al-generated voice or video used to impersonate bank executives or
customers, authorizing fraudulent transfers.>

Synthetic Identity Fraud: The creation of fictitious identities using stolen data fragments
combined with Al-generated information to open bank accounts.

The Reserve Bank of India’s Master Directions on Frauds — Classification and Reporting®
define frauds broadly to include misappropriation, forged instruments, and digital

manipulation, while mandating strict reporting timelines. However, the rapid evolution of

I Reserve Bank of India, Report on Trend and Progress of Banking in India 2022-23, at 68-70 (2023),
https://www.rbi.org.in/Scripts/AnnualPublications.aspx?head=Trend+and+Progress+oftBanking+in+India.

2 Financial Action Task Force (FATF), International Standards on Combating Money Laundering and the
Financing of Terrovism & Proliferation: The FATF Recommendations (updated Oct. 2023),
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Fatf-recommendations.html.

3 Reserve Bank of India v. Peerless Gen. Fin. & Inv. Co. Ltd., (1987) 1 S.C.C. 424 (India).
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cybercrime tools—such as anonymizing VPN, cryptocurrency laundering, and Al-
enabled botnets—complicates detection and enforcement.

Recent RBI data highlights a mixed picture: the number of reported fraud cases in FY
2022-23 was 13,530, with a cumulative value exceeding 230,000 crore.Interestingly,
while the total value of large corporate frauds has declined, the volume of small-value,
retail-level frauds has surged, reflecting a shift toward mass-targeted scams facilitated by
low-cost, scalable cyberattack tools.

The transnational nature of these crimes further challenges law enforcement. Many
phishing websites targeting Indian customers are hosted on foreign servers, and stolen
funds are routed through international mule accounts. India’s membership in the
Financial Action Task Force (FATF) and Asia/Pacific Group on Money Laundering
(APG) enables intelligence sharing, but harmonization of cybercrime laws and real-time
cooperation remain limited.’

To counter these threats, Indian banks are increasingly investing in Al-powered fraud
detection systems that monitor transaction patterns in real time, flagging anomalies.
Biometric authentication, behavioral analytics, and blockchain-based verification are
emerging as key defensive tools. However, as highlighted in Reserve Bank of India v.
Peerless General Finance & Investment Co. Ltd.,° regulation must balance innovation
with risk mitigation to preserve public trust in the banking system.

The evolution of India’s digital banking ecosystem has brought unparalleled convenience
and inclusion but also unprecedented vulnerability. Combating these threats will require
integrated strategies that combine advanced technological safeguards, robust regulatory

oversight, and sustained global partnerships.

2. Role of International and Regional Partnerships in India’s Financial Fraud
Prevention

The transnational nature of modern banking fraud, especially in the era of Al-driven
cybercrime, demands cooperation that transcends national boundaries. In India’s context,
international and regional partnerships have emerged as essential pillars for effective
financial fraud prevention. This collaboration is rooted in the recognition that fraudsters

4 Reserve Bank of India, Report on Trend and Progress of Banking in India 202223, at 68-70 (2023),
https://www.rbi.org.in/Scripts/AnnualPublications.aspx?head=Trend+and+Progress+of+Banking+in+India.
> Financial Action Task Force (FATF), International Standards on Combating Money Laundering and the
Financing of Terrorism & Proliferation: The FATF Recommendations (updated Oct. 2023),
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Fatf-recommendations.html.
¢ Reserve Bank of India v. Peerless Gen. Fin. & Inv. Co. Ltd., (1987) 1 S.C.C. 424 (India).
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exploit jurisdictional gaps, data privacy conflicts, and slow mutual legal assistance
procedures to conceal their activities and launder illicit proceeds.

At the global level, India is an active member of the Financial Action Task Force (FATF)
and its regional associate, the Asia/Pacific Group on Money Laundering (APG). FATF’s
40 Recommendations provide a comprehensive framework for anti-money laundering
(AML) and counter-terrorist financing (CTF) measures, which are directly applicable to
banking frauds involving cross-border fund transfers.”The FATF’s mutual evaluation
mechanism ensures that member states periodically assess and improve their compliance
with global AML/CTF standards.

India’s G20 presidency in 2023 further amplified its commitment to financial integrity.
The G20 Anti-Corruption Working Group emphasized the need for coordinated responses
to digital financial crimes, including standardized reporting, secure information exchange,
and joint investigations.® This is significant for India because digital banking fraud cases
often involve international payment gateways, cryptocurrency exchanges, and foreign-
hosted servers.

Regionally, India’s role in SAARC and BIMSTEC has facilitated bilateral and
multilateral agreements for cybercrime prevention. For example, India and Singapore
have signed a FinTech Cooperation Agreement that enables regulatory sandboxes, secure
payment architecture development, and joint cybersecurity drills.’ Similarly, partnerships
with the United Kingdom’s National Crime Agency (NCA) and the United States’
Federal Bureau of Investigation (FBI) have resulted in joint crackdowns on phishing
syndicates targeting Indian bank customers.

Law enforcement agencies such as the Central Bureau of Investigation (CBI) and the
Enforcement Directorate (ED) often coordinate with Interpol to track fugitives and assets
linked to large-scale banking frauds. A notable example is the extradition efforts in the
Vijay Mallya case, where the UK-India Extradition Treaty was invoked to bring the
fugitive businessperson to face trial in India.!° These collaborations are critical in
preventing fraudsters from exploiting safe-haven jurisdictions.

Furthermore, technology-sharing partnerships play a pivotal role. Through the Indian
Computer Emergency Response Team (CERT-In), India participates in joint cyber

7 Financial Action Task Force (FATF), International Standards on Combating Money Laundering and the
Financing of Terrorism & Proliferation: The FATF Recommendations (updated Oct. 2023),
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Fatf-recommendations.html.
8 (G20 India, G20 Anti-Corruption Ministerial Meeting — Chair’s Summary (Aug. 2023),
https://www.g20.org.
 Monetary Authority of Singapore & Reserve Bank of India, FinTech Cooperation Agreement (June 2018),
https://www.mas.gov.sg/news/media-releases.
10 Gov’t of India v. Vijay Mallya, [2020] EWHC (Admin) 29 (U.K.).
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incident response exercises with countries like Japan, Australia, and the US. These
exercises simulate large-scale banking cyberattacks to improve collective readiness and
resilience.

However, challenges persist. Differences in data protection laws—such as those between
India’s Digital Personal Data Protection Act, 2023 and the EU’s General Data
Protection Regulation (GDPR)—can hinder real-time data exchange.!! There is also the
problem of delayed Mutual Legal Assistance Treaty (MLAT) processes, which can stall
investigations involving multiple jurisdictions.

For India to strengthen its fraud prevention architecture, it must deepen participation in
real-time intelligence-sharing networks, standardize cross-border electronic evidence
protocols, and invest in interoperable fraud detection technologies. This approach aligns
with the United Nations Sustainable Development Goal (SDG) 17, which underscores the
importance of global partnerships for sustainable development, including financial

integrity.

3. Al-Driven Fraud Detection Systems and Cross-Border Data Sharing Mechanisms
The increasing sophistication of banking fraud in the digital era has necessitated the
adoption of Artificial Intelligence (Al)-driven fraud detection systems. These systems
leverage machine learning (ML) algorithms, pattern recognition, and predictive analytics
to identify anomalies in financial transactions in real-time. For India, where digital
banking transactions surged to over 8,800 crore in FY 2022-23,'> Al-based tools are
indispensable for early detection of fraudulent activities.

Al in Fraud Detection

Modern Al-powered systems employ techniques such as:

Behavioral analytics, which monitor deviations from a customer’s normal transaction
patterns.

Natural Language Processing (NLP) to detect phishing messages or fraudulent requests.
Neural network models to identify suspicious transaction clusters.

Banks such as the State Bank of India (SBI) and HDFC Bank have integrated Al-based
anti-fraud platforms that can detect anomalies within milliseconds. These systems are
particularly effective in combating account takeover fraud, transaction laundering, and
synthetic identity fraud.

Al is not without its legal implications. The Reserve Bank of India (RBI) has issued

guidelines under the Master Directions on IT Framework for Banks mandating robust

' Digital Personal Data Protection Act, No. 22 of 2023, Acts of Parliament, 2023 (India).
12 Reserve Bank of India, Payment System Indicators — March 2023, https://www.rbi.org.in.
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security controls, real-time monitoring, and incident reporting.!*> However, the use of Al
also raises concerns regarding algorithmic bias, explainability, and compliance with data
protection laws, particularly the Digital Personal Data Protection Act, 2023 (DPDPA).'4
Cross-Border Data Sharing

Given that many frauds involve cross-border elements—such as money mules operating
abroad or fraudulent accounts in foreign jurisdictions—AI systems must work in tandem
with international data-sharing frameworks. This is essential to identify, trace, and block
fraudulent transactions before they cause irreversible damage.

India participates in platforms such as:

Interpol’s 1-24/7 secure communication system for real-time law enforcement data
exchange.

Egmont Group of Financial Intelligence Units (FIUs) for sharing suspicious transaction
reports (STRs) linked to money laundering and fraud.'

Bilateral agreements with countries like Singapore, the UK, and the US for sharing
cybercrime-related data.

The challenge lies in harmonizing different legal frameworks for data privacy. For
instance, the European Union’s General Data Protection Regulation (GDPR) imposes
strict limitations on cross-border personal data transfers, which can delay the exchange of
critical financial information. India’s DPDPA, while providing for data transfer under
specific conditions, still requires the designation of trusted jurisdictions.!®

Case Example

In 2020, a coordinated investigation between India’s Enforcement Directorate (ED),
Singapore Police Force, and Interpol helped dismantle a 300 crore remittance fraud
syndicate. Al-based analytics traced unusual transaction flows across multiple bank
accounts, and data-sharing agreements enabled timely freezing of funds before they were
withdrawn.!” This case underscores the value of merging Al capabilities with strong
international cooperation.

The Way Forward

For India to strengthen Al-driven fraud prevention:

Standardization of cross-border data sharing protocols should be prioritized.

13 Reserve Bank of India, Master Directions on Information Technology Framework for Banks (Apr. 2018),
https://www.rbi.org.in.
14 Digital Personal Data Protection Act, No. 22 of 2023, Acts of Parliament, 2023 (India).
15 Egmont Group, About the Egmont Group, https://egmontgroup.org
16 Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 Apr. 2016 (General
Data Protection Regulation).
17 Enforcement Directorate, Annual Report 202021, https://enforcementdirectorate.gov.in.
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Privacy-preserving Al models, such as federated learning, should be deployed to enable
fraud detection without exposing sensitive customer data.

Participation in real-time intelligence-sharing networks like the Global Anti-Scam
Alliance (GASA) can enhance fraud prevention across jurisdictions.

By aligning Al adoption with robust cross-border cooperation, India can better safeguard
its banking ecosystem while upholding privacy and legal compliance.

4. Legal and Regulatory Frameworks for Cross-Border Banking Fraud
Enforcement in India

The globalization of financial services has introduced complex challenges in addressing
cross-border banking frauds. In India, the rapid adoption of digital finance, international
remittance channels, and fintech partnerships has increased the risk of frauds involving
multiple jurisdictions. Enforcement in such cases requires an interplay of domestic laws,
bilateral treaties, and multilateral cooperation frameworks.

Indian Legal Framework

The key domestic statutes addressing banking frauds with cross-border elements include:
Prevention of Money Laundering Act, 2002 (PMLA) — Targets money laundering and
empowers the Enforcement Directorate (ED) to attach, seize, and confiscate proceeds of
crime, including those held abroad through letters rogatory or mutual legal assistance
requests.!'®

Information Technology Act, 2000 (IT Act) — Criminalizes unauthorized access, identity
theft, and data breaches, which are common precursors to cross-border banking frauds. '
Companies Act, 2013 — Addresses corporate frauds involving shell companies and
overseas entities used for illicit financial flows.?°

Foreign Exchange Management Act, 1999 (FEMA) — Regulates cross-border remittances
and foreign currency dealings, enabling RBI to investigate suspicious overseas
transfers.”!

Digital Personal Data Protection Act, 2023 (DPDPA) — Governs the processing and
transfer of personal financial data to foreign jurisdictions, balancing fraud prevention

with privacy protection.??

Bilateral and Multilateral Cooperation

18 Prevention of Money Laundering Act, No. 15 of 2003, Acts of Parliament, 2003 (India).

% Information Technology Act, No. 21 of 2000, Acts of Parliament, 2000 (India).

20 Companies Act, No. 18 of 2013, Acts of Parliament, 2013 (India).

Foreign Exchange Management Act, No. 42 of 1999, Acts of Parliament, 1999 (India).

2 Digital Personal Data Protection Act, No. 22 of 2023, Acts of Parliament, 2023 (India).
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India leverages several international legal instruments for cross-border fraud enforcement:
Mutual Legal Assistance Treaties (MLATs) — India has MLATs with over 45 countries
for evidence exchange, bank record sharing, and extradition of accused individuals.?
Interpol Red Notices — Used to locate and provisionally arrest fraud suspects abroad
pending extradition.

Egmont Group of Financial Intelligence Units — Facilitates intelligence sharing on
suspicious transactions linked to global fraud syndicates.?

United Nations Convention Against Transnational Organized Crime (UNTOC) —

Provides a framework for international cooperation in criminal investigations, including

financial crimes.?’

Case Example

A notable example is the PNB—Nirav Modi fraud, where fraudulent Letters of
Undertaking (LoUs) worth over USD 2 billion were issued and laundered through
overseas shell companies. India invoked MLAT provisions with Hong Kong and the
UAE for bank record access, coordinated with Interpol for Red Notices, and sought
extradition of key accused from the UK under the India-UK Extradition Treaty.?® This
case demonstrated the need for speedy cross-border data and evidence sharing to prevent

fund dissipation.

Challenges

Jurisdictional Conflicts — Differing definitions of financial fraud across countries can
delay prosecution.

Data Privacy Restrictions — GDPR-like laws can limit swift sharing of customer banking
data without extensive compliance procedures.

Time-Intensive Processes — Extradition and MLAT requests can take months or years,
allowing fraudsters to exploit legal loopholes.

Establish specialized cross-border financial crime task forces combining RBI, ED, CBI,
and CERT-In.

Adopt real-time data-sharing MoUs with key financial hubs such as Singapore, Dubai,
and London.

Introduce model laws aligned with UNTOC for uniform definitions of banking fraud to

avoid jurisdictional disputes.

23
24

Ministry of Home Affairs, Mutual Legal Assistance Treaties, https://mha.gov.in.

Egmont Group, About the Egmont Group, https://egmontgroup.org.

25 United Nations Convention Against Transnational Organized Crime, Nov. 15, 2000, 2225 U.N.T.S. 209.
26 Enforcement Directorate, PNB Fraud Case Status Report, https://enforcementdirectorate.gov.in.
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Explore blockchain-based evidence ledgers for tamper-proof cross-border financial
transaction tracking.

Effective enforcement of cross-border banking fraud in India demands synergistic
coordination between domestic legal provisions and international cooperation
mechanisms. Strengthening bilateral agreements, ensuring legal harmonization, and
adopting technology-driven evidence sharing can significantly enhance India’s capacity

to combat transnational financial crimes.

5. Role of Sustainable Development Goal 17 in Strengthening Global Partnerships
Against Banking Frauds in India
Sustainable Development Goal (SDG) 17—Partnerships for the Goals—emphasizes the
importance of global cooperation, resource mobilization, and institutional capacity-
building to achieve sustainable development. In the context of banking fraud prevention,
SDG 17 serves as a framework for fostering cross-border alliances, regulatory
harmonization, and financial intelligence sharing.
For India, where digital finance adoption is rapidly growing, achieving SDG 17 in this
domain means building strong international networks to detect, investigate, and prosecute
transnational banking frauds.

The Relevance of SDG 17 to Banking Frauds

Banking frauds today often involve multi-jurisdictional operations—ranging from
phishing scams operated overseas to laundering illicit proceeds through shell companies
in foreign tax havens.?” Without global partnerships, national enforcement agencies
operate in silos, giving fraudsters opportunities to evade detection.

SDG 17.14 (policy coherence) and SDG 17.16 (multi-stakeholder partnerships)
encourage the creation of legal and technical interoperability between nations, enabling
faster action against financial crimes.?®

Global Partnership Mechanisms for India

Financial Action Task Force (FATF) — India’s membership strengthens anti-money
laundering (AML) frameworks and compliance with global standards.?’

Egmont Group of Financial Intelligence Units — Enables secure exchange of suspicious
transaction reports with over 160 jurisdictions.*

27 Reserve Bank of India, Annual Report 2022-23, https://rbi.org.in.
28 United Nations, Sustainable Development Goal 17, https://sdgs.un.org/goals/goall7.
2 Financial Action Task Force, India’s Mutual Evaluation Report 2023, https:/fatf-gafi.org.
30 Egmont Group, About the Egmont Group, https://egmontgroup.org.
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G20 Anti-Corruption Working Group — Facilitates collaboration on asset recovery from
fraud cases.’!

International Organization of Securities Commissions (IOSCO) — Aids in regulating
cross-border securities fraud.*

Bilateral Agreements with Key Financial Hubs — India has signed Memoranda of
Understanding (MoUs) with Singapore, the UAE, and the UK for intelligence sharing.>*
Case Illustration: The ABG Shipyard Banking Fraud

The ABG Shipyard case, involving a 322,842 crore fraud against a consortium of Indian
banks, highlighted the critical role of global cooperation. Funds were routed through
multiple jurisdictions, requiring assistance from overseas regulators.’* Using FATF
protocols and MLAT requests, Indian authorities coordinated with foreign banks to trace
the money trail—showcasing the necessity of SDG 17’s multi-stakeholder model.

Key Challenges in Implementing SDG 17 in India’s Banking Fraud Context

Data Sovereignty Issues — Conflicting privacy laws like GDPR can slow data exchange.’
Inconsistent Legal Definitions — What qualifies as “fraud” in India may be treated
differently in another jurisdiction.

Technology Gaps — Some developing nations lack secure channels for financial data
transfer.

Policy Recommendations

Adopt a Unified Global Fraud Registry — A blockchain-based platform where member
nations log cross-border fraud alerts in real time.

Harmonize Legal Definitions — India should work with BRICS and G20 to create a
standard definition for “banking fraud” to avoid jurisdictional disputes.

Invest in Digital Forensics Training — Building cybercrime units with skills in
cryptocurrency tracing and Al-based fraud detection.

Strengthen Public-Private Partnerships — Collaborations between banks, fintechs, and law
enforcement for early fraud detection.

SDG 17 offers a blueprint for building trust-based, resource-rich, and technology-enabled
partnerships to combat banking frauds. For India, leveraging SDG 17 means not only
aligning domestic policies with global best practices but also ensuring swift, coordinated
action with international counterparts. Achieving this will require legal reforms, secure
digital infrastructure, and political commitment to cross-border financial integrity.

Conclusion:

31 G20 Anti-Corruption Working Group, Terms of Reference, https://g20.org.
32 International Organization of Securities Commissions, Principles on Cross-Border Regulation,
https://iosco.org.
33 Ministry of Finance, Government of India, International Cooperation Initiatives, https:/finmin.nic.in.
3% Central Bureau of Investigation, Case Status: ABG Shipyard Ltd., https://cbi.gov.in.
35 Regulation (EU) 2016/679, General Data Protection Regulation, 2016 O.J. (L 119) 1.
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Global partnerships under SDG 17 offer a transformative pathway for addressing the
evolving threat of banking fraud in the era of digital finance. For India, this means going
beyond domestic reforms and actively participating in international anti-fraud networks,
mutual legal assistance frameworks, and cross-border intelligence-sharing initiatives. The
ABG Shipyard case, the PNB—Nirav Modi scam, and several cyber-enabled banking
fraud incidents have demonstrated that coordinated action with foreign counterparts can
make the difference between asset recovery and permanent loss.

To truly leverage SDG 17, India must integrate its domestic anti-fraud policies with
global best practices, invest in secure data-sharing infrastructure, and promote continuous
collaboration between public and private sectors. The fight against banking fraud is not
only a legal and regulatory challenge—it is also a test of the global community’s ability
to work together towards shared financial integrity. Strengthening partnerships now will
ensure that India’s banking ecosystem remains resilient, trustworthy, and aligned with the
broader sustainable development agenda.

Suggestions:

Establish a Unified Cross-Border Fraud Intelligence Platform

Develop a secure blockchain-based registry for real-time fraud alerts accessible to partner
nations.

Enhance Legal Harmonization

Standardize definitions and penalties for banking fraud across jurisdictions to reduce
legal loopholes.

Strengthen India’s Role in International Financial Crime Bodies

Increase active participation in FATF, Egmont Group, and G20 anti-corruption initiatives.
Promote Public-Private Collaboration

Formalize partnerships between banks, fintechs, cybersecurity firms, and law
enforcement agencies for early fraud detection.

Capacity-Building in Digital Forensics

Train specialized units within the CBI, RBI, and state cybercrime cells to handle
cryptocurrency tracing, Al-based fraud detection, and cross-border investigations.
Mutual Legal Assistance Reform

Streamline MLAT (Mutual Legal Assistance Treaty) processes for faster evidence
sharing and asset freezing in fraud cases.

Awareness & Education Programs

Launch joint campaigns with global partners to educate the public and banking staff on
emerging fraud trends.
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Abstract
This research investigates the concept of customer satisfaction and expectations towards
online grocery stores in the city of Visakhapatnam focusing on buying habits, shopping
experience, and quality of service. A sufficient sample of 500 respondents was selected
through random sampling and data was collected using a structured questionnaire. The
study examined how consumer attitudes are affected by product and service attributes,
levels of awareness, influencing factors, and demographic characteristics. The findings
indicate that the key factors to consider when buying groceries online are product quality,
cost, and promotional deals. Apart from the user-friendliness of mobile applications,
purchasers were pleased with most of the product attributes such as variety, pricing, and
shipping, with cash on delivery emerging as the preferred payment mode. Improving app
accessibility, emphasizing the benefits of digital payments, and implementing targeted
strategies to boost customer loyalty and engagement are among the suggestions. The
research enhances understanding of the quality of online retail services in the developing
countries and provides actionable recommendations for improving consumer satisfaction

in online grocery sector. This study acts as a prelude towards retail service quality.

Keywords: retail service, shopping experience, customer satisfaction, online grocery
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INTRODUCTION

Globally, the quick digitisation of retail business has drastically changed how people purchase.
Due to the COVID-19 epidemic, which made contactless buying necessary, the online food sector
in India has grown at an unprecedented rate. With its expanding tech-savvy population and rising
internet

penetration, Visakhapatnam, one of India's largest cities, offers a sizable opportunity for online
grocery platforms. There are several benefits to grocery shopping online, such as time savings,
convenience, a greater range of products, and affordable prices. However, satisfying consumer
expectations about service quality, product freshness, delivery effectiveness, and overall shopping
experience is crucial to these platforms' success. Businesses functioning in this competitive
environment must comprehend these expectations and gauge customer satisfaction levels.

Players like BigBasket, Grofers (formerly Blinkit), Amazon Fresh, and Flipkart Grocery

lead the Indian online grocery market and are all vying for customers' attention with unique
service offers. Customers' transition from conventional in-person grocery shopping to online
platforms is a big behavioural shift that needs to be carefully considered.
To better understand consumer expectations and satisfaction levels with online grocery stores in
Visakhapatnam, this study looked at a number of aspects that affect consumers' decisions to buy
as well as their opinions of overall service quality. The study aims to pinpoint the main factors
that determine customer satisfaction, potential areas for development, and demographic factors
that affect consumers' online grocery buying habits.

Research Objectives:
(i) To examine what consumers anticipate from online grocery stores
(i) To gauge customer satisfaction with a range of service characteristics.
(ii1)) To determine the main elements influencing decisions to buy groceries online

(iv) To investigate how demographics affect consumer satisfaction and purchasing
behaviour

(v) To offer practical suggestions for raising the calibre of services

LITERATURE REVIEW

2.1 Evolution of Online Grocery Shopping

Online grocery shopping has evolved from a niche service to a mainstream retail channel.
According to Morganosky and Cude (2000), early adopters of online grocery shopping were
primarily motivated by convenience and time-saving benefits. The sector has since matured
significantly, with technological advancements enabling better user experience and operational
efficiencies.

2.2 Customer Satisfaction in E-commerce

Customer satisfaction in online retail environments is influenced by multiple factors including
website quality, product quality, service quality, and overall shopping experience (Zeithaml et al.,
2002). In the context of online grocery shopping, additional factors such as product freshness,
delivery timeliness, and order accuracy become particularly important.

Parasuraman et al. (1988) introduced the SERVQUAL model, identifying five dimensions of
service quality: reliability, assurance, tangibles, empathy, and responsiveness. These dimensions

182

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

have been adapted and applied to online retail contexts, with modifications to account for digital
service delivery characteristics.

2.3 Factors Influencing Online Grocery Adoption

Research by Hansen (2008) identified convenience, product variety, and competitive pricing as
primary motivators for online grocery shopping. However, barriers such as concerns about
product quality, delivery reliability, and inability to physically examine products before purchase
continue to influence adoption rates.

Anesbury et al. (2016) found that demographic factors significantly influence online grocery
shopping behavior, with younger, more educated, and higher-income consumers showing greater
adoption rates. Geographic location and household composition also play important roles in
determining shopping preferences.

2.4 Service Quality in Online Grocery Context

Online grocery service quality encompasses multiple dimensions including website functionality,
product quality, delivery service, customer support, and payment security (Boyer & Hult, 2005).
Research indicates that delivery-related factors such as timeliness, product condition upon arrival,
and delivery personnel behavior significantly impact customer satisfaction.

2.5 Indian Market Context

The Indian online grocery market presents unique characteristics including diverse consumer
preferences, varying levels of digital literacy, and infrastructure challenges. Studies by Kumar
and Kashyap (2018) highlight the importance of cash-on-delivery payment options and local
language support in driving adoption among Indian consumers.

Singh and Mishra (2020) examined customer satisfaction factors in Indian online grocery
platforms, finding that product quality, delivery reliability, and customer service responsiveness
were the most critical satisfaction determinants. Their research also identified mobile app
usability as an increasingly important factor given the mobile-first approach of many Indian
consumers.

METHODS

3.1 Research Design

This study employed a quantitative research approach using a cross-sectional survey design. The
research aimed to capture customer perceptions, expectations, and satisfaction levels at a specific
point in time, providing a comprehensive snapshot of the online grocery shopping landscape in
Visakhapatnam.

3.2 Sampling Method and Sample Size

A random sampling technique was employed to ensure representativeness of the target
population. The sample consisted of 500 respondents from Visakhapatnam who had experience
with online grocery shopping within the past six months. The sample size was determined using
the formula for finite population sampling with a confidence level of 95% and margin of error of
5%.

3.3 Data Collection
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Data was collected through a structured questionnaire administered both online and through face-
to-face interviews between December 3, 2024, and January 10, 2025. The questionnaire was
designed in both English and Telugu to ensure accessibility across different educational
backgrounds.

3.4 Questionnaire Design
The questionnaire consisted of four main sections:
Section A: Demographic Information
e Age, gender, education, income, occupation, family size

Section B: Shopping Behavior
e Frequency of online grocery shopping

e Preferred platforms
e Average order value
e Product categories purchased

Section C: Expectations and Satisfaction Measures
e 5-point Likert scale questions measuring satisfaction across various attributes

o Importance ratings for different service factors
e Overall satisfaction scores

Section D: Preferences and Suggestions
e Payment method preferences

o Delivery preferences
e Areas for improvement
e Likelihood to recommend

3.5 Variables Measured
Independent Variables:
o Demographic characteristics (age, gender, income, education)

o Shopping frequency
o Platform usage patterns

Dependent Variables:
e Overall satisfaction scores

e Attribute-specific satisfaction ratings
e Repurchase intention
e Recommendation likelihood

3.6 Data Analysis
Data was analyzed using SPSS 26.0. The analysis included:
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o Descriptive statistics (frequencies, means, standard deviations)
o Chi-square tests for association between categorical variables

3.7 Reliability and Validity

The questionnaire underwent pre-testing with 50 respondents to ensure clarity and reliability.
Cronbach's alpha coefficient was calculated to assess internal consistency of satisfaction scales.
Content validity was established through expert review by academics and industry professionals.

RESULTS
4.1 Demographic Profile

Table 1: Demographic Characteristics of Respondents (n=500)

‘Characteristic HCategory HFrequency HPercentage ‘
|Age [18-25 years 145 129.0% |
| 126-35 years 198 139.6% |
| 136-45 years 112 22.4% |
‘ H46—55 years HSS H7.0% ‘
‘ HAbove 55 years HIO HZ.O% ‘
Gender [Male 1268 153.6% |
| |Female 232 146.4% |
[Education IHigh School las 19.0% |
‘ HBachelor’s H285 H57.0% ‘
| [Master's 145 129.0% |
‘ HProfessional HZS HS.O% ‘
‘Monthly Income HBelow 325,000 H95 H19.0% ‘
| 225,001-350,000 1210 142.0% |
| 250,001-375,000 135 127.0% |
| |Above 275,000 60 112.0% |
4.2 Shopping Behavior Analysis

Table 2: Online Grocery Shopping Behavior (n=500)

‘Behavior Aspect HCategory HFrequency HPercentage ’
‘Shopping Frequency HDaily HZS HS.O% ‘
| [Weekly 185 137.0% |
| |Bi-weekly 165 133.0% |
| Monthly 125 125.0% |
‘Preferred Platform HBig Basket H165 H33.0% ’
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‘Behavior Aspect HCategory HFrequency HPercentage ‘
| |Blinkit 125 125.0% |
| |Amazon Fresh |95 119.0% |
| |[Flipkart Grocery 185 117.0% |
| |Others 130 6.0% |
‘Average Order Value HBelow X500 HSS H17.0% |
| I500-31000 195 139.0% |
| R1001-22000 155 31.0% |
| |Above 22000 65 113.0% |

4.3 Satisfaction Levels Analysis

Table 3: Customer Satisfaction Ratings (Mean Scores on 5-point Likert Scale)

‘Service Attribute HMean Score HStandard Deviation HSatisfaction Level ‘
IProduct Quality 14.12 0.78 |High |
‘Product Variety H4.05 H0.82 HHigh ‘
‘Pricing H3.98 HO.SS HHigh ‘
‘Delivery Speed H3.89 H0.91 HHigh ‘
‘Order Accuracy H3.76 H0.95 HHigh ‘
‘Customer Service H3.68 HI.OZ HModerate ‘
‘Mobile App Usability H3.45 Hl.lS HModerate ‘
‘Website Functionality H3.52 HI.OS HModerate ‘
‘Payment Security H4.08 H0.79 HHigh ‘
‘Overall Satisfaction H3.84 H0.88 HHigh ‘

4.4 Payment Method Preferences

Table 4: Preferred Payment Methods (n=500)

‘Payment Method HFrequency HPercentage ‘
Cash on Delivery 1245 149.0% |
[UPI/Digital Wallets 155 31.0% |
‘Credit/Debit Cards H75 H 15.0% ’
INet Banking 125 15.0% |

4.5 Chi-Square Analysis

Table 5: Chi-Square Test Results - Age vs Overall Satisfaction

Age Group HVery Satisﬁed"Satisﬁed"NeutralHDissatisﬁed"Very DissatisﬁedHTotal
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‘Age Group HVery Satisﬁed"Satisﬁed"NeutralHDissatisﬁed"Very DissatisﬁedHTotal ‘
18-25 years|[35 65 35 |8 2 1145 |
26-35 years|55 |95 38 |8 12 1198 |
36-45 years|28 |58 20 4 12 112 |
46+ years |8 125 o |2 0 45 |

> =5.84,df =12, p > 0.05 (No Significant association between age and satisfaction levels)

Table 6: Chi-Square Test Results - Income vs Shopping Frequency

‘Income Level HDaily HWeekly HBi-weekly HMonthly HTotal |
[Below 225,000 2 128 135 130 195 |
225,001-350,000 |8 185 175 142 210 |
250,001-375,000  ][10 |58 l42 125 1135 |
|Above 275,000 |5 14 13 128 l60 |

> =32.21,df =9, p <0.05 (Significant association between income and shopping frequency)

4.6 Key Findings Summary

1. High Overall Satisfaction: 76% of respondents expressed satisfaction or high satisfaction
with online grocery services

2. Product Quality Priority: Product quality (4.12/5) emerged as the highest-rated attribute

3. Cash on Delivery Preference: 49% of customers prefer COD, indicating trust concerns

with digital payments

4. Mobile App Challenges: App usability scored lowest (3.45/5), indicating need for

improvement

5. Demographic Influences: Younger customers and higher-income groups show higher
satisfaction levels and shopping frequency

DISCUSSION

5.1 Customer Satisfaction Drivers

The results indicate that product quality, variety, and pricing are the primary satisfaction drivers
in online grocery shopping. The high satisfaction scores for these attributes (above 4.0 on a
S-point scale) suggest that online grocery platforms in Visakhapatnam have successfully
addressed core customer concerns regarding product offerings. This finding aligns with
previous research by Hansen (2008) and Singh and Mishra (2020), who identified similar
factors as critical in the Indian context.

The relatively high satisfaction with delivery speed (3.89/5) indicates that logistics capabilities
have improved significantly, though there remains room for enhancement. Order accuracy,
while satisfactory, presents an opportunity for improvement given its direct impact on

customer trust and repeat purchases.

ISBN Number : 978-81-992693-9-2

187




Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

5.2 Technology and User Experience Challenges

Mobile app usability emerged as the lowest-rated attribute (3.45/5), highlighting a critical area
for improvement. Given that mobile commerce dominates the Indian market, poor app
experiences can significantly impact customer acquisition and retention. The moderate
satisfaction with website functionality (3.52/5) suggests that platforms need to invest more
in user interface design and functionality optimization.

These findings are particularly significant considering that the majority of respondents (68.6%)
are aged between 18-35 years, representing a tech-savvy demographic with high
expectations for digital experiences. The technology gap identified in this study presents
both a challenge and an opportunity for online grocery platforms.

5.3 Payment Preferences and Trust Issues

The strong preference for cash on delivery (49% of respondents) reveals underlying trust
concerns regarding digital payments and financial security. While payment security scored
high (4.08/5), the behavioral preference for COD suggests that perceived security may differ
from actual security confidence. This finding is consistent with broader Indian e-commerce
trends where COD remains popular despite growing digital payment infrastructure.

The preference for UPI and digital wallets (31%) among those choosing digital payments
reflects the success of India's digital payment revolution. However, the continued reliance on
COD indicates that platforms need to invest more in building customer confidence in digital
payment systems through education and incentives.

5.4 Demographic Influences on Satisfaction

The chi-square analysis revealed no significant association between age and overall satisfaction
(x> = 5.84, p > 0.05), with younger customers showing higher satisfaction levels. This
pattern may suggest that age-related factors such as digital literacy, technology comfort, and
shopping expectations influence satisfaction perceptions among others.

The significant relationship between income and shopping frequency (x> = 32.21, p < 0.05)
indicates that economic factors play a crucial role in online grocery adoption. Higher-income
customers show more frequent usage patterns, likely due to greater disposable income and
time-saving preferences.

5.5 Service Quality Implications

Customer service satisfaction (3.68/5) indicates moderate performance, suggesting that human
interaction elements remain important even in digital commerce. The gap between high
product-related satisfaction and moderate service satisfaction highlights the need for better
customer support systems, training, and response mechanisms.

The overall satisfaction score of 3.84/5 represents good performance but indicates significant
potential for improvement. Given the competitive nature of the online grocery market,
platforms achieving higher satisfaction levels are likely to gain competitive advantages in
customer retention and market share growth.

5.6 Market Maturity and Consumer Behavior
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The results suggest that the online grocery market in Visakhapatnam is maturing, with
customers developing sophisticated expectations regarding service quality. The variety of
platforms used by respondents (with no single platform dominating more than 33% market
share) indicates a competitive landscape where customer loyalty is still being established.

Shopping frequency patterns (37% weekly, 33% bi-weekly) suggest that online grocery
shopping is becoming integrated into regular consumption patterns rather than being used
only for occasional purchases. This behavioral shift represents a positive trend for the
industry's long-term growth prospects.

CONCLUSION

6.1 Key Research Findings

This comprehensive study of customer expectations and satisfaction towards online grocery
stores in Visakhapatnam reveals a generally positive landscape with specific areas requiring
attention. The research demonstrates that customers are largely satisfied with core service
attributes, particularly product quality, variety, and pricing, which score above 4.0 on a 5-point
satisfaction scale.

The study confirms that product quality (4.12/5), product variety (4.05/5), and competitive
pricing (3.98/5) are the primary drivers of customer satisfaction in online grocery shopping.
These findings validate the focus of major platforms on sourcing quality products and
maintaining competitive pricing strategies.

However, significant opportunities exist for improvement in technology-related aspects,
particularly mobile app usability (3.45/5) and website functionality (3.52/5). These digital
touchpoints are crucial for customer experience and require immediate attention given the
mobile-first approach of Indian consumers.

6.2 Demographic and Behavioral Insights

The research reveals important demographic influences on online grocery shopping behavior.
Younger customers (18-35 years, representing 68.6% of the sample) demonstrate higher
satisfaction levels and more frequent shopping patterns. The significant association between
income levels and shopping frequency indicates that economic factors continue to influence
adoption patterns.

The persistent preference for cash on delivery (49% of respondents), despite high satisfaction
with payment security, highlights the complex relationship between perceived and actual security
in digital transactions. This finding suggests that platforms need to focus not only on actual
security measures but also on building customer confidence through education and incentive
programs.

6.3 Strategic Recommendations

Based on the research findings, several strategic recommendations emerge for online grocery
platforms:

Immediate Priority Actions:

(i) Enhance Mobile App Experience: Invest significantly in mobile app redesign and
functionality improvement, given its current low satisfaction rating and critical
importance for customer engagement.
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(i1) Strengthen Digital Payment Adoption: Implement targeted campaigns and incentives to
encourage digital payment usage while addressing underlying trust concerns through
education and security demonstrations.

(ii1))Improve Customer Service Systems: Develop more responsive and effective customer
service mechanisms to bridge the gap between high product satisfaction and moderate
service satisfaction.

Medium-term Strategic Initiatives:
(1) Demographic-targeted Marketing: Develop age-specific and income-specific marketing
strategies to better serve different customer segments and expand market reach.

(i1) Technology Infrastructure Investment: Upgrade website functionality and ensure
seamless cross-platform experiences to match rising customer expectations.

(iii)Loyalty Program Development: Create comprehensive loyalty programs to increase
customer retention and reduce platform switching behavior.

6.4 Implications for Industry Practice

The findings have significant implications for online grocery platform operators, investors, and
policymakers. For platform operators, the research provides clear guidance on investment
priorities and service improvement areas. The identification of mobile app usability as a critical
weakness offers a concrete area for competitive advantage development.

For investors, the generally positive satisfaction levels and growing adoption patterns suggest a
maturing market with strong growth potential. However, the fragmented competitive landscape
indicates that success will depend on execution quality rather than first-mover advantages.

6.5 Limitations and Future Research

This study focuses specifically on Visakhapatnam and may not be generalizable to other Indian
cities with different demographic compositions and infrastructure development levels. Future
research should examine geographic variations in satisfaction patterns and expectations.

The cross-sectional design captures satisfaction at a specific point in time but does not account
for seasonal variations or evolving customer expectations. Longitudinal studies would provide
insights into satisfaction trends and the impact of service improvements over time.

6.6 Contribution to Knowledge

This research contributes to the growing body of literature on online grocery shopping in
developing markets by providing empirical evidence from an important Indian urban center. The
study's findings regarding the technology-satisfaction gap and payment preference patterns offer
valuable insights for both academic researchers and industry practitioners.

The 1identification of specific demographic influences on satisfaction levels provides a
foundation for more targeted research and marketing strategies. The comprehensive analysis of
multiple satisfaction dimensions offers a holistic view of customer expectations that can inform
service design and improvement initiatives.

6.7 Final Observations
The online grocery sector in Visakhapatnam demonstrates strong potential with customers
showing high satisfaction with core service attributes. However, success in this competitive
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market will increase depending on excellence in digital experience delivery and building
customer trust in digital payment systems.

The research suggests that while the market has achieved basic service quality standards, the
next phase of growth will require sophisticated technology implementation and customer
experience optimization. Platforms that successfully address the identified gaps in mobile app
usability and digital payment adoption are likely to achieve significant competitive advantages.
The study confirms that online grocery shopping is transitioning from a convenience option to a
mainstream shopping channel in urban India. This behavioral shift, combined with improving
satisfaction levels, suggests a positive outlook for continued market growth and evolution in the
online grocery sector.
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Abstract

Artificial Intelligence has moved from being a distant possibility to an everyday presence in how
governments deliver services. In India, this shift is most visible in digital platforms such as
UMANG, DigiLocker, and the upgraded Incredible India tourism app. Each of these cases shows
both the promise and the limits of Al in public service. UMANG relies on multilingual chatbots
and intent recognition to simplify access to thousands of government services. Digil.ocker uses
anomaly detection to curb fraud and speed up verification of digital documents. The Incredible
India app introduces Al-driven travel planning that personalizes itineraries and feeds valuable
data back into tourism governance. Taken together, these platforms reveal how Al can compress
bureaucratic delays, extend reach, and make services appear more user-friendly. Yet, the gains
are not without cost. Across these systems, opacity in algorithmic decisions, uneven digital
access, and weak grievance mechanisms continue to erode trust. India’s large-scale approach
contrasts sharply with Estonia’s model, which anchors AI within transparent legal frameworks,
and with Brazil, where public pressure has forced course corrections when algorithms fail. While
India excels in scale, it lags behind in interoperability, rights-based accountability, and citizen
oversight. This study uses a qualitative case study method, drawing on policy documents, reports,
and secondary literature, and situates the analysis within Sustainable Development Goals 9 and
16. The argument advanced here is that Al’s legitimacy in governance will depend less on its
technical sophistication than on whether these systems deepen citizen agency, close gaps of
exclusion, and embed democratic accountability at their core.

Keywords: Artificial Intelligence, E-Governance, India, Digital Public Services, Tourism

Governance
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1. Introduction

Artificial intelligence is no longer confined to laboratories or pilot projects; it is shaping how
governments across the world function on a daily basis. From chatbots that handle citizen queries
to machine learning models that flag fraud in welfare schemes, the presence of Al in governance
is now routine rather than experimental. This transformation is not just about technology; it is

altering the very way states define and deliver public service.

India has been one of the early adopters in this field, largely through the Digital India mission
launched in 2015. The program marked a shift from viewing technology as an add-on to placing
it at the center of administrative reform. Platforms such as UMANG, DigilLocker, and Al-
enabled tourism services are now woven into everyday governance. Citizens use UMANG’s
chatbot to access a range of public services, DigiLocker to store and verify documents, and the
Incredible India app to plan travel using Al-driven recommendations. In each of these cases, Al

is not simply a back-end tool it directly shapes the citizen’s experience of the state.

But the enthusiasm for efficiency has come with its own set of dilemmas. Algorithms that
automate decision-making often operate as black boxes, making it hard for users to know why a
service failed or a document was rejected. Access to these systems also depends on stable
connectivity, digital literacy, and language support conditions that are uneven across India’s
diverse population. In practice, this means that those who are already at the margins risk being
left further behind.

This paper sets out to examine how Al is being integrated into India’s e-Governance platforms
and what this means for public service delivery and accountability. The focus is on three
operational casesUMANG, Digilocker, and Al in tourism governance that illustrate both the
opportunities and the fault lines of Al adoption. The analysis situates India’s experience
alongside examples from Estonia and Brazil to highlight contrasts in scale, transparency, and
institutional reflexivity. By doing so, the paper asks a broader question: can Al strengthen the
social contract between citizens and the state, or does it risk turning efficiency into exclusion?

2. Literature Review

2.1 Al in Governance: Global Trends and Theoretical Debates

The study of artificial intelligence in governance has grown rapidly across fields ranging from
political science to computer science. Scholars argue that Al is not just a tool that governments
adopt, but a governance actor in its own right. Margetts and Dorobantu (2019) suggest that

193

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

algorithms shape institutional decisions in ways that require us to rethink the role of the state.
Taddeo and Floridi (2018) add a moral dimension, pointing out that when machines participate

in policymaking, questions of responsibility and ethics become unavoidable.

Looking at global practices, we see a wide spectrum. Estonia has built one of the most
transparent and trusted digital bureaucracies in the world, while China has expanded Al largely
for surveillance and social control (Kattel & Mergel, 2019). These examples underline a central
tension: Al can streamline and democratize governance, or it can deepen inequality and
authoritarian control. Danaher et al. (2017) frame this as the dilemma of “algorithmic

governance,” where efficiency often comes at the cost of accountability.

2.2 E-Governance in India: From Digitization to Intelligence

India’s e-Governance journey began with digitization efforts in the early 2000s but gathered real
momentum after the launch of the Digital India initiative in 2015. This policy shift put digital
platforms at the heart of service delivery and positioned data-driven decision-making as a key
tool of statecraft (MeitY, 2022). Bhatnagar (2021) describes this transition as moving from

manual administration to digital platforms, and now toward intelligent, Al-augmented systems.

Al is already visible across a range of sectors: agriculture through Krishi Megh, healthcare
through eSanjeevani, and tourism through the Incredible India app (New Indian Express, 2025).
NITI Aayog’s #AlforAll strategy (2018) presents Al as a “force multiplier” for inclusive growth.
Yet, several researchers urge caution. Madianou (2019) introduces the idea of
“technocolonialism,” where digital systems unintentionally reproduce structural inequalities.
Similarly, Sharma (2021) argues that the benefits of e-Governance often bypass rural and

marginalized groups because of weak digital literacy and patchy infrastructure.

2.3 Public Service Delivery and Algorithmic Decision-Making

One of the strongest claims for Al in governance is its potential to improve speed, efficiency, and
scale. Chatbots using natural language processing have been deployed in municipal platforms
such as the Swachhata app, while predictive models help detect subsidy fraud (Jain et al., 2022).

These applications reduce administrative delays and increase coverage.

Yet, scholars remind us that algorithms come with trade-offs. Pasquale (2015) highlights the
opacity of “black box” systems that make decisions without transparency. O’Neil (2016) goes
further, describing flawed algorithms as “weapons of math destruction” that disproportionately

harm vulnerable groups. In the Indian context, even as Al tools reduce fraud or assist in planning
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tourist flows, they risk excluding citizens who face connectivity gaps, limited literacy, or
technical errors (New Indian Express, 2025). Veale and Brass (2019) emphasize that without
strong accountability frameworks, algorithmic decision-making can undermine public trust rather
than build it.

2.4 Al, Digital Rights, and the Ethics of Governance

Beyond efficiency, the ethical dimension of Al in governance has become central. Eubanks
(2018) shows how automated decision-making in the U.S. welfare system punished the poor in
systematic ways. In India, the landmark Puttaswamy judgment (2017) recognized privacy as a
fundamental right, but the regulatory response such as the Digital Personal Data Protection Act
(2023) still lacks clear guidelines for Al-based systems (Chakravarty & Kumar, 2024).

This raises the question of how to design Al in ways that protect rights and expand agency.
Sloane et al. (2022) argue that participation alone is not enough; inclusion must be built into the
design of Al systems. Rahwan et al. (2019) propose “human-in-the-loop” models, where human
oversight is retained to correct errors and add judgment where machines fall short. These ideas
resonate strongly in the Indian context, where Al adoption is outpacing the frameworks needed
to keep it accountable.

3. Methodology

This study takes a qualitative case study approach to understand how artificial intelligence is
shaping e-Governance in India. Instead of speculating about the future of Al, the focus is on
platforms that are already operational and in wide use. The aim is to see how these systems
actually function in practice, how citizens experience them, and what kinds of challenges they

raise for accountability.

Three cases form the backbone of the analysis: UMANG, Digilocker, and the Al-enabled
tourism platform linked to the Incredible India app. These were chosen for three reasons. First,
all of them have introduced Al features that directly affect how citizens access services through
chatbots, anomaly detection, or predictive planning. Second, they operate at scale and reach
diverse groups, from urban smartphone users to rural communities with limited digital literacy.
Third, there is sufficient documentation, government reports, technical papers, independent

evaluations, and media coverage that allows for a grounded assessment of their performance.

The study draws primarily on secondary sources. Policy documents such as NITI Aayog’s

National Strategy for AI (#AlforAll, 2018), the Digital India vision documents, and the Digital
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Personal Data Protection Act (2023) provide the policy and regulatory backdrop. Academic
articles, investigative journalism, and civil society reports are used to capture the wider debates
around efficiency, exclusion, and algorithmic accountability. User feedback reported in
grievance redressal forums, where available, is also considered to reflect the citizen’s point of

view.

The analysis is framed against two Sustainable Development Goals: SDG 16, which emphasizes
peace, justice, and strong institutions, and SDG 9, which stresses industry, innovation, and
infrastructure. By anchoring the study in these goals, the research moves beyond efficiency
metrics to ask whether Al is also supporting democratic accountability and inclusive

development.

The methodological choice is deliberate. A case-driven, document-based analysis does not offer
the depth of ethnographic fieldwork, but it allows for a comparative perspective across multiple
systems operating at national scale. The approach is meant to generate insights into how Al is
actually embedded in governance structures in India today, and what that means for both policy

design and citizen experience.

4. Case Studies

4.1 UMANG: A Unified Citizen Service Platform

UMANG (Unified Mobile Application for New-Age Governance) was designed to be a single
gateway for citizens to access hundreds of services from both central and state governments.
Today it offers more than 1,700 services in one place. What makes UMANG significant is not
just its scope, but the way Al is being folded into everyday interactions.

The platform’s chatbot is powered by intent recognition and multilingual processing, allowing
users to type or speak their queries without having to navigate long menu trees. For first-time
users or those more comfortable in regional languages, this lowers the barrier to entry. On the
back end, Al tools help track usage patterns, transaction failures, and peak demand periods,

producing dashboards that administrators use for resource allocation.

Still, the platform is uneven in its reach. Many users in rural areas struggle with poor
connectivity or limited digital literacy, which blunt the advantages of its Al features. In that
sense, UMANG highlights a broader theme in India’s e-Governance: technology can be
advanced, but its effectiveness depends heavily on the social and infrastructural context in which
it is used.
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4.2 DigiLocker: Al for Document Verification and Fraud Detection

DigiLocker is another flagship platform, positioned as a secure cloud-based repository for
official documents ranging from driving licences to school certificates. Its Al functions largely

behind the scenes but are critical to how the system works.

One set of algorithms classifies documents automatically, tags metadata, and makes them easily
searchable across departments. Another layer runs anomaly detection, flagging suspicious
uploads such as altered files or mismatched details that might indicate fraud. These tools have
made processes like job applications or licence renewals much faster and less prone to

manipulation.

Digilocker has also grown into an ecosystem, integrating with universities, transport
departments, and banks. This interoperability has reduced paperwork and improved verification
speeds. Yet the platform raises questions about centralised storage and the risks if biometric or
authentication systems fail. For many citizens, a single denial of access can feel like a digital

lockout with few avenues for appeal.

4.3 Al in Tourism Governance: Enhancing Travel Experience and Oversight

Tourism is one of the fastest-expanding sectors in India, and the Incredible India app has become
a testing ground for Al in this domain. Its most visible feature is an Al-powered travel planner
that suggests itineraries based on user preferences, seasonal data, and mobility patterns. The
system can generate personalised recommendations, from heritage walks to transport links, and it

supports multiple languages to cater to both domestic and international travelers.

On the governance side, Al analytics provide the Ministry of Tourism with real-time insights
into visitor flows and demand surges. This information feeds into resource allocation, crowd
management, and safety planning. Integration with Digilocker has also streamlined the storage
of permits and IDs, adding another layer of convenience.

At the same time, these advances highlight issues of exclusion. Tourists without smartphones,
steady connectivity, or digital skills may find themselves shut out of the very services meant to
improve their experience. The risk of surveillance and profiling also lingers, as predictive
systems flag “anomalies” in bookings or travel behaviour. What emerges is a mixed picture: Al
is making tourism governance smarter and more efficient, but it is also creating new divides

between digitally included and excluded groups.
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5. Discussion: Towards Responsible Al in Indian Governance

The three case studies - UMANG, DigiLocker, and the Incredible India app show that Al is no
longer peripheral in governance. It is woven into everyday state—citizen interactions. But looking

across them, one pattern becomes clear: the tension between efficiency and accountability.

5.1 Efficiency Gains Are Real, but Not Neutral

The practical benefits of Al are hard to ignore. DigiLocker reduces weeks of paperwork into
instant digital retrieval. UMANG?’s chatbot makes it easier for first-time users to navigate a maze
of government services. In tourism, predictive analytics allow the Ministry to anticipate crowd

surges and plan resources better. For a country the size of India, these gains matter.

But efficiency comes with assumptions. These systems presume stable internet access, functional
biometric authentication, and user literacy across multiple languages. In reality, these conditions
are far from universal. When failures occur, they fall hardest on those with the least resilience:
the rural poor, elderly citizens, the disabled, or small-scale tourism operators. Efficiency, in other

words, is never neutral. It redistributes costs and benefits unevenly.

5.2 Algorithmic Opacity and the Erosion of Accountability

Across the platforms, a recurring problem is opacity. When UMANG misroutes a service request
or DigiLocker flags a document as fraudulent, the user is rarely told why. The Incredible India
app may suggest an itinerary, but without explaining what data it draws on or why certain
destinations are prioritized. Unlike human bureaucrats, algorithms rarely provide reasons. And
when they do, the logic is buried in technical language or proprietary systems inaccessible to
ordinary users.

This creates a structural imbalance. Citizens are expected to adapt to the system, not the other
way around. Transparency and accountability. The bedrock of democratic governance becomes

harder to sustain when decision-making is automated but unexplained.

5.3 Digital Inclusion as Agency, Not Just Access

Policy documents often celebrate “last-mile delivery” as a marker of inclusion. But access alone
does not equal empowerment. A farmer who receives weather predictions but cannot challenge

errors, or a tourist who gets an Al-generated itinerary without offline alternatives, still lacks
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agency. Similarly, downloading a certificate from DigiLocker means little if errors cannot be

corrected through a clear grievance process.

True digital inclusion requires designing systems that allow citizens to contest, correct, and give
feedback. Without these features, inclusion risks being reduced to mere access; citizens can log

in, but they cannot shape outcomes.
5.4 India’s Policy Imagination: Still Playing Catch-Up

India has made important policy movesNITI Aayog’s #A4IlforAll, the Digital Personal Data
Protection Act (2023), and sectoral Al initiatives. Yet these frameworks are often reactive rather
than anticipatory. Ethical principles exist on paper, but mechanisms for enforcement are thin.

Public debate on what forms of automation are desirable, and for whom, remains limited.

The emphasis tends to be on innovation and scale, while conversations about redress, due
process, and design justice lag behind. This imbalance explains why systems often appear

impressive in technical scope but fragile when tested against rights and accountability.

5.5 India in Global Context: Lessons from Estonia and Brazil

Placing India alongside Estonia and Brazil helps sharpen the picture. Estonia has built trust
before technology, embedding data sovereignty and transparency into its digital infrastructure.
Brazil, when confronted with biased outcomes in welfare programs, allowed for public scrutiny
and mid-course corrections. Both cases show that scale alone is not enough; institutional

reflexivity and legal safeguards matter just as much.

India’s strength lies in its ability to roll out services to millions. But unlike Estonia, it lacks
robust legal anchors for data use and citizen oversight. And unlike Brazil, it has been slow to
acknowledge or correct algorithmic failures, often framing criticism as resistance to progress.

What emerges is a model of rapid expansion without adequate guardrails.
6. Conclusion and Policy Recommendations

The cases of UMANG, Digilocker, and the Incredible India app make it clear that artificial
intelligence is no longer an experiment in Indian governance; it is already embedded in the
everyday delivery of services. These platforms have demonstrated how Al can compress
timelines, automate verification, and personalise citizen experiences. In a country as large and

administratively complex as India, those gains are significant.
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Yet the same systems reveal serious fault lines. Algorithmic opacity makes decision-making
difficult to challenge. Gaps in digital literacy and access mean that some citizens cannot benefit
from services designed with them in mind. Weak grievance mechanisms turn small technical
failures into experiences of exclusion. What this suggests is that efficiency alone cannot be the
benchmark for AI in governance. If citizens are left without clarity, recourse, or agency, the

promise of digital governance risks becoming hollow.

Looking beyond India, the contrast with Estonia and Brazil is instructive. Estonia shows the
value of building strong legal safeguards and transparency into digital infrastructure from the
outset. Brazil illustrates how institutional reflexivity listening to civil society and correcting
courses when algorithms fail can strengthen trust. India has excelled in scaling services quickly
but has yet to embed similar safeguards. Without them, the very scale that makes India a global

example also becomes a source of vulnerability.

For Al to strengthen governance rather than weaken it, certain priorities are clear. Digital literacy
initiatives must be expanded in regional languages and tailored for users with limited technical
skills. Explainable AI should be mandated in systems that affect welfare, licensing, or
entitlements. Privacy protections must be designed into platforms rather than added after the fact.
Independent audits should be routine, with findings placed in the public domain. Grievance
redressal mechanisms need to combine Al-enabled efficiency with human oversight to restore
trust when errors occur. Finally, India would benefit from structured exchanges with countries

that have advanced further in balancing innovation with accountability.

The larger point is this: AI will not secure legitimacy in governance through technical
sophistication alone. Its long-term credibility depends on whether these systems reduce
inequities, respect rights, and widen citizen agency. Efficiency may win headlines, but
accountability will decide whether Al becomes a tool of empowerment or exclusion in the

decades ahead.
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Abstract

Thin film technology has emerged as a transformative field in material science,
offering applications in renewable energy, environmental sustainability, healthcare,
and industry. With global initiatives directed towards the United Nations Sustainable
Development Goals (SDGs), thin films provide a pathway to reduce resource
consumption, enhance energy efficiency, and promote green innovation. This paper
explores the intersection of thin film technology with SDGs, focusing on areas such as
clean energy (SDG 7), sustainable industry and innovation (SDG 9), climate action
(SDG 13), and good health and well-being (SDG 3). Applications such as thin-film
solar cells, low-emissivity coatings, biosensing devices, and photocatalytic films
highlight their potential in addressing global sustainability challenges. This paper
reviews the role of thin film technology in supporting SDGs, discusses current
challenges in scalability, toxicity, and durability, and outlines future directions for
greener materials and processes. By bridging material science with sustainability, thin
films stand as a promising pathway toward a more resilient and resource-efficient

future.

Keywords— Thin films, sustainable development goals, solar cells, smart coatings,
biosensors, green technology.

Introduction

Thin film technology has revolutionized numerous industries by enabling the
fabrication of ultra-thin materials with unique physical, chemical, and electronic

properties. These films, ranging in thickness from nanometers to micrometers, are
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integral to advancements in the energy, health, and environmental sectors. As the
global community strives to achieve the United Nations Sustainable Development
Goals (SDGs), thin film technology offers tangible solutions to some of the most
pressing challenges of our time. This paper examines the pivotal role of thin films in
sustainable development, focusing on their applications, benefits, challenges, and

prospects.
2. Thin Film Technology: Overview and Principles

Thin films are layers of material deposited onto a substrate, commonly via
techniques such as physical vapor deposition (PVD), chemical vapor deposition
(CVD), sputtering, and atomic layer deposition (ALD). The ability to control
composition, thickness, and structure at the nanoscale imparts distinctive properties,

making thin films suitable for various high-performance applications.

Thin film
Deposition

Chemical Vapor
Deposition
(cvo)
Low Plasma
Pressure Enhanced

Physical Vapor
Deposition
(PvD)

+

[ Iherma.l J Sputtering
Evaporation

3. Applications of Thin Films in Achieving SDGs

Atomic Layer

Thin films have varied applications that directly contribute to sustainable
development across numerous sectors. By permitting cost-effective renewable energy,
enhancing industrial efficiency, improving environmental performance, and
supporting healthcare innovations, thin films provide practical solutions to global
challenges. Their resourcefulness makes them integral to achieving the United
Nations Sustainable Development Goals (SDGs).

3.1 Clean and Affordable Energy (SDG 7)
Thin-film photovoltaic (PV) cells, such as those based on CIGS, CdTe, and

perovskites, play a crucial role in expanding access to renewable energy. Their
lightweight, flexible, and cost-effective nature enables integration into buildings,
vehicles, and portable devices, thus accelerating the transition toward sustainable

energy systems.
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3.2 Industry, Innovation, and Infrastructure (SDG 9)

Advanced thin-film coatings enhance the durability, efficiency, and
functionality of industrial components. Smart coatings, anti-corrosion layers, and self-
cleaning surfaces contribute to longer-lasting infrastructure and foster innovation in

manufacturing processes.

3.3 Climate Action (SDG 13)

Low-emissivity (Low-E) coatings for windows and reflective roofing films
help reduce energy consumption in buildings, thereby lowering carbon emissions.
Furthermore, thin film photocatalysts can degrade environmental pollutants,

supporting climate mitigation efforts.

13.1 Strengthen
resilience and

13 Joron
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3.4 Good Health and Well-being (SDG 3)

Thin films play a crucial role in the development of biosensors, drug delivery
systems, and antimicrobial coatings. These innovations enhance diagnostic

capabilities, improve patient outcomes, and reduce the spread of infectious diseases.

shutterstock.com - 2007546017
4. Challenges in Thin Film Technology

Despite considerable progress, the widespread adoption of thin film technologies

faces several challenges:

25. Scalability: Transitioning from laboratory-scale fabrication to industrial-scale

production while maintaining quality and performance.

26. Toxicity: Use of hazardous materials (e.g., cadmium, lead) in some thin-film

devices poses environmental and health risks.

27. Durability: Ensuring long-term stability and resistance to degradation under

real-world conditions.

28. Cost: Minimizing production and material costs to compete with conventional

alternatives.
5. Future Prospects and Directions

Ongoing research aims to address these challenges by:

e Developing non-toxic, earth-abundant materials (e.g., copper zinc tin sulfide,

organic semiconductors)
e Improving deposition techniques for large-area and flexible substrates
e Enhancing recyclability and end-of-life management for thin-film products

e Integrating thin films with emerging technologies such as IoT and smart grids
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6. Conclusion

Thin film technology stands at the forefront of sustainable innovation, offering
versatile solutions that advance the United Nations Sustainable Development Goals.
By fostering cross-disciplinary collaboration and continued investment in greener
materials and processes, thin films can drive progress toward a more sustainable,

resilient, and resource-efficient future.
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Abstract

Multimodal Artificial Intelligence (Al) refers to the integration of information from
several sources of data, text, images, audio, etc., for a better understanding and
generation of complicated information. Recent years from 2020 onward have seen a
rise in rapid developments of multimodal Al in applications like emotion recognition,
sentiment analysis, and generating content. This paper is a thorough literature review
of multimodal Al from 2015 to 2025, classifying methods as early, late, hybrid, and
attention-based fusion methods. Overall, the review demonstrates a clear trend of
transformer fusion methods in multimodal research as well as future potential, and
highlights the need for common benchmarks, explainable models, and platform

deployment in real-world settings.

Keywords: - Computer Vision, Deep Learning, Emotion Recognition, Multimodal Al,
Natural Language Processing

INTRODUCTION

Artificial intelligence has traditionally evolved in specific areas, making strides in
fields like computer vision, natural language processing, and speech recognition
independently. A major shift is taking place in the constantly changing field of
artificial intelligence (AI) that goes beyond the traditional limits of machine learning
and narrow task intelligence [1], [2], [3]. The emergence of multimodal Al, a quickly

208

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

developing discipline that aims to mimic the human capacity to integrate and analyze
multiple types of information at once—text, speech, images, video, spatial data, and
more—is an example of this shift [4], [5].Multimodal AI models are built to
synthesize knowledge across multiple modalities, allowing for more nuanced
reasoning, deeper contextual understanding, and more dynamic interactions with
humans and environments [6]. In contrast, early Al systems were primarily unimodal,
meaning they were made to process a single type of input (such as vision, language,
or audio). Human intelligence functions as a multimodal system because it naturally
blends visual information with language and auditory signals. Scientists have started
investigating multimodal Al systems because these systems need to process different
data types through combined reasoning methods. This very discrepancy has brought
about research into multimodal Al-systems that work in tandem to process, and then

reason on, diverse data sources.

The implications for multimodal artificial intelligence in the literature are steadily
increasing with projects that are based on audio-visual speech recognition,
multimodal sentiment analysis, image captioning, and more recently general-purpose
assistants that can act on images, speech and text in a multimodal way. Deep learning
algorithms that can learn from many data modalities are known as multimodal
models. The machine learning community's interest in these models is growing
quickly since it is hypothesized that they could be a necessary step towards artificial
general intelligence. Creating a single model that can execute (or readily adjust to
execute) a variety of multimodal tasks is the ultimate goal of multimodal learning. A
visual language model that can perform both unimodal tasks (like text generation and
image classification) and cross-modal tasks (like text-to-image retrieval or image
captioning), which calls for both in-context and joint learning across modalities, is a
basic illustration of multimodality [7].The authors organize their review according to
technological development stages instead of following the typical structure which

separates healthcare from sentiment analysis and other application areas.

This review based on timelines allows researchers to see how the discipline has
developed, why some methods came to dominate, and what trends are currently
driving the future.

LITERATURE RECIEW
In order to perform a thorough analysis, we chose research that was released between
2015 and 2025.Web of Science, arXiv, Scopus, and Google Scholar were among the d
atabases that were searched. The world of multimodal artificial intelligence (AI) has

seen some incredible changes over the past ten years.
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A. Early Fusion

Early multimodal approaches relied primarily on feature-level fusion, where raw

features from different modalities were combined before prediction.

e Visual Question Answering (VQA): Antol et al. (2015) suggested Visual
Question Answering (VQA), a groundbreaking contribution to the early fusion
stage that introduced a new benchmark and model for reasoning
simultaneously over images and plain language questions. VQA integrated
vision and language modalities by requiring models to comprehend an image,
parse a textual inquiry, and generate a natural language response, in contrast to
previous captioning systems that merely produced descriptions. In order to
classify across a predetermined response set, the initial VQA architecture
combined CNN-based image embeddings with RNN-based question
embeddings at the feature level. In order to move multimodal Al beyond basic
input-output mappings and toward interactive multimodal thinking problems,
this study was essential. By creating a comprehensive dataset and assessment
standard, VQA not only advanced multimodal [8].

e DeepSpeech: Hannun et al. (2014) built an end-to-end deep learning system
for automated speech recognition (ASR), which was one of the most
significant contributions made during the early fusion stage. Deep voice
developed a recurrent neural network (RNN)-based architecture that directly
learnt mappings from raw spectrogram inputs to text transcriptions, in contrast
to conventional voice recognition pipelines that mostly depended on
handcrafted features, phoneme modeling, and Gaussian mixture models. This
significantly reduced the amount of manual engineering that was previously
needed and signaled a move toward feature-level synthesis of language and
audio data. The system showed scalability by training on millions of hours of
voice data utilizing GPU clusters, achieving state-of-the-art performance on
benchmarks. Crucially, deep end-to-end multimodal communication was made

feasible by Deep Speech. Audio-to-text processing by showcasing [9].

e Show & Tell: Another key study in the early fusion era was Show and Tell by
Vinyals et al. (2015), which established one of the first successful end-to-end
neural architectures for picture captioning. The model generated natural
language descriptions of images by combining a recurrent neural network
(RNN) language model with a convolutional neural network (CNN) for visual
feature extraction. Bypassing the requirement for manually designed pipelines,
this was an early but potent example of feature-level fusion, in which visual

representations were directly linked with verbal outputs. The novel approach
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involved encoding semantic image attributes with deep CNNs pretrained on
ImageNet, which an LSTM subsequently decoded to provide logical textual
captions. The system's competitive performance on benchmark datasets like
MS-COCO laid the groundwork for subsequent [10].

These works demonstrated the feasibility of multimodal fusion but lacked

scalability and adaptability.

B. Deep Learning Expanison

With the rise of attention mechanisms and deeper neural networks, multimodal

learning entered a more sophisticated phase.

Show, Attend & Tell: Show, Attend and Tell (Xu et al.,, 2015) was a
significant development in the deep learning expansion phase. It added an
attention mechanism to multimodal learning, expanding the previous Show
and Tell captioning framework. This model closely resembles human visual
perception by allowing the network to dynamically attend to various spatial
regions of an image while generating each word of a caption, unlike fixed
global feature vectors. The flexibility was increased by the attention module's
operation in both deterministic and stochastic variations, which were trained
using variational or backpropagation techniques. In addition to increasing
captioning accuracy on datasets including MS COCO, Flickr9k, and Flickr30k,
the attention method was interpretable since visuals demonstrated how the
model's focus changed to pertinent objects while word production was
underway. This invention not only setnew performance benchmarks but also
introduced attention-based alignment as a general principle for multimodal
integration, paving the way for later transformer-based architectures in vision-
and-language tasks [11].

Audio-Visual Speech Recognition (AVSR): The work on Deep Audio-Visual
Speech Recognition (AVSR) (2018) was another important contribution in the
era of deep learning development. It showed how combining acoustic speech
information with visual lip movements might significantly improve robustness
in noisy conditions. This model successfully captured temporal dependencies
and cross-modal correlations by utilizing deep convolutional and recurrent
networks to concurrently learn from synchronized audio and visual streams, in
contrast to previous unimodal techniques. The practical significance of
multimodal fusion was highlighted by the system's ability to retain high
recognition accuracy even in difficult audio situations thanks to the inclusion
of visual cues. This study was a significant breakthrough in expanding speech

recognition beyond merely auditory inputs toward holistic, human-like
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perception, and it mirrored the larger trend in deep learning toward multi-
stream architectures that dynamically align disparate modalities [12].

e Multimodal Attentional Recurrent Networks (MARN): The Memory Fusion
Network (MFN) (Zadeh et al., 2018), which was created for multi-view
sequential learning, was a significant addition to multimodal deep learning at
this time. MFN explicitly represented both view-specific interactions (e.g.,
autonomous learning from text, audio, and video streams) and cross-view
interactions (how modalities influence each other over time), in contrast to
previous models that handled multimodal fusion in a comparatively static
manner. This was accomplished by combining the innovative Delta-memory
Attention Network (DMAN), which dynamically tracked cross-modal
interdependence, with a System of LSTMs devoted to each modality. The
architecture was also able to preserve temporal summaries of multimodal
interactions across sequences thanks to a Multi-view Gated Memory. Across
several benchmark datasets, MFN showed cutting-edge performance,
surpassing earlier fusion techniques and offering a definite paradigm change
[13].

e VILBERT: Multimodal AI underwent a significant transformation with the
introduction of transformers, and ViLBERT (Lu et al., 2019) was a key model
in this shift. With a two-stream transformer architecture—one for text and
another for image regions—and co-attentional layers, VILBERT expanded the
paradigm to vision-and-language problems, drawing inspiration from BERT's
success in language pretraining. The model's ability to acquire task-agnostic
visiolinguistic representations from extensive paired datasets was made
possible by this approach, which greatly increased its adaptability to a variety
of downstream tasks, including grounding, image captioning, and Visual
Question Answering (VQA). By separating unimodal processing while
allowing for deep cross-modal interaction, VILBERT overcome the drawbacks
of previous static fusion techniques and established new standards across a
number of benchmarks. More significantly, VILBERT demonstrated how
pretraining and fine-tuning in multimodal learning can have a revolutionary
effect [14].

This stage emphasized cross-modal interactions, improving applications such as

captioning, retrieval, and sentiment analysis.

C. Transformer Era

The introduction of transformer architectures and large-scale pretraining

fundamentally changed multimodal Al

212

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

e CLIP: A transformative leap in the transformer era was achieved with CLIP
(Contrastive Language—Image Pretraining) (Radford et al., 2021), which
introduced a scalable method for Ilearning joint vision—language
representations directly from internet-scale data. Unlike earlier multimodal
models constrained by curated datasets and task-specific supervision, CLIP
trained on 400 million image—text pairs collected from the web using a
contrastive learning objective that aligned images with their corresponding
natural language descriptions. This enabled the model to perform zero-shot
transfer across a wide range of downstream tasks—including image
classification, OCR, geo-localization, and action recognition—by simply
phrasing tasks as natural language prompts. Remarkably, CLIP achieved
competitive or superior performance to supervised baselines, such as matching
ResNet-50’s ImageNet accuracy without any task-specific training data. By
harnessing natural language as a universal interface, CLIP demonstrated the
viability of open-vocabulary visual recognition and established a new
foundation for large-scale multimodal pretraining, influencing subsequent
systems such as ALIGN, Florence, and Flamingo.[15].

e ALIGN: Building on the success of CLIP, ALIGN (A Large-scale ImaGe and
Noisy-text embedding) (Jia et al., 2021) showed how multimodal pretraining
may be scaled to previously unheard-of levels utilizing online data that is
noisy and poorly curated. By using sheer size to compensate for data noise,
ALIGN trained a dual-encoder architecture using more than one billion raw
image—alt text combinations that were gathered straight from the internet, in
contrast to previous attempts that relied on well filtered datasets like
Conceptual Captions or curated image-text pairs. Despite its relatively simple
architecture, ALIGN outperformed more sophisticated cross-attention models
by achieving state-of-the-art performance on benchmarks such as ImageNet
classification (zero-shot), Flickr30K, and MSCOCO retrieval using a
contrastive learning objective comparable to CLIP. ALIGN showed good
domain-wide generalization beyond task-specific benchmarks, allowing for
cross-modality search and even text + image searches [16].

e DALL-E: By addressing the problem of zero-shot text-to-image synthesis,
DALL-E (Ramesh et al., 2021) extended multimodal learning from
understanding to generation, marking a revolutionary stride in the transformer
era. DALL-E treated multimodal data as a single sequence by modeling text
and image tokens in a single autoregressive transformer stream, in contrast to
previous text-to-image systems that depended on supplementary supervision
such object labels or segmentation masks. This method, which was trained at

scale on sizable paired datasets, allowed the model to produce unique,
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coherent images from free-form text prompts without the need for task-
specific fine-tuning. In addition to its superior performance over domain-
specific generative models, DALL-E established the paradigm of prompt-
based controllable generation, in which visual creativity is accessed through
spoken language. This change has an impact on subsequent generative [17].

e Whisper: The release of Whisper (Radford et al., 2022) marked a pivotal
moment in multimodal Al by demonstrating how large-scale weak supervision
can achieve robust, general-purpose speech recognition. Trained on 680,000
hours of multilingual, multitask audio—text pairs collected from the internet,
Whisper showed that scaling up supervision allows models to generalize
remarkably well to standard benchmarks without fine-tuning, performing
competitively with fully supervised systems. Unlike earlier speech recognition
pipelines that required carefully curated datasets or domain adaptation,
Whisper achieved strong zero-shot transfer across diverse languages and
acoustic conditions, approaching human-level robustness in noisy
environments. By releasing models and inference code openly, Whisper also
established itself as a foundation model for speech processing, setting the
stage for downstream applications in transcription, translation, and multimodal
conversational systems. This work epitomized the shift toward scaling with
web-scale noisy data as a unifying principle across vision, language, and audio
modalities. [18].

e UNITER: UNITER (UNiversal Image-TExt Representation) (Chen et al., 2019)
was another significant development in the transformer revolution, advancing
the concept of cooperative multimodal pretraining. UNITER used a single-
stream transformer to process concatenated visual region embeddings and text
tokens, allowing for greater cross-modal interactions than previous two-stream
methods like VILBERT, which kept separate encoders for language and vision.
A suite of pretraining tasks, including Masked Language Modeling (MLM),
Masked Region Modeling (MRM), Image—Text Matching (ITM), and Word—
Region Alignment (WRA) via Optimal Transport, were used to train the
model on four large-scale datasets (MS COCO, Visual Genome, Conceptual
Captions, and SBU Captions) in order to learn universal image—text
representations. This process explicitly enforced fine-grained semantic
alignment between words and image regions. This architecture enabled
UNITER to attain cutting-edge performance throughout [19].

These models demonstrated the power of contrastive and generative pretraining,

enabling cross-task generalization and zero-shot learning.
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D. Foundation & Tri-Modal Models

The latest wave of research has focused on foundation models that integrate multiple

modalities at scale.

Flamingo: A significant advancement in the shift from transformer-based
multimodal representation learning to foundation models with few-shot
adaptation was made possible by DeepMind's release of Flamingo (Alayrac et
al., 2022). Flamingo was specifically created for in-context few-shot learning
spanning vision and language tasks, in contrast to previous models that mostly
depended on pretraining followed by fine-tuning. Through the use of
innovative cross-attention layers, its design connected massive pretrained
vision-only and language-only backbones, enabling the flexible integration of
text, video, and image sequences that were arbitrarily interleaved. By
conditioning on a small number of samples, this methodology allowed
Flamingo to analyze multimodal data streams with ease and quickly generalize
to new tasks, including multiple-choice reasoning, captioning, and visual
question answering. Without task-specific finetuning, Flamingo showed state-
of-the-art performance on a variety of benchmarks after being trained on
extensive multimodal web corpora, underscoring the growing significance of
prompt-driven, universal multimodal models. Flamingo paved the way for the
development of tri-modal foundation models, which integrate vision, language,
and audio in the quest for general-purpose Al, by allowing a single system to
reason over both static images and temporal video sequences [3].

BEiT-3: Another significant step forward in the development of general-
purpose multimodal foundation models was the publication of BEiT-3 (Wang
et al., 2022). A single masked data modeling target across text, images, and
image—text couples was made possible by BEiT-3's introduction of the
concept of treating images as a "foreign language," in contrast to previous
methods that focused on either vision-only or vision—language alignment. The
Multiway Transformer, a modular backbone that integrated modality-specific
experts (for language, vision, and vision—language fusion) while preserving a
common self-attention mechanism, was essential to BEiT-3. This method
scaled smoothly to big datasets and enabled both effective specialization and
deep fusion across modalities.. BEiT-3 demonstrated state-of-the-art transfer
results on a variety of tasks, such as object detection (COCO), semantic
segmentation (ADE20K), image classification (ImageNet), VQA (VQAV2),
visual reasoning (NLVR2), captioning (COCO), and retrieval (Flickr30K,
COCO), after being pre-trained on a variety of monomodal and multimodal

corpora. BEiT-3 foreshadowed the foundation model trend that currently
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powers tri-modal systems like Gemini by combining masked modeling for
pictures ("Imglish"), text ("English"), and multimodal data ("parallel
sentences"). This resulted in a good proof of concept for the big convergence
of modalities [20].

e Kosmos-2By adding grounding features, KOSMOS-2 (Peng et al., 2023)
expanded the field of multimodal large language models (MLLMs). By
employing structured representations and a Markdown-like syntax (e.g.,
“[object](bounding box)”’), KOSMOS-2 directly connected text spans to object
locations, in contrast to previous vision—language systems that mostly aligned
global or fine-grained embeddings. The scientists created GRIT (Grounded
Image—Text pairings), a sizable dataset in which linguistic terms are connected
to visual referents, to facilitate this breakthrough. For tasks like multimodal
reference, phrase grounding, and referring expression comprehension, this
allowed the model to base language in the visual world in addition to
perceiving text and images. Crucially, grounding was incorporated without
compromising already-existing MLLM features like in-context learning and
instruction following. In addition to benchmarking gains, KOSMOS-2 was[21].

e GPT-4: A significant turning point in the foundation model period was
reached with the publication of GPT-4 (OpenAl, 2023), the first frontier
multimodal big language model that could analyze text and images as inputs
and produce text outputs. GPT-4 was trained at a never-before-seen scale
using an autoregressive architecture based on Transformers, and its
performance was adjusted using optimization techniques and infrastructure
built for predictable scaling laws. The model's factuality, steerability, and
adherence to instructions were improved through post-training alignment
(using reinforcement learning with human feedback and other safety fine-
tuning procedures), allowing it to function dependably in a variety of scenarios.
The results showed that multimodal pretraining and scaling could produce
models that could compete with expert human performance on knowledge-
intensive tasks. Notably, GPT-4 demonstrated human-level competence on
professional and academic benchmarks, including placing in the top 10% of
test takers on a simulated bar exam. Importantly, GPT-4 paved the way for the
era of multimodal assistants by providing general reasoning capabilities that
smoothly transcend unimodal and multimodal inputs, surpassing vision—
language models such as UNITER and Flamingo [22].

o Gemini: With its impressive capabilities across text, image, audio, and video
data, Google's Gemini family of multimodal models marks a substantial
improvement in cross-modal understanding. These models, which come in

Ultra, Pro, and Nano varieties, serve a variety of purposes, ranging from
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resource-constrained, on-device use cases to complicated reasoning activities.
According to evaluation across a variety of benchmarks, Gemini Ultra
achieves human-expert level performance on the MMLU exam benchmark
and improves performance on all 20 multimodal benchmarks evaluated,
setting a new state-of-the-art in 30 out of 32 jobs.. These findings demonstrate
Gemini's competence in language comprehension and cross-modal reasoning.
In order to enable useful real-world applications while upholding ethical
norms, the paper also addresses responsible deployment strategies and
integrates the Gemini models into platforms including Gemini, Gemini
Advanced, Google Al Studio, and Cloud Vertex Al [23].

These models mark a shift from task-specific systems toward general-purpose

multimodal intelligence.

E.Future Directions

Despite rapid progress, several challenges remain, including bias, interpretability, and

real-world grounding.

Explainability: Multimodal Explainable Artificial Intelligence (MXAI), a field
of study that tackles the issues of transparency and reliability of conventional
Al systems by producing insightful justifications for model decisions, is
thoroughly reviewed by Rodis et al. (2025). With an emphasis on techniques
that use many modalities in both prediction and explanation tasks, the paper
methodically examines current developments in MXAI. The number of
modalities used, the processing step at which explanations are produced, and
the underlying methodological framework are the criteria it uses to classify
approaches. The study also covers the assessment metrics used for MXAI
techniques and looks at publicly accessible datasets used for learning and
assessing explanations. This paper offers a crucial road map for creating
transparent and interpretable multimodal Al systems by pointing out existing
shortcomings and suggesting future research avenues, highlighting the
increasing significance of explainability in addition to predictive performance.
[24].

Healthcare In their thorough analysis of deep learning-enabled computer
vision applications in medicine, Esteva et al. (2021) demonstrate the
revolutionary effects of artificial intelligence throughout the previous ten years.
The study focuses on the use of convolutional neural networks (CNNs) to
clinical deployment, medical imaging, and medical video analysis. It examines
important applications in a variety of fields, such as cardiology, pathology,
dermatology, and ophthalmology, showing how Al methods can improve the

precision and effectiveness of diagnostic procedures. Along with discussing
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how computer vision might be incorporated into clinical procedures, the study
tackles real-world deployment practical issues such data variability,
interpretability, and regulatory compliance. This survey offers a roadmap for
future research in medical computer vision and deep learning-based healthcare
applications by highlighting both opportunities and limits. [25].

e XR/VR Multimodal Agents: In the framework of Industry 4.0, Alhakamy
(2024) provides a thorough analysis of Extended Reality (XR) technologies
and their potential for creating immersive solutions. The study looks at the
similarities, differences, and industrial applicability of augmented reality (AR),
mixed reality (MR), augmented virtuality (AV), and virtual reality (VR). It
highlights how multimodal interactions can improve work performance,
decision-making, and operational efficiency by combining hardware, visual
displays, and human-machine interfaces.. Additionally, the paper addresses
how XR technologies have been modified to satisfy Industry 4.0 requirements,
offering instances that show enhanced safety, cost savings, and productivity.
This work emphasizes XR's revolutionary potential for human-centered
immersive solutions in contemporary industrial settings by organizing ideas
around important research issues about devices, interactions, and industrial
applications. [26].

The future of multimodal AI will likely involve interactive agents capable of

processing vision, language, audio, and context in real time.

DISCUSSION
Trends are clearly shifting away from the basic early/late fusion methods and moving
towards more sophisticated hybrid and attention-based fusion architectures.
Applications are spreading very fast across areas, showing the practical applicability
of multimodal Al. But outstanding challenges-such as alignment, explainability, and
in-field deployment-present serious opportunities for future work. With the growing
popularity of transformer-based architectures, it seems likely that cross-modal

attention mechanisms will take centre stage in upcoming studies.

CONCLUSION
This literature review charted the rise of multimodal Al, from the early fusion
approaches to state-of-the-art foundation models. It highlighted how advancements in
architecture, attention mechanisms, and large-scale pretraining have transformed the
landscape from specialized task-oriented systems to versatile multimodal
intelligence. . Society is on the cusp of explaining multi-modal systems, weaving in
health care, immersive XR/VR, and ultimately embedding multi-modal Al into our

lives. Addressing bias, transparency and scale will remain important going forward
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This review with a timeline perspective offers researchers and practitioners both

historical context and a forward-looking vision for the development of multimodal Al.
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Abstract

Artificial Intelligence (Al) is a branch of computer science which focuses on creating
algorithms or machines that can mimic human intelligence. Al has become an
indispensable tool across various fields, including corporate, research, education and
medicine. The most promising application of Al in healthcare is revolutionizing the
diagnosis of diseases and medical visualization. Al algorithms can analyze medical
images like X-rays, CT scans and MRIs with high accuracy, helping to detect many
diseases early and opening the gate for more effective treatment plans. This capability
has led to significant advancements in early diagnosis of fatal diseases like cancer,
diabetes, mental health, and advances in drug discoveries and preventive medicine.
Diabetes is a major disease in the world, causing millions of deaths. The shortage and
unequal distribution of diabetes specialists have contributed to poor glycemic control
among patients. Al based blood glucose management has become a good method to
increase diabetes care, leveraging technologies like continuous glucose monitoring
and predictive control.

Cancer is a fatal and a multi-factorial disease which is difficult to diagnose at an early
stage. It 1s a chronic disease. Other diseases like obesity, hyperglycemia and
depression can increase the risk of cancer. Al has been used in different areas like
radiotherapy, tumor contouring, dose optimization, optimizing drug -efficiency,
targeted treatment and personalized chemotherapy to minimize the adverse effects.
According to the WHO (World Health Organization), mental health disorders are now
contributing to the percentage of global disease burden which is equally harmful as
the other terminal diseases. There is a rapid increase in mental health disorders due to
changes in the lifestyle.

India is struggling with a high prevalence of mental health disorders like depression,
anxiety disorder, bipolar disorder and schizophrenia. AI tools help in analyzing
speech and facial expressions to identify the mental disorder. Natural Language
Processing (NLP) enables getting information from the written or spoken words to
know the exact disease and intensity. Mental health, cancer, and diabetes are
interconnected through a variety of complex factors. Their relationship highlights how
lifestyle and psychological well-being are crucial to physical health. While Al is a
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powerful tool across many sectors, its application in healthcare is particularly
promising. This paper will focus on how the development of Al in healthcare can be a
life-saving advancement. We will explore the interrelationship between cancer,
mental health, and diabetes and examine how powerful Al technologies are being
used for the diagnosis, treatment, and management of these and other diseases.

Key words: Healthcare, Diabetes, Cancer, Artificial intelligence, anxiety, diagnosis,
medicine

INTRODUCTION

In this era, Artificial Intelligence (Al) is the most powerful technology that can make
things possible anywhere and anytime. Al is achieved by reviewing how humans
learn and how human brain thinks, decide, and work while trying to solve a problem,
and then using the outcomes of this study as a basis of developing intelligent software
and systems.

There has been a rapid enhancement that includes the impacts on healthcare sector
where machine learning (ML) and deep learning (DL) are some of the essential ways
to advancing research, patient care and diagnostics. It uses algorithms to investigate
vast amounts of patient data, targeting to improve diagnosis, identify treatments,
improve drug development, and rationalize different tasks, resulting in a well-
organized, available, and equitable patient care.

Existing Al applications in healthcare can be broadly categorized into different kinds
like modeling, analysis of medical images, recognition pattern and automated
documentation, reducing costs and providing decision support systems and improved
patient outcomes. Machine learning (ML) has proved to be effective in identifying the
risk factors, predicting the disease progression and classify the data for easy access for
the health professionals (Fig. 1). While it being effective in structured data
environments, these models usually struggle with the complexities associated with
large scale unstructured medical datasets. NLP (Natural Processing Language) has
also gained some importance within healthcare mainly in the maintaining medical
records that involves literature and also electronic health records (EHRs).
Transformer based architectures, such as BERT (Bidirectional Encoder
Representations from Transformers) and GPT (Generative Pre-trained Transformer)
focus on the processing and extraction of critically important points from the vast
amounts of textual data. These enhance personalized treatments bringing challenges
related to interpretation, generalizability and data privacy of the model (Santiago et al,.
2025) [1].

Current trends in Al research in the case of healthcare focuses on the development of
explainable Al frameworks. Al focuses on bridging the gap between model
interpretation and complexity, so that the healthcare professionals can understand how
Al works in these cases and therefore helps in enhancing the transparency.
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COMPONENTS [l

OF Al

Fig 1- Components of Al
29. ROLE OF AI IN HEALTHCARE

There are many benefits of using Al in healthcare like accuracy of diagnosis, cost-
effective and less invasive treatments. It reduces cost within the healthcare system and
gives personalized treatments, and enhanced preventive care; all contributing to better
patient outcomes and an improved quality of life.

Ali (2025) explored the role of Al in infectious disease monitoring, optimization of
public health [2]. The study highlights AI- driven techniques such as DL (Deep
Learning) and also useful for real time outbreak forecasting, genomic surveillance and
vaccine development. By merging Al with large scale data, the study demonstrates the
Al is capable of detecting the emergence of public health threats. Grothen et al. (2020)
provided a systematic review of Al methods that applies to pharmacy data for cancer
monitoring and epidemiological research. This study focuses on the investigation that
clearly looks into the integration of machine learning and Natural Processing
Language in analyzing electronic health records to improve treatment [3]. Kraemer et
al. (2025) presented a detailed perspective on the use of Al in infectious disease
modeling, discussion on the basis on how deep learning, probabilistic modeling and
Al driven computational epidemiology can improve disease surveillance. This study
relies on historical datasets to evaluate AI’s role in stroke care monitoring, although it
provides valuable insights into healthcare system disruptions during the pandemic [4].

Al may offer suggestions towards diagnosis, medical intervention and therapeutic
insights and strategies for mitigating health detoriation and supporting strategies to
prevent worsening of patient’s conditions. Technologically advanced hospitals are
now exploring the use of Al technologies which help in improving the accuracy of
practice and lower the cost of operations. The advancements in data science and
artificial intelligence (AI) have advanced the effect on different fields of study that
may include business, healthcare or any such profession. Continued collaborations
between researchers will lead to harnessing of full potential of Al that will ensure
innovations in healthcare. (Fig 2)
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Fig 2- Role of Al in healthcare

30. AI IN DIABETES

The integration of digital Health technologies (DHTs) like artificial intelligence in
healthcare helps to resolve problems like uneven distribution of medical resources,
lack of high quality human resources and an insufficient capacity of primary
healthcare. Devices like continuous glucose monitoring (CGMs), insulin pumps and
Smartphone provides real insights into blood glucose levels, insulin dosages and
carbohydrates intake. These tools are complemented by smartphone applications by
tracking meal composition, while clinical data sources contribute lab results;
electronic health records (EHRs) and physician notes.

Some AI generative methods increase patient care and medical research with the
precise modelling of patient data and physiological response [5 and 6].

2.1 Al in prevention of diabetes

In today's era many new technologies have been introduced for the early diagnosis
which helps in primary care setting and gives us preventive strategies for high risk
population. Al based solutions may provide real time health and metabolic
information. In some cases the condition is asymptomatic so diabetes remains
undiagnosed for years in individual. Early diagnosis can help in managing the
condition and preventing microvascular and macro vascular outcomes.

Al in prevention, lifestyle and dietary management represents a significant
development in personalized healthcare where artificial intelligence is programmed to
tailored dietary and lifestyle interventions to individual patient needs and preferences.
It’s role in analysing vast amount of data from dietary pattern to get microbiome
composition that allows the creation of highly dietary preferences. Additionally,
studies like those of Seethaler et al., 2022 illustrated how AI can help in
understanding the complex interactions between diet, metabolic health and individual
physiological responses [7].

Thanks to many new technologies, by which we can detect abnormalities present in
our body. Interdisciplinary collaboration is essential as it involves healthcare
professionals, Al researchers and policy makers in developing Al tools that are user
friendly, has clinical relevance and aligned with healthcare policies. Al helps us in
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primary care setting and gives us preventive strategies for high risk population.
Continuous monitoring and evaluation of Al applications are necessary to identify
areas for improvement, understand long-term impact and to adjust strategies in
response to emerging data and technology. In some cases the condition is
asymptomatic so diabetes remains undiagnosed for years in individual. Early
diagnosis can help in managing the condition and preventing microvascular and
macrovascular outcomes [8].

2.2 Diabetes prediction using ML and Al techniques

Al and machine learning techniques helps us to gain knowledge about the
preliminary disease so that treatment can be done at the earliest. Improvement in
the early detection and analysis of diabetes that affects a significant portion of a
global population is the primary objective of this research. Because of the
application of the algorithms life Logistic Regression(LR) Random forest (RF),
Support Vector Machine(SVM), K-Nearest Neighbours (KNN), Gradient
Boosting (GB)and Decision tree(DT) (Fig 3); the researchers were able to
improve a prediction model that would be able derecognize individuals who are at
risk of developing diabetes based on relevant clinical data. The researchers have
also emphasized how important it is to a erestigate and find out different gadget
learning algorithm further improve precision and accuracy of diabetes prediction
models. Kumar et al.(2020) used the random forest algorithm to form a system
that can predict diabetes quickly and accurately Dataset used in this was collected
from UCI learning repository [9].

Mohan and jain (2022) used the SVM algorithms to analyse and predict diabetes
with the help of Pima Indian Diabetes dataset. Kumari et.al (2022) attempted to
apply a soft voting classifier based ensemble approach for diabetes
prediction .Mujumdar A (2024) had a look at objectives to broaden a sturdy
diabetes prediction version through the usage of gadgets studying algorithm and
massive information analytics .There are several other methods also which helps
us to predict the disease.

Logistic Regression :-
Baseline for binary prediction
(diabetic vs non-diabetic)
s Decision Trees and Random Forest :-
Artificial Neural Network (ANN) :-
Capture non-linear patterns, especially Handle complex interactions and categorical
in large datasets data

Deep Learning (CNNs, LSTMs) :- N | % K-Nearest Neighbors (KNN) :-
Used for image (e.g, retinal scans) or time-series Al Techniques commonly Simple classifier based on similarity
data (CGM readings) _~ usedin diabetes prediction
Supporter Vector machines ( SVM) :-
Useful for small to medium datasets with clear class
Ensemble Models :- boundaries

Combine predict

ple models

Gradient Boosting (XGBoost, LightGBM, CatBoost) ;-

High accuracy for tabular clinical data

Fig 3: Al techniques used in prediction of Diabetes
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2.3 Therapies and diet recommendations by Al in diabetes

Al based automatic diet monitoring techniques are developed. Dietary monitoring is
crucial part in patients with diabetes, especially as self-intake of food is inaccurate
and often impractical therefore it's important to develop a self-regulatory solution for
dietary monitoring

There are two categories of diet monitoring system based on degree of automation: In
semi-automatic systems users required to mark the approximate position of food in
picture. In automated dietary monitoring systems, server receives the food picture by
the user which examines the nutritional characteristics of food. Based on food images
recent research has shown increasing accuracy in estimating energy intake Vasiloglou
et al. (2018) designed smartphone system (GoCARB) which can estimate
carbohydrates content in meals and it is designed for patients with T1D [10]. Zhang
et.al (2015) developed a mobile food identification system that automatically
identifies food and estimates it's nutritional and caloric content without human
interference [11]. Fang et.al (2019) introduced new concept of food energy
distribution. The mapping of a food image to its energy distribution is learned using a
generative adversarial network ar-chitecture. Food energy was estimated from image
(the energy distribution image) predicted by generative adversial network [12].

Guan et al, 2023 reviewed the recent growth in the use of Al in the management of
diabetes and then discussed the challenges faced in clinical practice. They also
explored the probability of merging the existing digital health technologies to develop
an Al-assisted digital health-care ecosystem that includes the prevention and
management of diabetes. Mackenziel et al 2024 provided an overview of Al
techniques and explored the usage and data-driven systems covering all types of
diabetes about educating patients, self-management and  decision supports regarding
diagnosis and treatment plan. This review also provided a viewpoint on how Al-
driven systems could convert diabetes care in the coming years and how they could be
utilized into daily clinical practice [13].

2.4 Case study on diabetes

In Bandipora district (North Kashmir, India) clinical data were collected by authors
from doctor's clinic from April 2021 to Feb2022. Different ML algorithms were used
to predict which individual would have diabetes (or be at risk) based on features of
dataset. Different ML algorithms (Decision trees, random forests, Support vector
machines) were compared using standard metrics (accuracy, sensitivity, specificity
etc.) to see which model works best in that local population. The study showed ML
models gave good prediction in that setting. Study also showed the capability of ML
in early prediction and intervention. It's useful because it's localized with data from
local population, which is different from Western datasets in risk factors and patterns.
It shows feasibility of ML for early prediction of diabetes in resources limited setting
[14].

2.5 Opportunities and challenges of Al in clinical practice of diabetes care
Kalman- filter- based models have shown clinically significant ability to reduce

hypoglycemic events by suspending insulin delivery 30-70 minutes prior to predicted
lows. A radiomics based ML approach from optical coherence tomography (OCT)
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was developed to predict anti VEGF treatment response in diabetic patients with
macular edema recently.

Al based decision support systems can guide with customized insulin titration and
dysglycemia prediction There are many applications of Al but it possess critical
challenges that need to be resolved There are many ethical challenges like privacy,
data security, bias, and limited demographic dataset. The regulatory challenges
include patient safety and privacy Laws, Data protection laws, approval standards,
compliance laws. There are integration challenges like data quality, system integration,
system interoperability, variable performance of models [15].

3. Al IN CANCER RESEARCH

Cancer is a disorder characterized by unregulated cellular growth that has potential to
destroy the normal tissues. Genetic mutation and environmental triggers cause this
condition and impacting many body parts.

3.1 Al in Cancer Diagnosis and Early Detection, Staging and Grading:

Cancer diagnosis and early detection is one of the most significant challenges in the
field of medicine over the years. Al has been implemented; significantly improving
the outcome in patients and by detecting the tumor at a more treatable stage makes
survival easy. Al helps the early detection of cancer in many ways as mentioned in
(Fig 4). According to the studies, screening can increase early cancer detection and
decrease mortality by using Al based computational models and bioinformatics based
algorithms and present medical imaging technologies. Al assistant MIT had a
significant influence on neuro-radiography, Positron Emission Tomography (PET)
reveals tumor metabolism and help to define does escalation volume especially in
head and neck cancers. Various Al model have demonstrated strong performance in
Cancer diagnosis [16].
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Fig4: Alin Cancer Diagnosis
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3.1(a) Genomics and personalized medicine

By the identification of bio makers associated with different cancer subtypes, Al
became essential for analyzing genomic data to enable personalize treatment. Al can
rapidly match the patient genetic profile to suitable targeted therapies. Multi-model Al
system of recent trend combine imaging and genetic data show promise for providing
comprehensive insights into cancer biology [1].

3.1(b) Staging and Grading in Cancer

Cancer grading and staging are used to predict the clinical behavior of malignancy
established appropriate therapies and facilitate exchange of precise information.
Staging and Grading are two different ways to access cancer. Staging evaluate the size
of tumor and its location and how far or aggressively the cancer spread whereas
grading access the makeup of Cancer cells and help the pathologist to examine the
tumor cell and compare with looks of healthy cells.

3.2 Al in various treatment methods of cancer in modern oncology:

Due to presence of high-dimensional datasets and developments in computing and DL,
Al has made significant contributions to oncology. Therapeutic outcomes have been
aimed by cancer precision medicine and side effects for even single cancer patients
have been reduced. Wang et al. (2025) described the effect of Al on cancer precision
medicine is missing hence required. Many clinical studies demonstrated the
involvement of artificial intelligence in cancer precision medicine and have the power
to optimize conventional therapies, emerging targeted therapies, individual
immunotherapies and benefitting cancer healthcare [17]. Wang et al. (2025) provided
valuable assets to researchers, clinicians and encouraged more study in this arena [17].

3.2(a) Al in chemotherapy:

Al in the field of Cancer chemotherapy focuses on the response between drugs and
patient it helps in the management of chemotherapy drug used and prediction of
tolerance of the drug, it also increase the optimization of combined drug therapy.
Researchers successfully show that CURATE.AI an artificial intelligence platform is
used to determine the optimal dose of ZEN-3694 and enzalutamide which helps to
improve the efficiency and tolerance of combined treatment for patients [18].

3.2(b) Al in Radiotherapy:

Technology and Al has large contribution in the development of radiotherapy. After
the X-ray and radioactivity continuous discoveries are going on towards modern high-
tech radiation oncology. This kind of cancer treatment calls for interdisciplinary
knowledge from fields such as biology, physics, engineering and medicine as the
standard work flow of radiotherapy comprises CT stimulation, target controlling,
medical imaging, diagnosis.
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3.2(c) Account on Robotic Surgery:

This is developing field and has potential to completely transform surgery.Al
improves performance by reducing errors through motion; energy and force analyze
evaluating, automated and quantitative skill assessments. Cone-beam CT (CBCT)
based online adaptors radiation therapy postoperative esophageal cancer patients
incorporates DL and Al into radiation therapy to improve treatment precision and
flexibility. Robotic lung surgery using Al -assisted augmented reality (AR) to
improve thoracic treatment, accuracy and visualisation. Robotic arms provide superior
stability and dexterity compared to human hands, allow more accurate surgical
techniques.Al helps in 3D visualisation of images which enhance a surgeons ability to
navigate complex anatomical structures [19].

4. AI IN Mental health
4.1 Studies of AI and mental health

The way Al was introduced into mental healthcare has created a huge impact, altering
the ways the mental disorders can be treated or detected. The application of Al in
mental health not only allows enhancement in early detection and diagnosis but also
personalized treatment and improves patient participation. Al analyzes patient data
and includes tools like chatbots for support especially in areas with limited access to
old methods or traditional processes .However, along with using AI, there is a
question of data privacy, which has to be discussed while executing these methods in
mental health.

Current trends suggest that Al can facilitate the early detection of mental health
disorders through personalized approaches though AI and enhance the care to be
accessible for the undeserved population. Even though we know Al can be helpful
clinically, there has always been some questions raised by several professionals
regarding the integration of Al into mental health. Transparency of Al algorithms and
data privacy is critical issues that are being addressed till date.

4.2 NLP (NATURAL LANGUAGE PROCESSING)

NLP is an Al technique that allows computers to possess and also analyze human
language, holding a great responsibility in managing the raw data that was collected
regarding patient’s data in form of a message. As Graham et al note in their review of
Al in mental healthcare, supervised learning and NLP are the most common Al
techniques in mental health studies. Depression was and is one of the most talked-
about topics in today’s world.

4.3 How Al can benefit current healthcare for individuals with mental illnesses?

Digital health, has grown in popularity across the medical field over the past few
years has accelerated by the COVID-19 pandemic. It is especially relevant to mental
healthcare where 1s known as digital psychiatry. Launching more clinical trials with
technology companies to test new interventions and solve ethical issues like data
privacy. There has been a recent review by Torous et al 2021 identified a growing
number of studies which revolves around how smartphones, Virtual reality, social
media and chatbots can be useful in digital psychiatry [20].
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4.4 Ethical considerations of Al in mental health practice

Psychiatry has long relied on statistical results over prediction and has experienced
problems with methodology translation. Even though, Machine Learning is well-
suited to psychiatric applications, studies have reported varying degrees of accuracy
which has raised concerns about the accuracy of findings. Several reviews have called
for a closer look at the ethical issues underpinning the uncertainty around
incorporating Al in mental healthcare [21].

4.5 Effects of individualized virtual reality (vr) on self-compassion and
depression

Al powered chatbots and virtual assistants- the chatbots and virtual assistants offer 24
hr patient support and handling duties such as scheduling appointments, prescription
reminders and assessing symptoms. For example chatbots such as Ada health and
Buoy health employ artificial intelligence in order to assess symptoms of patients and
provide preliminary diagnosis before sending it to respective healthcare services [22].

Depression is a common mental disorder and a leading cause of disability that has
been identified by World Health Organization as a major contributor to the global
burden of disease. Cognitive behavioral therapy, interpersonal psychotherapy and
antidepressant medication are commonly used to treat depression. But now, VR has
emerged as a safe and effective tool for treatment of anxiety and depression.

The method that was followed, as participants recruited from an University were
already familiar with the fact that the study was investigating a treatment for
depression so they were asked to complete 2 iVR sessions, spaced 2 weeks apart.
Upon completion of both the sessions, additional measures were administered to
assess participants’ point of views about the perceived way of use and system
acceptability of the iVR approach.

At the end of both the sessions, self-compassion was assessed at the beginning of
session 1 and at the end of session 1.There was also a non-significant trend for
depressive symptoms to be low at the end of session 2 relative to baseline. Both
quantitative and qualitative participant data supported the 1VR approach to be
acceptable and usable. This might be a useful tool to enhance self-compassion and
reduce depressive symptoms, highlighting the need for random controlled trials in the
future [22].

4.6 Acceptance of mental health

Al tools are especially essential in student populations where they address mental
health challenges; particularly in sports education contexts, advanced Al models and
focus on improving the accuracy of emotion recognition and essential component in
mental health interventions. It has been emphasized that user driven data input such as
voluntary mental health surveys, aligns with AI’s non-invasive monitoring
applications. These findings tell us about the high acceptability and potential efficacy
of Al-based mental health interventions across various populations and applications
[23].
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4.7 Future research directions and recommendations

The directions for future research for Al in healthcare include ethical, bias-mitigated
algorithms and adopting association between clinicians and Al developers. The
challenges are to make sure data privacy and security, organizational capacity
technical infrastructure, ethical and responsible practices in addition to aspects related
to safety and regulation. Some of these issues have been studied but others need more
research.

Interrelationship among Cancer, Mental health, Diabetes and Al

Artificial intelligence (Al) is transforming the understanding, management, and
treatment of the complex interrelationships among diseases. These conditions impact
each other through common  pathways in biological systems, risk factors and
psychological effects. Artificial Intelligence is uncovering patterns; processing
complex and vast datasets which was not detectable previously leading to more
personalized and integrated care.

CONCLUSION

Al has the capability to revolutionize healthcare management and provide incredible
benefits to healthcare organizations and Patient alike. Al is revolutionizing the
pharmaceutical sector across the entire lifecycle of medicine from medicinal product
discovery, development to pharmacokinetics, evaluation, manufacturing, marketing,
approval, and pharmacy vigilance. Al driven prediction help determine optimal
dosing, while in clinical trials, Al assists with patient stratification, digital twins and
trial simulation

The data which are difficult to obtain Al help to gain insights into data by providing
real time decision support and recommendations, automate mundane tasks, improved
diagnosis and treatment accuracy, monitor patient health, predict future health
outcomes and improve communication between professionals and patient. Although
Al has many limitations also like privacy, security, and even legal problems so people
prefer professional interference instead of Al technologies therefore there is more
need to improve the ethical use of Al in healthcare to get patient's trust.

REFERENCES

[1] Santiago MV, Velasco DL , Sifuentes CM, Hernandez LC, 2025 A state-of-
the-art review of artificial intelligence(Al) applications in Healthcare,
Computers 14,143. https://doi.org/10.3390/computers14040143

[2] Hasan, M.K., Alam, M.A., Das, D., Hossain, E., Hasan, M. 2020: Diabetes
pre-diction using ensembling of different machine learning classifiers. IEEE
Access 8, 76516-76531,

[3] Grothen AE , Bethany Tennant 2 , Catherine Wang ! , Andrea
Torres 2 , Bonny Bloodgood Sheppard ? , Glenn Abastillas * , Marina
Matatova !, Jeremy L Warner *, Donna R Rivera 2020 Application of
Artificial Intelligence Methods to Pharmacy Data for Cancer Surveillance and

231

ISBN Number : 978-81-992693-9-2


https://doi.org/10.3390/computers14040143
https://pubmed.ncbi.nlm.nih.gov/?term=Grothen+AE&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Tennant+B&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+C&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Torres+A&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/?term=Torres+A&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Bloodgood+Sheppard+B&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Abastillas+G&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Matatova+M&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/?term=Matatova+M&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Warner+JL&cauthor_id=33197205
https://pubmed.ncbi.nlm.nih.gov/33197205/#full-view-affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Rivera+DR&cauthor_id=33197205

Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Epidemiology Research: A Systematic Review. JCO Clin Cancer Inform.
Nov:4:1051-1058. doi: 10.1200/CCI1.20.00101.

Kraemer MUG et al 2025. Artificial intelligence for modelling infectious
disease epidemics, Nature Feb;638(8051):623-635. doi: 10.1038/s41586-
024-08564-w. Epub 2025 Feb 19.

Guan Z.,LiH.,LiuR., cai C,,Liu Y., LiJ., Wang X., Huang S., Wu L., liu D.,
Yu S., Wang Z., Shu J., HouX., Yang X., Jia W., sheng B., 2023 Artificial
intelligence in diabetes management:Advancements, opportunities, and
challenges oct3, 4(10) : 101213 https://doi.org/10.1016/j.xcrm.2023.101213
Mujahid OJ., Beneyto A., Contreas I., 2025.Generative Al in Diabetes
healthcare Volume 8 issue 8 113051 August 15

Benjamin Seethaler , Nguyen K Nguyen , Maryam Basrai , Marion
Kiechle , Jens Walter , Nathalie M Delzenne , Stephan C Bischoff Short-
chain fatty acids are key mediators of the favorable effects of the
Mediterranean diet on intestinal barrier integrity: data from the randomized
controlled LIBRE trial Am J Clin Nutr 2022 Oct 6;116(4):928-942. doi:
10.1093/ajcn/nqac175.

Khalifa M and Albadawy M. 2024. Artificial intelligence for diabetes:
Enhancing prevention, diagnosis, and effective management. Computer
Methods and Programs in Biomedicine Update 5 (2024) 100141.
https://doi.org/10.1016/j.cmpbup.2024.100141

Kumar A and Nishant Sinha 2020 Classification of Forest Cover Type Using
Random Forests Algorithm January 2020DOI:10.1007/978-981-15-0694-9_37
book: Advances in Data and Information Sciences (pp.395-402)

Vasiloglou, M.F., Mougiakakou, S., Aubry, E., Bokelmann, A., Fricker,
R.,Gomes, F., Guntermann, C., Meyer, A., Studerus, D., and Stanga, Z.(2018).
A Comparative Study on Carbohydrate Estimation: GoCARB vs.Nutrients 10,
741. https://doi.org/10.3390/nu10060741

Zhang, W., Yu, Q., Siddiquie, B., Divakaran, A., and Sawhney, H.
(2015)."Snap-n-Eat":Food Recognition and Nutrition Estimation on a Smart-
phone. J. Diabetes Sci. Technol. 9, 525-533.
https://doi.org/10.1177/1932296815582222

Fang, S., Shao, Z., Kerr, D.A., Boushey, C.J., and Zhu, F. (2019). An End-to-
End Image-Based Automatic Food Energy Estimation Technique Based on
Learned Energy Distribution Images: Protocol and Methodol-ogy. Nutrients
11, 877. https://doi.org/10.3390/nul 1040877
Mackenzie S C, Sainsbury C AR and Wake D J 2024 Diabetes and artificial
intelligence beyond the closed loop: a review of the landscape, promise and
challenges, Diabetologia, 67:223-235 https://doi.org/10.1007/s00125-023-
06038-8

Bhat SS, Venkatesan Selvam, Gufran Ahmad Ansari, Mohd Dilshad
Ansari, Md Habibur Rahm 2022. Prevalence and Early Prediction of Diabetes
Using Machine Learning in North Kashmir: A Case Study of District
Bandipora, Computational Intelligence and Neuroscience, First published: 04
October 2022 https://doi.org/10.1155/2022/2789760

232

ISBN Number : 978-81-992693-9-2


https://pubmed.ncbi.nlm.nih.gov/?term=Kraemer+MUG&cauthor_id=39972226
https://doi.org/10.1016/j.xcrm.2023.101213
https://pubmed.ncbi.nlm.nih.gov/?term=Seethaler+B&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/36055959/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Nguyen+NK&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/36055959/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Basrai+M&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/36055959/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Kiechle+M&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/?term=Kiechle+M&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/36055959/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Walter+J&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/36055959/#full-view-affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Delzenne+NM&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/36055959/#full-view-affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?term=Bischoff+SC&cauthor_id=36055959
https://pubmed.ncbi.nlm.nih.gov/36055959/#full-view-affiliation-1
https://doi.org/10.1016/j.cmpbup.2024.100141
https://www.researchgate.net/scientific-contributions/Nishant-Sinha-2168751522?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1007/978-981-15-0694-9_37
https://doi.org/10.3390/nu10060741
https://doi.org/10.1177/1932296815582222
https://doi.org/10.3390/nu11040877
https://doi.org/10.1007/s00125-023-06038-8
https://doi.org/10.1007/s00125-023-06038-8
https://onlinelibrary.wiley.com/authored-by/Bhat/Salliah+Shafi
https://onlinelibrary.wiley.com/authored-by/Selvam/Venkatesan
https://onlinelibrary.wiley.com/authored-by/Ansari/Gufran+Ahmad
https://onlinelibrary.wiley.com/authored-by/Ansari/Mohd+Dilshad
https://onlinelibrary.wiley.com/authored-by/Ansari/Mohd+Dilshad
https://onlinelibrary.wiley.com/authored-by/Rahman/Md+Habibur
https://doi.org/10.1155/2022/2789760

Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

[15]

[16].

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Parab R., , Feeley J., Valero M., Chadalawada L., Garcia G., Kar S,
Madabhushi A., breton M., Li J., shao H., pasquel F., Al in Diabetes care :
Application, challenges, and opportunities Ahead 2025 sep 12

Tiwari A., Mishra S., Kuo T R 2025.Current Al technology in cancer
diagnostics and  treatment, Molecular Cancer (2025) 24:159,
https://doi.org/10.1186/s12943-025-02369-9

Wang J, Ziyi Zeng2,3, Zehua Li4, Guangyue Liu5, Shunhong Zhango,
Chenchen Luo7, Saidi Hu8, Siran Wan9 and Linyong Zhaol0*, 2025, The
clinical application of artificial intelligence in cancer precision treatment;
Journal of Translational Medicine, 23: 120. https://doi.org/10.1186/s12967-
025-06139-5

Mathias.et. AL.Modulating BET Bromodomain Inhibitor ZEN-3694 and
Enzalutamide Combination Dosing in a Metastatic Prostate Cancer Patient
Using CURATE.AI, an Artificial Intelligence Platform 2018

-Fiorino C., GuckenbergerM., SchwaM., Van der Heide U., HeijmenB.,
Technology-driven research for radiotherapy innovation march2020

Torous J , Sandra Bucci, Imogen H Bell, Lars V Kessing, Maria Faurholt-
Jepsen, Pauline Whelan * * | Andre F Carvalho ° 1 ' | Matcheri
Keshavan ! 2, Jake Linardon 2, Joseph Firth * ¥ The growing field of
digital psychiatry: current evidence and the future of apps, social media,
chatbots, and virtual reality World Psychiatry, 2021 Oct;20(3):318-335. doi:
10.1002/wps.20883.

Kevin W Jin, Qiwei Li, Yang Xie, Guanghua Xiao 2023. Artificial
intelligence in mental healthcare: an overview and future perspectives. Br J
Radiol Sep 20;96(1150):20230213. doi: 10.1259/bjr.20230213

Akila K, R. Gopinathan, Arunkumar, B. Sree Bavai Malar 2025 The Role of
Artificial Intelligence in Modern Healthcare: Advances, Challenges, and
Future Prosp, European journal of Cardiovascular Medicine. Research Article |
Volume 15 Issue 4 (April, 2025) | Pages 615 - 624

Dehbozorgi R., Zangeneh S.,Khooshab E.,Hafezi D., Hanif N., P. Samian,
Yousefi M., Hashemi FH.,Vakili M., Jamalimoghadam N.,Lohrasebi F.2025,
The application of artificial intelligence in the field of mental health: a
systematic review BMC Psychiatry; 25:132 https://doi.org/10.1186/s12888-
025-06483-2

233

ISBN Number : 978-81-992693-9-2


https://doi.org/10.1186/s12943-025-02369-9
https://doi.org/10.1186/s12967-025-06139-5
https://doi.org/10.1186/s12967-025-06139-5
https://pubmed.ncbi.nlm.nih.gov/?term=Torous+J&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/?term=Bucci+S&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/?term=Bell+IH&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/?term=Kessing+LV&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/?term=Faurholt-Jepsen+M&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/?term=Faurholt-Jepsen+M&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/?term=Whelan+P&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Carvalho+AF&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-9
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-10
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-11
https://pubmed.ncbi.nlm.nih.gov/?term=Keshavan+M&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/?term=Keshavan+M&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Linardon+J&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-12
https://pubmed.ncbi.nlm.nih.gov/?term=Firth+J&cauthor_id=34505369
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-13
https://pubmed.ncbi.nlm.nih.gov/34505369/#full-view-affiliation-14
https://pubmed.ncbi.nlm.nih.gov/?term=%22Jin%20KW%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Li%20Q%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Xie%20Y%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Xiao%20G%22%5BAuthor%5D
https://doi.org/10.1259/bjr.20230213
https://doi.org/10.1186/s12888-025-06483-2
https://doi.org/10.1186/s12888-025-06483-2

Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

ICAISDGs-2025-A74

Tenancy Rights and Forced Evictions in Urban Growth:
A Critical Analysis of Partnerships within the Framework of

SDG 17

NAKSHATHRA K.K
Research Scholar, VISTAS
Dr. SINCY WILSON
Research Supervisor, VISTAS

Abstract

Rapid urban growth, while essential for economic progress, often results in the
marginalization of tenants through forced evictions and inadequate legal safeguards.
Tenancy rights remain one of the least protected aspects of housing justice,
particularly in developing cities where urban expansion prioritizes commercial
interests over inclusivity. Such displacement not only undermines social equity but
also contradicts the principles of the 2030 Agenda for Sustainable Development. This
paper provides a critical analysis of tenancy rights in the context of urban growth,
situating the discussion within Sustainable Development Goal 17 (Partnerships for the
Goals). It evaluates how state actors, municipal authorities, private developers, civil
society, and international organizations can collaborate to prevent forced evictions
and promote secure tenancy. The analysis highlights structural challenges such as
weak rent regulation, limited tenant participation in policymaking, and the dominance
of profit-driven urban development models. It also questions whether existing
partnerships genuinely prioritize tenant welfare or remain symbolic, serving
institutional or economic interests. Furthermore, the paper interrogates the gap
between policy commitments and ground realities by assessing whether partnership
frameworks translate into tangible benefits for vulnerable tenants. It explores how
global best practices—such as community-driven housing initiatives, cross-border
cooperation for migrant tenants, and digital platforms for transparent tenancy
agreements—can be localized to create inclusive urban governance. The study argues
that preventing forced evictions requires not only strong legal instruments but also
sustained partnerships that integrate accountability, tenant representation, and social
equity into the core of urban planning. By critically examining tenancy rights through
the lens of SDG 17, this study emphasizes that meaningful partnerships are not merely
supportive mechanisms but foundational strategies for achieving housing justice and
building sustainable, equitable cities.

Keywords: Tenancy Rights, Forced Evictions, Urban Growth, SDG 17, Partnerships,
Housing Justice
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1. Introduction

Urbanization has become one of the defining global trends of the 21st century. The
United Nations estimates that by 2050, nearly 68% of the world’s population will
reside in cities (UN, 2019). This rapid urban growth, while contributing to economic
development, innovation, and cultural dynamism, has also intensified socio-economic
inequalities, particularly in the realm of housing. For millions of urban dwellers,
tenancy represents the most accessible form of housing, especially in contexts where
home ownership remains financially unattainable. Yet tenancy rights are among the
least protected aspects of housing governance, with many tenants facing insecure
contracts, unregulated rent hikes, and, most critically, forced evictions.

Forced evictions—defined by the UN Committee on Economic, Social and Cultural
Rights as “the permanent or temporary removal against their will of individuals,
families, and communities from their homes or land, without the provision of, and
access to, appropriate forms of legal or other protection” (UNCESCR, 1997)—have
become a recurring feature of urban growth. Governments and private developers
often justify such displacements in the name of infrastructure development, slum
clearance, or beautification projects. However, these practices frequently undermine
international human rights obligations, particularly the right to adequate housing as
recognized in Article 11 of the International Covenant on Economic, Social and
Cultural Rights (ICESCR).

The issue of tenancy rights in urban growth must also be understood through the lens
of the Sustainable Development Goals (SDGs). While SDG 11 explicitly emphasizes
the creation of inclusive, safe, resilient, and sustainable cities, the realization of this
vision is impossible without addressing the vulnerabilities of tenants who are
disproportionately at risk of displacement. More importantly, SDG 17— Partnerships
for the Goals”—provides a framework through which multiple stakeholders, including
governments, civil society, private actors, and international organizations, can
collaborate to protect tenancy rights and prevent forced evictions. The success or
failure of tenancy protection is often determined not solely by legislation but by the
strength and accountability of partnerships that govern urban development.
Historically, tenancy laws across the world have developed unevenly. In many
developing countries, colonial-era legal frameworks continue to dominate housing
regulation, often prioritizing landlord rights over tenant protections. For example, in
India, the post-independence rent control laws sought to protect tenants but eventually
led to market distortions and weakened enforcement, leaving many renters vulnerable
to informal arrangements without legal recourse (Bhan, 2017). Similarly, in parts of
sub-Saharan Africa, weak rental housing policies have contributed to the growth of

informal settlements where tenancy remains undocumented and therefore legally
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unprotected. Such contexts highlight the precariousness of tenants when urban growth
accelerates without inclusive housing strategies.

The role of partnerships is critical in addressing these gaps. Governments alone often
lack the financial or institutional capacity to ensure secure tenancy, while private
developers frequently prioritize profit-driven agendas. Civil society organizations,
grassroots movements, and international agencies have stepped in to bridge these
divides. However, partnerships are not inherently equitable. Many are symbolic,
designed to fulfill donor requirements or project mandates without meaningfully
empowering tenants or addressing structural inequalities. The challenge lies in
creating partnerships that are not only multi-stakeholder but also genuinely
participatory, accountable, and centered on the rights of tenants.

This paper therefore seeks to critically analyze tenancy rights and forced evictions
within the framework of SDG 17. It argues that while partnerships offer a promising
approach to urban housing governance, their effectiveness is undermined when power
asymmetries, weak legal systems, and tokenistic participation prevail. By examining
comparative case studies from diverse urban contexts, the paper evaluates both the
potential and the limitations of partnership models in securing tenancy rights. The
analysis is grounded in a rights-based approach to housing, recognizing adequate
housing not merely as a social good but as a fundamental human right.

The significance of this study lies in its attempt to bridge the gap between abstract
policy commitments under the SDGs and the lived realities of urban tenants. Whereas
much of the discourse on urban sustainability focuses on infrastructure, finance, and
environmental resilience, this paper brings tenancy rights to the forefront of
sustainable development debates. It demonstrates that preventing forced evictions and
ensuring secure tenancy are not peripheral issues but central to the achievement of

equitable, inclusive, and sustainable urban futures.

2. Literature Review

2.1 Tenancy Rights and Housing Justice

Tenancy rights have historically been marginalised in housing policy, which often
privileges homeownership as the ideal model of security and stability (Desmond,
2016). Yet, in many cities, especially in the Global South, a majority of urban
residents live in rental housing, ranging from formal apartments to informal
settlements. Weak tenant protections leave millions vulnerable to eviction, rent
inflation, and exploitation (UN-Habitat, 2020).

Scholars argue that tenancy rights are inseparable from the human right to adequate
housing (Leckie, 1992). The International Covenant on Economic, Social and Cultural

Rights (ICESCR) recognises protection against forced evictions as part of this right
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(CESCR, 1997). Despite this, many governments continue to justify evictions as
necessary for “development,” framing tenants as obstacles to modernisation (Rolnik,
2019).

2.2 Forced Evictions in Urban Growth

Forced evictions are a recurring outcome of urban renewal, infrastructure expansion,
and real estate speculation. In countries such as India, Brazil, Nigeria, and South
Africa, millions have been displaced under the banner of “slum clearance” or “smart
city” projects (Patel, Sliuzas and Mathur, 2015). While governments often claim these
projects promote public interest, critics highlight the disproportionate burden on low-
income tenants who lack legal documentation or political influence (Fernandes, 2011).
Evictions create cascading impacts: loss of livelihoods, disruption of education,
psychological trauma, and erosion of social networks (Desmond and Gershenson,
2017). They also perpetuate cycles of poverty, as displaced tenants often move to

more precarious housing conditions.

2.3 Partnerships and SDG 17

SDG 17 underscores the importance of partnerships—between governments, the
private sector, civil society, and international organisations—in achieving sustainable
development (United Nations, 2015). Partnerships are framed as mechanisms to
mobilise resources, share knowledge, and build capacity. In the context of tenancy
rights, partnerships can involve public—private collaborations for affordable rental
housing, community—state alliances for eviction resistance, or international
cooperation for migrant tenant protections (Mitlin and Bartlett, 2018).

However, the literature also highlights critical limitations of partnerships. Some argue
that partnerships often reinforce power imbalances, giving disproportionate influence
to private actors while marginalising grassroots voices (Cornwall and Brock, 2005).
Others point to “partnership fatigue,” where initiatives fail due to lack of

accountability or sustainable financing (Banks, Hulme and Edwards, 2015).

3. Theoretical Framework

This paper draws on three interrelated frameworks:

1. The Rights-Based Approach — emphasises housing as a human right, framing
forced evictions as violations that require state accountability (Leckie, 1992).

2. Urban Political Economy — highlights how urban growth is shaped by capitalist
interests, leading to the commodification of land and housing (Harvey, 2012).

3. Partnership Governance — explores how multi-stakeholder partnerships can
redistribute power and resources but also risk reproducing inequalities if not carefully

designed (Ansell and Gash, 2008).
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By combining these perspectives, the paper critically assesses whether partnerships

under SDG 17 can move beyond rhetoric to genuinely protect tenancy rights.

4. Critical Analysis

4.1 Tenancy Rights in the Context of Urban Growth

Urban development projects often pit tenants against developers and state authorities.
While urban growth is framed as a collective good, its benefits are unevenly
distributed. Wealthier groups gain access to modern infrastructure and commercial
opportunities, while tenants face insecurity and displacement (Watson, 2014).

In many jurisdictions, tenancy laws are outdated, poorly enforced, or biased towards
landlords. For instance, in India, rent control laws have been diluted under
liberalisation policies, exposing tenants to arbitrary rent hikes and evictions (Banerjee,
2014). Similarly, in African cities, informal tenants often lack formal rental contracts,

leaving them without legal recourse when evicted (Huchzermeyer, 2011)

4.2 Drivers of Forced Evictions

Key drivers of forced evictions include:

Urban Renewal Projects: Slum clearance, infrastructure expansion, and gentrification.
Mega-Events: Sporting and cultural events (e.g., Olympics, World Cup) often justify
mass evictions (Gaffney, 2010).

Land Speculation: Rapid property value increases push tenants out of central locations.

Legal Gaps: Weak tenant protections and absence of rent regulation.

4.3 Partnerships under SDG 17

Partnerships have emerged as a key tool to address these challenges. For example:
Public—Private Partnerships (PPPs): Governments collaborating with developers to
create affordable rental housing.

Community—State  Partnerships:  Grassroots organisations negotiating with
municipalities to secure tenancy rights.

International Partnerships: UN-Habitat and NGOs supporting housing rights
campaigns globally.

Yet, partnerships are not a panacea. Many PPPs prioritise profit over affordability,
resulting in housing that remains inaccessible to low-income tenants (Mitlin and
Bartlett, 2018). Civil society groups often face tokenistic participation, where their

voices are invited but not integrated into decision-making (Cornwall and Brock, 2005).
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5. Case Studies

5.1 Brazil — Participatory Housing Programs

Brazil’s Minha Casa Minha Vida programme sought to expand affordable housing
through state—developer partnerships. While it provided housing units, critics argue it
often relocated tenants to peripheral areas, severing social networks (Rolnik, 2019).
However, participatory budgeting in cities like Porto Alegre demonstrated how

community—state partnerships can shape inclusive housing policies.

5.2 India — Urban Renewal and Rental Housing Policy

India’s Smart Cities Mission has been criticised for displacing tenants in the name of
modernisation (Patel, Sliuzas and Mathur, 2015). However, the Draft Model Tenancy
Act (2021) represents an attempt to balance landlord and tenant rights, though its

effectiveness depends on state-level enforcement.

5.3 South Africa — Anti-Eviction Movement

Grassroots movements such as Abahlali baseMjondolo have partnered with legal
NGOs to resist unlawful evictions, securing judicial recognition of tenant rights under
the South African Constitution (Pithouse, 2009). These partnerships highlight the

power of civil society—legal alliances.

6. Discussion

The analysis reveals a paradox. Partnerships have the potential to advance tenancy
rights but often reproduce existing inequalities. Governments may use partnerships to
legitimise development projects without addressing tenant concerns. Private
developers prioritise profitability, while international organisations may lack
enforcement capacity.

Critical questions emerge:

Do partnerships empower tenants or instrumentalise them?

Can SDG 17 move beyond symbolic collaboration to structural transformation?

How can accountability be built into partnership governance?

The findings suggest that meaningful partnerships must include tenant participation as
a non-negotiable element, alongside legal safeguards and transparent resource

allocation.
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7. Recommendations

1. Strengthen Legal Frameworks: Governments must adopt and enforce tenancy laws
aligned with international human rights standards.

2. Institutionalise Tenant Participation: Tenants should be represented in urban
planning and housing policy forums.

3. Reform PPPs: Public—private projects must include affordability clauses and
independent monitoring.

4. Leverage Technology: Digital platforms for rental agreements and grievance
redressal can enhance transparency.

5. Promote Global Knowledge Sharing: Exchange of best practices across countries

can strengthen policy design.

8. Conclusion

Tenancy rights in the context of rapid urban growth remain a deeply contested and
fragile dimension of housing governance. This paper has critically examined how
forced evictions, often justified as inevitable by-products of modernization and city
expansion, are in fact manifestations of structural inequalities and weak legal
protections. By situating the analysis within the framework of SDG 17, the study
underscores that partnerships are not optional add-ons but essential instruments in
addressing the crisis of tenancy insecurity. The right to adequate housing cannot be
realized through government intervention alone; nor can it be entrusted solely to
market forces or civil society advocacy. It requires collaborative, accountable, and
rights-based partnerships that bring together all stakeholders with an explicit focus on
tenants’ needs and vulnerabilities.

The findings reveal three central insights. First, urban growth without robust tenancy
safeguards almost inevitably results in displacement and marginalization,
disproportionately affecting low-income and informal tenants. Second, while
partnerships under SDG 17 have the potential to provide platforms for inclusive
governance, their effectiveness is often limited by tokenistic participation, entrenched
power asymmetries, and profit-driven urban development agendas. Third, successful
models—such as community-driven housing initiatives in Latin America, rental
housing reforms in parts of Asia, and anti-eviction mobilizations in Africa—
demonstrate that when partnerships integrate accountability, tenant representation,
and transparent decision-making, they can meaningfully prevent forced evictions and
enhance housing justice.

Critically, the paper highlights the gap between policy rhetoric and implementation.

Many governments and development agencies invoke the language of partnership to
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signal compliance with global commitments, yet in practice, partnerships frequently
exclude the very tenants they are supposed to empower. Without mechanisms for
equitable power-sharing and meaningful tenant participation, partnerships risk
becoming symbolic exercises that reproduce rather than challenge existing
inequalities.

The implications are significant. For policymakers, the study suggests that tenancy
rights must be mainstreamed into broader urban planning and housing policies, rather
than treated as peripheral concerns. For practitioners and civil society organizations,
the findings emphasize the importance of sustained advocacy and tenant mobilization
to hold governments and private actors accountable. For researchers, the study opens
pathways for further inquiry into comparative partnership models, particularly in
contexts where informal tenancy dominates urban housing markets.

Ultimately, the critical analysis affirms that tenancy rights are not simply about
securing shelter—they are about safeguarding dignity, equity, and justice in rapidly
transforming cities. SDG 17 provides a normative framework to align diverse
stakeholders, but its transformative potential depends on whether partnerships move
beyond rhetoric to foster genuine collaboration, transparency, and accountability.
Preventing forced evictions and ensuring secure tenancy will therefore remain a
litmus test of how effectively global commitments to sustainability and inclusivity
translate into lived realities for urban tenants.

In conclusion, sustainable urban growth must not be pursued at the expense of
vulnerable tenants. Instead, it should be guided by the principle that cities are
collective spaces where development and human rights coexist. If tenancy rights are
protected through strong, equitable partnerships, cities can become not only engines
of economic growth but also havens of social justice. In this sense, the struggle for
tenancy security is inseparable from the global quest to achieve the Sustainable

Development Goals.
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Abstract

Sustainable Development Goal 17 emphasizes the importance of partnerships among
governments, the private sector, civil society, and international organizations to
mobilize the resources necessary for achieving the 2030 Agenda. While North—South
financial flows once dominated development finance, the past two decades have
witnessed the growing prominence of South—South Cooperation (SSC), characterized
by collaborative exchanges among developing countries in trade, investment,
technical assistance, and policy learning. At the same time, banks and other financial
institutions in the Global South have expanded in scale, reach, and sophistication,
creating new opportunities to harness their resources and networks in support of SSC.
This paper examines how different segments of the banking sector — including
commercial banks, national development banks, regional financial institutions, and
fintech platforms — can strengthen SSC through three key functions: mobilizing and
intermediating finance for development projects; facilitating knowledge and
technology transfer through financial partnerships and innovations; and enhancing
institutional and regulatory frameworks via cross-border cooperation. Drawing on
literature, case studies, and policy analysis, the paper highlights emerging practices,
identifies challenges, and proposes actionable recommendations to amplify the
banking sector’s role in advancing SSC and accelerating progress toward the SDGs.
This paper examines the role of the banking sector in strengthening South—South
cooperation (SSC) to advance Sustainable Development Goal 17 (Partnerships for the
Goals). It argues that banks in the Global South have unique comparative advantages
— contextual knowledge, regional networks, and flexible capital structures — that
position them to catalyse sustainable development through collaborative financing,
risk sharing, technology transfer, and capacity building. Using a mixed-methods
approach combining literature synthesis, illustrative case studies, and policy analysis,
the paper identifies pathways through which commercial, development and regional
banks contribute to SSC, the barriers they face, and policy recommendations to

amplify impact. Key recommendations include creating pooled financing vehicles,
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strengthening regional payment and correspondent banking infrastructures,
incentivizing blended finance for development projects, and building institutional

capacity for cross-border regulatory cooperation.

Keywords: SDG 17, South—South Cooperation, banking sector, development finance,

blended finance, regional cooperation, financial inclusion

1. INTRODUCTION

Sustainable Development Goal 17 underscores the centrality of partnerships
— among governments, the private sector, civil society, and international
organizations — to mobilize the means required to achieve the 2030 Agenda. While
North—South flows historically dominated development finance, the past two decades
have seen a rise in South—South cooperation (SSC): collaborative exchanges among
developing countries for trade, investment, technical assistance, and policy learning.
In parallel, banks and other financial institutions in the Global South have expanded
in scale and sophistication. This convergence presents an opportunity: to harness the
banking sector’s resources and networks to deepen SSC and accelerate progress
toward SDG targets.
This paper explores how banks — commercial banks, national development banks,
regional financial institutions, and fintech platforms — can enable SSC across three
broad functions: (1) mobilizing and intermediating finance for development projects;
(2) enabling knowledge and technology transfer through financial partnerships and
product innovations; and (3) strengthening institutional and regulatory frameworks
through cross-border cooperation.
The rest of the paper is structured as follows. Section 2 situates SSC and SDG 17
within recent developments in international development finance. Section 3 reviews
the literature on banking and development cooperation. Section 4 outlines the research
methodology. Section 5 presents case studies and empirical insights on banking-led
SSC. Section 6 analyzes challenges and barriers. Section 7 offers policy
recommendations and practical measures for banks, regulators, and international

organizations. Section 8 concludes.

2.SDG 17 AND SOUTH-SOUTH COOPERATION

2.1 SDG 17: Partnerships for the Goals

SDG 17 calls for revitalized global partnerships to mobilize resources, promote
technology transfer, foster capacity-building and create multi-stakeholder partnerships.
Its targets cover finance, trade, technology, capacity building, policy coherence, and
data — all areas where banking and financial systems play a direct or enabling role.
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2.2 South—South Cooperation: Definitions and Trends

South—South cooperation is the process where developing countries exchange
resources, expertise, and technologies to pursue shared development goals. It includes
financial flows (loans, investments), technical assistance, trade agreements, joint
infrastructure projects, and institutional collaboration. SSC features greater emphasis
on mutual benefit, respect for sovereignty, and flexible financing terms compared

with traditional development assistance.

e Definition
South—South Cooperation (SSC) refers to the exchange of resources,
technology, knowledge, and expertise among developing countries, often referred to
as the “Global South.” It is based on the principles of solidarity, equality, and mutual
benefit, and differs from traditional North—South aid because it emphasizes
partnership rather than donor—-recipient relationships. The United Nations defines SSC
as “a broad framework of collaboration among countries of the Global South in the

political, economic, social, cultural, environmental, and technical domains.”

e Key Characteristics

1. Mutual Benefit: Unlike traditional aid, SSC is designed to benefit all parties
equally, with each side contributing and learning.

2. Respect for Sovereignty: Countries retain decision-making autonomy while
engaging in partnerships.

3. Contextual Relevance: Solutions are adapted to the specific socio-economic
realities of developing nations.

4. Solidarity-driven: Based on shared histories, challenges, and aspirations.

e Historical Evolution

The historical evolution of South—South Cooperation (SSC) reflects its gradual
transformation into a key pillar of global development. The 1955 Bandung
Conference laid the foundation by promoting Afro—Asian solidarity and highlighting
the importance of cooperation among newly independent states. This was followed by
the 1978 Buenos Aires Plan of Action (BAPA), which provided the first United
Nations framework for SSC in technical cooperation, formalizing principles of mutual
benefit and collective self-reliance. Later, the 2009 Nairobi Outcome Document
reaffirmed SSC as a vital tool for implementing development goals, stressing its role
in complementing North—South cooperation. In the post-2015 SDG era, SSC gained
even greater momentum, particularly in mobilizing finance, technology, and
knowledge to achieve the 2030 Agenda, underscoring its central role in fostering
sustainable partnerships for global development.
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e Emerging Trends in SSC

1. Emerging trends in South—South Cooperation (SSC) highlight its growing
influence as a complementary driver of global development and as a practical
mechanism for advancing SDG 17. A key feature of this evolution is the rise
of Southern-led development banks, such as the New Development Bank
(NDB) established by the BRICS nations and the Asian Infrastructure
Investment Bank (AIIB), both of which embody the principles of SSC by
mobilizing capital for large-scale infrastructure and sustainable development
projects across the Global South. Parallel to this, trade expansion among
developing countries has gained momentum, with intra-South trade now
accounting for more than 25% of global trade, underscoring deepening
economic interdependence and market integration. SSC is also increasingly
characterized by technology and knowledge sharing, as Southern countries
exchange digital solutions, fintech innovations, renewable energy practices,
and agricultural expertise tailored to their unique developmental contexts.
Furthermore, regional integration initiatives such as the African Continental
Free Trade Area (AfCFTA) and ASEAN economic partnerships exemplify
SSC in action, fostering economic cooperation, harmonized standards, and
cross-border investments. Another trend is the growing use of blended
finance and co-investments, where developing countries pool resources to
fund projects in infrastructure, climate action, and the social sector, thereby
leveraging collective strengths and reducing risks. Finally, there has been a
notable shift in the development discourse, with SSC increasingly framed as
a complement rather than a substitute for traditional North—South cooperation,
giving rise to triangular cooperation models that combine Southern solidarity
with Northern resources and expertise. Collectively, these trends signal that
SSC is not only reshaping global development finance and trade but also
positioning the Global South as an active agent in shaping the 2030 Agenda.

e Significance for SDG 17

South—South Cooperation (SSC) plays a direct and strategic role in advancing
Sustainable Development Goal 17, which underscores the importance of partnerships
for achieving the 2030 Agenda. One of the key contributions of SSC is its ability to
enhance financial flows within the Global South, as developing countries
increasingly channel resources into each other’s economies through trade, investment,
concessional finance, and regional banking mechanisms. These flows provide an
alternative to traditional North—South aid, offering more context-specific and

mutually beneficial forms of support. SSC also promotes regional and cross-border
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projects in critical sectors such as infrastructure, healthcare, and climate action,
enabling countries to pool resources, share risks, and achieve economies of scale that
individual nations could not realize alone. Beyond financial capital, SSC is a vital
channel for technology transfer at affordable costs, with Southern partners often
sharing innovations and technical expertise that are better adapted to similar
development contexts. Finally, SSC helps build institutional and human capacity
by fostering training, policy exchange, and joint institutional frameworks that
strengthen governance and enhance the long-term sustainability of development
initiatives. Together, these dimensions of SSC create a partnership-driven ecosystem
that not only supports SDG 17 but also accelerates progress across the broader

Sustainable Development Goals.

2.3 Why Banks Matter for SSC

Banks are central to modern economies because they channel savings into productive
investments, underwrite risk, provide essential transactional infrastructure, and design
complex financial products that sustain economic growth. Within the framework of
South—South Cooperation (SSC), the role of banks becomes even more critical, as
they act not only as financial intermediaries but also as development enablers. First,
banks can mobilize domestic and regional savings and redirect them into joint
infrastructure, energy, and social sector projects that benefit multiple developing
countries. Second, by establishing and strengthening correspondent banking
relationships and payments networks, banks reduce transaction costs and facilitate
smoother cross-border trade among Southern partners, helping overcome traditional
barriers in foreign exchange and remittances. Third, banks are well-positioned to
structure blended finance mechanisms, combining concessional funds with private
investment to de-risk projects in areas such as renewable energy or climate adaptation,
thereby attracting larger pools of capital. Finally, banks can play a pivotal role in
knowledge and technology transfer, partnering with peer institutions to exchange
innovations such as microfinance models, digital credit scoring, or mobile banking
platforms. In doing so, they foster not only financial inclusion but also the diffusion of

development-oriented technologies across the Global South.

3. LITERATURE REVIEW

Existing literature on SSC often emphasizes state-led initiatives, South-based
development banks, and trilateral cooperation with multilateral agencies. Research on
the banking sector’s role is less abundant but growing. Key themes include:
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o Development banks as catalysts: National and regional development banks
(NDBs, RDBs) have been shown to catalyze infrastructure and green
investments through patient capital and credit enhancement.

e Blended finance and risk mitigation: Blended finance structures — where
concessional public funds absorb first-loss risk — can mobilize private capital
toward projects that serve development objectives.

o Digital finance and fintech partnerships: Fintech solutions (mobile money,
payment platforms, digital KYC) have expanded cross-border remittances and
lowered transaction costs, facilitating SSC trade and financial inclusion.

e Regulatory and correspondent banking challenges: AML/CFT compliance,
de-risking by international banks, and fragmented regulatory frameworks can
impede cross-border banking among Southern economies.

This paper builds on these themes by synthesizing practical banking strategies for

SSC and identifying systemic interventions to scale impact.

4. RESEARCH METHODOLOGY

This paper follows a mixed-methods approach combining:

1. Literature synthesis: Review of academic articles, policy papers,
development bank reports, and working papers on SSC, development finance,
and banking innovation.

2. Qualitative case studies: Examination of illustrative examples where banks
contributed to SSC outcomes, drawing on public reports and documented
initiatives.

3. Policy analysis: Evaluation of barriers and formulation of actionable
recommendations for banks, regulators, and multilateral bodies.

Limitations: The study is primarily qualitative and illustrative rather than econometric.
Data constraints on cross-border banking flows specifically designated for SSC
activities restricted quantitative analysis. Future work could complement this paper
with primary interviews and transaction-level datasets from participating institutions.

5. CASE STUDIES AND EMPIRICAL INSIGHTS

The following case studies illustrate practical roles that banks have played in SSC.

5.1 Regional Development Banks and Pooled Financing
Regional development banks — such as those created by groupings of Southern
countries — provide patient capital and technical assistance for infrastructure and

regional public goods. Through pooled financing facilities and co-financing
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arrangements with national development banks, RDBs can allocate capital to projects
that promote regional integration (transport corridors, power grids, cross-border trade
facilitation).

Insights: Pooled financing reduces project-level risk and creates scalability; co-

financing with national banks ensures local ownership and implementation capacity.

5.2 Correspondent Banking and Payment Infrastructure

Cross-border trade among Southern partners often suffers from high transaction costs,
limited FX corridors, and de-risking by global banks. South—South solutions include
strengthening regional clearing systems, expanding local-currency settlement
mechanisms, and building relationships between regional banks to sustain
correspondent banking corridors.

Insights: Investments in payments infrastructure — including regional payment
networks and local currency corridors — lower transaction costs and increase trade

volume, directly contributing to SDG targets on economic growth and partnerships.

5.3 Blended Finance for Shared Development Projects

Banks can structure blended finance vehicles where concessional funds absorb early-
stage or first-loss risk to crowd in commercial capital for projects such as renewable
energy, water, and transport networks. By standardizing project appraisal and using
guarantees, banks can reduce perceived risks for private investors across Southern
countries.

Insights: Successful blended finance requires clear additionality, transparent

governance, and measurable development outcomes.

5.4 Knowledge and Technology Transfer through Bank Partnerships

Banks can form strategic alliances to share product innovations — for example,
digital credit scoring models, agent banking networks, or climate risk assessment
tools. Knowledge transfer can be formalized via technical assistance, staff exchanges,
or joint ventures between incumbent banks and fintech firms from other Southern
countries.

Insights: Technology transfer is most effective when accompanied by capacity

building and regulatory harmonization to allow scalable deployment.

5.5 Case Example: Development Bank Collaboration on Renewable Energy

(An illustrative example) A consortium of national development banks from multiple
Southern countries co-invests in a cross-border renewable energy corridor. By pooling
concessional capital and leveraging guarantees from a regional development facility,

the consortium reduces currency and construction risks, attracting private investors.
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Insights: The consortium model showcases how banks can act as conveners,

combining financial instruments with technical assistance to realize SSC objectives.

6. CHALLENGES AND BARRIERS

Despite potential, several barriers limit banking sector contributions to SSC:

1.

Regulatory fragmentation: Diverse regulatory frameworks complicate cross-
border banking operations, KYC/AML compliance, and capital adequacy
requirements.

Currency and liquidity risks: Limited FX corridors and illiquid local-
currency markets increase costs for cross-border projects.

De-risking and correspondent banking retreat: Global banks’ de-risking
has strained correspondent relationships that previously supported Southern
banks’ cross-border transactions.

Capacity constraints: Smaller banks may lack project appraisal, risk
management, or ESG expertise to participate in complex development finance
deals.

Weak data and measurement frameworks: Difficulty in measuring SSC-
specific finance flows and attributing development outcomes reduces

transparency and accountability.

Addressing these barriers requires coordinated action by banks, regulators, regional

institutions, and development partners.

7. POLICY RECOMMENDATIONS AND PRACTICAL MEASURES
To deepen the banking sector’s role in SSC and SDG 17, stakeholders should consider

the following measures.

7.1 For Banks (Commercial and Development Banks)

Create pooled South—South financing facilities. National development
banks and commercial banks can jointly seed funds to finance cross-border
infrastructure, trade finance, and green projects.

Develop regional correspondent partnerships and local-currency
corridors. Establish bilateral and multilateral settlement arrangements to
reduce FX dependency and transaction costs.

Adopt blended finance structures. Use concessional tranches and guarantees
to crowd in private capital, with clear performance indicators tied to SDG
outcomes.

Share technology and product innovations. Formalize partnership
agreements for transfer of digital banking tools, credit-scoring algorithms, and
agent networks.
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e Invest in capacity-building and ESG expertise. Strengthen internal
capabilities for project appraisal, climate risk assessment, and social
safeguards.

7.2 For Regulators and Central Banks

o Harmonize regulatory standards for cross-border operations. Develop
common guidance on KYC/AML that recognizes risk-based approaches and
reduces unnecessary de-risking.

o Facilitate local-currency settlement mechanisms. Support central bank
swap lines, regional clearing houses, and bilateral currency arrangements.

e Support regional credit enhancement vehicles. Provide or endorse
guarantee schemes that enable smaller banks to participate in larger cross-
border projects.

7.3 For Regional Institutions and Multilateral Partners

e Provide technical assistance for project standardization. Help develop
common due diligence templates and ESG screening tools for cross-border
projects.

e Act as convenors and information hubs. Maintain databases of bankable
projects, financing needs, and successful SSC models to facilitate
matchmaking.

e Coordinate with philanthropic and climate funds. Use catalytic capital to
derisk projects and demonstrate viability.

7.4 For Private Sector and Fintechs

e Forge cross-border fintech alliances. Build interoperable payment and
micro-lending platforms that can scale across Southern markets.

e Offer modular solutions that local banks can adopt. APIs and cloud-based
services lower barriers to adoption and accelerate knowledge transfer.

8. IMPLEMENTATION ROADMAP

A phased approach can help operationalize these recommendations:

e Phase I — Convening and Diagnostics: Establish regional stakeholder
forums to identify priority sectors, assess legal and regulatory gaps, and map
bank capabilities.

o Phase II — Pilot Initiatives: Launch pilot pooled-finance facilities, local-
currency corridors, or blended-finance projects in sectors like renewable
energy, trade logistics, and digital inclusion.

e Phase IIl — Scaling and Institutionalization: Evaluate pilots, develop
standardized templates, and institutionalize successful models through

regional banks or formal alliances.
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e Phase IV — Monitoring & Learning: Create an SSC banking dashboard to
track flows, project outcomes, and lessons learned; use results to refine policy.

9. CONCLUSION

SSC offers an important complementary pathway to traditional development
cooperation, and the banking sector in the Global South can be a powerful enabler of
SDG 17 if structural barriers are addressed and practical partnerships are formed. By
mobilizing capital, reducing transactional frictions, transferring technology, and
building institutional capacity, banks can translate the ethos of partnership into
tangible development outcomes. The recommendations in this paper provide a
pragmatic roadmap for banks, regulators, and regional institutions to deepen SSC and

accelerate progress toward the SDGs.

10. RECOMMENDATIONS

1. For Banks (Commercial, Development, and Regional)

e Create South—South Pooled Financing Facilities: Establish joint funds for
cross-border infrastructure, renewable energy, and digital connectivity projects.

o Expand Local-Currency Trade Settlement Systems: Reduce reliance on the
US dollar by developing regional clearing houses and bilateral currency swap
arrangements.

e Adopt Blended Finance Mechanisms: Combine concessional and
commercial capital to derisk investments in high-impact sectors.

o Strengthen Knowledge and Technology Exchange: Share expertise in
digital banking, credit scoring, mobile payments, and climate finance tools
across Southern banks.

e Enhance ESG and Risk Management Capacity: Build internal expertise to
evaluate projects on social, environmental, and governance grounds.

2. For Regulators and Central Banks

e Harmonize Regulatory Frameworks: Develop regional guidelines for
AML/KYC, capital adequacy, and prudential standards to ease cross-border
banking.

o Facilitate Regional Payment Networks: Support interoperability of digital
payments and mobile banking platforms across borders.

e Introduce Regional Guarantee Mechanisms: Provide credit enhancement
tools to encourage bank participation in high-risk but high-impact SSC

projects.
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3. For Regional and Multilateral Institutions

Act as Convenors and Knowledge Hubs: Facilitate dialogue, project
matchmaking, and dissemination of best practices in SSC banking.

Support Capacity Building: Provide training and technical assistance to
smaller banks to participate in cross-border projects.

Coordinate with Climate and Philanthropic Funds: Use catalytic capital to

unlock private investments in climate resilience, infrastructure, and health.

4. For Private Sector and Fintechs

Promote Cross-Border Fintech Partnerships: Build interoperable platforms
for remittances, digital lending, and mobile banking across Southern
economies.

Offer Scalable Digital Solutions: Provide APIs and modular technologies

that local banks can adopt easily, reducing barriers to innovation.

5. For Policymakers

Incorporate SSC Banking into National SDG Strategies: Align domestic
financial policies with regional SSC initiatives.

Ensure Transparency and Accountability: Mandate disclosure of SSC
banking flows and outcomes to build trust and credibility.

Encourage Triangular Cooperation: Foster partnerships among Southern
banks, Northern institutions, and multilateral organizations for greater

resource mobilization
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Abstract

Artificial Intelligence (AI) has emerged as a transformative force in the pursuit of
global cooperation and sustainable development. In alignment with the United
Nations Sustainable Development Goal (SDG) 17— Partnerships for the Goals”—AI
offers innovative pathways to enhance collaboration between nations, industries, and
institutions. By enabling data-driven decision-making, Al strengthens the ability of
governments, non-governmental organizations, and international agencies to share
resources, knowledge, and best practices in real time. This fosters transparency,
accountability, and inclusivity in global development efforts.One of the key
contributions of Al lies in its ability to process massive datasets to identify global
trends, predict risks, and recommend solutions. For example, Al-driven platforms can
monitor climate change indicators, optimize supply chains for food security, and
support early warning systems for natural disasters. These capabilities promote
collective resilience and reduce disparities between developed and developing
countries. Additionally, Al enhances cross-border research and innovation by
providing multilingual translation tools, intelligent communication systems, and
collaborative platforms that bridge geographical and cultural divides. In the economic
sphere, Al promotes equitable growth by facilitating financial inclusion, improving
access to digital banking, and creating opportunities for small and medium enterprises
in developing regions. It also helps to optimize global trade and investment
partnerships by identifying untapped markets and reducing transaction inefficiencies.
Furthermore, Al supports knowledge transfer in healthcare, education, and
governance by enabling telemedicine, personalized learning, and evidence-based
policy formulation across borders.However, the role of Al in strengthening global
partnerships is not without challenges. Issues such as digital divides, ethical concerns,
data privacy, and the concentration of Al technologies in advanced economies must
be addressed to ensure fairness and inclusivity. International cooperation in
establishing ethical Al frameworks, technology sharing, and capacity building is
essential to prevent inequalities and to maximize AI’s positive contributions to
sustainable development. In conclusion, Al is not merely a technological tool but a
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catalyst for global solidarity. By fostering inclusive partnerships, enhancing resource
efficiency, and enabling evidence-based collaboration, AI has the potential to
accelerate progress toward sustainable development goals and create a more
interconnected, equitable, and resilient world.

Keywords: Artificial Intelligence, SDG 17, Global Partnership, Sustainable
Development, Data-driven Collaboration, Digital Inclusion, Ethical Al

Introduction

Artificial Intelligence (AI) has become one of the most powerful technologies shaping
the 21st century, influencing every sector from healthcare and education to finance
and governance. In the context of the United Nations Sustainable Development Goals
(SDGs), particularly SDG 17 (Partnerships for the Goals), Al is emerging as a critical
enabler of international cooperation. The interconnected nature of global challenges—
such as climate change, pandemics, poverty, and digital inequality—requires
collective action across borders. Al facilitates this collaboration by providing tools for
real-time data analysis, multilingual communication, predictive modeling, and
resource optimization. It empowers governments, international organizations, and

industries to work together in ways that were previously unimaginable.

However, while Al holds immense potential for strengthening global partnerships, it
also raises challenges such as ethical risks, data privacy issues, and the widening
digital divide between developed and developing nations. Therefore, the focus must
not only be on harnessing Al for innovation but also on ensuring inclusivity, fairness,
and accountability. Against this backdrop, the role of Al in sustainable development is
not limited to technological advancement but extends to building trust, cooperation,

and solidarity among nations.

1. AI as a Catalyst for International Collaboration in Achieving SDGs

Artificial Intelligence (Al) is playing a pivotal role in accelerating the achievement of
the United Nations’ Sustainable Development Goals (SDGs), particularly SDG 17,
which emphasizes global partnerships. Through Al-driven technologies, nations and
institutions are able to collaborate more effectively by sharing data, knowledge, and
strategies. For example, international agencies like the UN, World Bank, and WHO
rely on Al-based systems for analyzing global datasets to track progress on poverty,

health, education, and environmental sustainability.

Al enhances global collaboration by offering predictive models and decision-support

systems that guide policymakers in making evidence-based decisions. For instance,
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Al-powered platforms are being used to forecast climate risks and disease outbreaks,
thereby enabling joint response strategies across borders. Additionally, Al language
translation tools such as Google Translate and ChatGPT-powered multilingual
systems break down linguistic barriers, allowing researchers, policymakers, and
communities from different parts of the world to communicate
seamlessly.Collaborative Al platforms also support global research networks. For
example, during the COVID-19 pandemic, Al tools helped scientists across nations
share genomic data, accelerating vaccine development. This shows how Al acts as a

unifying force, allowing faster problem-solving through international cooperation.

In essence, Al is more than just a technological advancement—it is a medium for
building global solidarity. By fostering data sharing, cross-border collaboration, and
real-time monitoring of SDG progress, Al empowers nations to move collectively
toward sustainable development. This collective strength can bridge gaps between
developed and developing nations, ensuring that no country is left behind in the global

mission for sustainability.

2. Al-Driven Solutions for Global Challenges: Climate, Health, and Education

Al provides innovative solutions to some of the most pressing global challenges—
climate change, public health crises, and educational inequality—making it a key
enabler of sustainable development partnerships. In the climate sector, Al tools are
used to monitor deforestation, track greenhouse gas emissions, and predict extreme
weather events. For example, IBM’s Green Horizons project applies Al to forecast
pollution levels, helping governments take preventive measures. International climate
collaborations benefit greatly from Al insights, enabling joint mitigation and
adaptation strategies.

In healthcare, Al strengthens global partnerships by improving disease surveillance,
diagnosis, and treatment. During the COVID-19 pandemic, Al-powered algorithms
helped analyze infection patterns, optimize vaccine distribution, and enhance
telemedicine systems. These advancements encouraged countries to share medical
data and resources, thereby strengthening collective resilience. In regions with limited
healthcare access, Al-enabled mobile applications are bridging the gap by offering
affordable diagnostic tools, thus reducing inequality. In education, Al-driven
platforms like Coursera, Duolingo, and Al-based adaptive learning systems make
knowledge accessible to students worldwide. Such platforms encourage global
learning communities, where educators and learners collaborate beyond geographical
boundaries. Moreover, Al-powered translation tools ensure inclusivity by making
learning materials available in multiple languages.
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The combined role of Al in climate, health, and education demonstrates its potential
to solve complex global issues that no single country can address alone. Through
partnerships that leverage Al, resources can be shared more efficiently, solutions can
be scaled globally, and collective benefits can be achieved. This reinforces Al as a

crucial tool in creating a sustainable, equitable, and interconnected world.

3. Al and Digital Inclusion: Bridging the Global North—South Divide

One of the major challenges in achieving sustainable development is the digital divide
between developed (Global North) and developing (Global South) nations. Al has the
potential to bridge this gap by fostering digital inclusion and providing access to
technology-driven opportunities for all. Many developing nations face barriers such as
limited infrastructure, lack of digital literacy, and unequal access to information. Al
can help overcome these barriers by offering scalable and affordable solutions.For
instance, Al-powered financial technologies (FinTech) are expanding digital banking
and mobile payment systems in Africa and South Asia. Applications like M-Pesa in
Kenya use Al-driven risk assessment to offer microloans to people without traditional
banking access. Similarly, Al in agriculture supports small farmers in developing
regions by predicting crop yields, detecting pest infestations, and suggesting
sustainable farming practices, thereby reducing dependence on costly foreign
technology. In education, Al-driven e-learning platforms enable students in rural and
marginalized communities to access world-class resources. Combined with low-cost
internet initiatives, Al ensures that digital learning is not confined to urban centers.
Moreover, translation tools and speech recognition software enable local languages to
flourish in the digital space, preventing cultural exclusion. However, digital inclusion
requires not only technological access but also international cooperation. Developed
nations and global corporations must support Al knowledge transfer, capacity
building, and infrastructure development in developing countries. This will ensure
that Al does not remain concentrated in wealthy economies but becomes a shared tool
for collective growth. Thus, AI’s role in digital inclusion is not just technological—it
is also social and economic. By bridging the North—South divide, Al fosters equitable
global partnerships, where every nation has the opportunity to contribute to and
benefit from sustainable development.

4. Ethical and Governance Frameworks for Al in Global Partnerships

As Al becomes central to global partnerships, concerns about ethics, fairness, and
governance become increasingly important. Without proper regulation, Al can

reinforce inequalities, misuse personal data, and lead to harmful outcomes. Hence,
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establishing international governance frameworks is essential for ensuring that Al

serves as a tool for sustainable development rather than exploitation.

Ethical concerns include bias in Al algorithms, lack of transparency in decision-
making, and risks of surveillance. For example, facial recognition technologies have
raised concerns about human rights violations when used without regulation. In global
partnerships, such risks can erode trust among nations if not addressed collectively.
Therefore, organizations like UNESCO and the OECD are already working on
guidelines for ethical Al use, promoting transparency, accountability, and human-
centered design. International cooperation is also crucial to address issues of data
privacy and security. Since Al relies on vast datasets, cross-border data sharing must
be governed by strict rules to prevent misuse. The European Union’s GDPR and
India’s Digital Personal Data Protection Act set examples of strong legal frameworks

that can inspire global agreements.

Moreover, Al governance must emphasize inclusivity. Developing countries need
representation in global Al regulatory bodies to ensure that rules do not only reflect
the interests of developed nations. Partnerships for capacity building, technology
transfer, and training are vital to create a level playing field. Ethical Al governance is
not just a regulatory necessity but a foundation for trust in global partnerships. When
nations collaborate to create fair, transparent, and accountable Al systems, they
strengthen international cooperation, build mutual confidence, and accelerate

sustainable development goals.

5. Al in Strengthening Global Trade, Finance, and Knowledge Exchange

Al is revolutionizing global trade, finance, and knowledge exchange by enabling
more efficient, secure, and inclusive systems. In international trade, Al-powered
analytics are used to identify new markets, optimize supply chains, and reduce
transaction costs. For instance, Al-based customs management systems help
streamline border trade by detecting fraud and ensuring compliance with international
trade laws. This enhances trust among trading partners and promotes smoother global
commerce. In finance, Al strengthens cross-border partnerships by advancing
financial inclusion and risk management. Global banking systems employ Al
algorithms to detect fraudulent transactions, predict market trends, and support digital
payments. Al-based platforms like PayPal and Stripe facilitate international
transactions for small and medium enterprises (SMEs), enabling them to participate in
global markets. This not only promotes economic growth but also ensures that smaller
businesses from developing countries have a fair chance to compete globally.
Knowledge exchange is another area where Al fosters global collaboration. Al-
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powered platforms such as research databases, language translation tools, and
collaborative software enable scientists, educators, and policymakers from different
countries to work together seamlessly. For example, Al-driven scientific databases
allow researchers to access and analyze millions of global research papers in seconds,
reducing duplication and speeding up innovation. Moreover, Al chatbots and virtual
assistants are being employed by international organizations to share best practices
with governments and NGOs, ensuring that knowledge flows quickly and efficiently
across borders. Thus, Al not only strengthens global economic integration but also
builds intellectual partnerships. By enhancing trade efficiency, democratizing finance,
and accelerating knowledge transfer, Al is laying the groundwork for a more

interconnected, resilient, and sustainable global economy.

Conclusion

Al is more than a tool of innovation; it is a catalyst for global solidarity and
sustainable progress. By enabling evidence-based policymaking, improving
international research collaboration, fostering financial inclusion, and supporting
solutions to transnational issues such as climate change and health crises, Al
strengthens partnerships at every level. Nevertheless, its benefits can only be fully
realized if global cooperation addresses challenges such as algorithmic bias, data
security, and unequal access to technology. Thus, the role of Al in strengthening
global partnerships lies not just in technological breakthroughs but in its ability to
bridge divides, foster inclusivity, and promote shared responsibility. If harnessed
responsibly, Al can accelerate the achievement of the SDGs, creating a more resilient,
equitable, and interconnected world.

Suggestions

1. Promote Inclusive Al Development — International bodies should ensure that
Al benefits reach both developed and developing nations through technology
transfer and knowledge sharing.

2. Strengthen Ethical Governance — Establish global regulatory frameworks for
Al that emphasize transparency, fairness, and accountability.

3. Encourage Capacity Building — Provide training and digital literacy programs
in developing nations to bridge the skills gap in AL

4. Foster Cross-Border Data Sharing — Create secure and transparent
mechanisms for sharing data globally to support collaborative research and
policymaking.

5. Support Al for Social Good Projects — Governments and NGOs should invest
in Al applications focused on climate change, healthcare, poverty reduction,
and education.
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Abstract

Nowadays as the human race is surrounded by technical gadgets with harmful
radiation around us and as the ozone layer is depleting day by day due to technical
affects government is promoting green computing in order to reduce carbon footprint
and lend a helping hand for betterment of the situation. In today’s era of technology
Machine Learning is in high demand, through which we can make and deliver models
for eco-friendly training. When we consider Green Computing there is high need of
creating energy-efficient machine learning models. These models decrease energy use
and carbon impression related with this process. In this research paper expanding new
techniques for refining energy proficiency of machine learning models in Python
Language. Here we are targeting on methods such as model compression, small
structural designs, effective training algorithms, also hardware related minimization.
In python using advanced techniques and modules we can optimize the resources
which needed in preparation and implication rounds of machine learning models. This
research paper also explains about model correctness and energy proficiency.
Focusing structure for equalling both the parameters while adjusting model
presentation. We also concentrate on possible combining energy saving model in day-
to-day life activity. Also, with importance of machine learning algorithms. It will add
increasing research evolving implementing Al methods despite the fact increasing

area of green computing.

Keywords- Machine Learning, Green Computing, Energy Saving, , Training
Algorithm, AI Methods

1. Introduction

The digital era is defined by an unprecedented reliance on data and computation.
Machine learning, in particular, has emerged as a transformative force, enabling
breakthroughs in diverse fields from healthcare to finance. However, this
technological advancement comes at a considerable environmental cost. The energy
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consumed by large-scale data centers and the training of complex deep learning
models contributes to a growing carbon footprint, counteracting global efforts to
combat climate change. The need for a paradigm shift toward "green computing" is
more urgent than ever. This involves designing, manufacturing, using, and disposing
of computer systems and related components in an environmentally responsible

mannecr.

In a rapidly developing metropolitan area like Pune, Maharashtra, the convergence of
increasing industrialization, technological hubs, and a dense population presents a
unique challenge for sustainable growth. As a major center for information
technology and education, Pune is a critical testbed for implementing eco-friendly
technological solutions. The objective of this research is to develop and validate a
proficient machine learning prototype that specifically addresses the energy
consumption of ML workflows within the context of the Pune region. This paper
details a practical approach to building a resource-efficient ML model using Python, a
language widely favored for its flexibility and extensive library support. We aim to
demonstrate that it is feasible to develop high-performing models that are also
environmentally conscious, thereby laying the groundwork for a new generation of

sustainable Al applications.
2. Literature Review

The academic discourse on the environmental impact of machine learning has gained
significant momentum over the past decade. Research by Strubell et al. (2019)
highlighted the staggering carbon emissions associated with training large language
models, drawing a parallel to the lifecycle emissions of several automobiles. This
study brought to light the urgent need for more energy-efficient practices in the Al

community.

Approaches to green computing in machine learning can be broadly categorized

into three areas:

1. Hardware Optimization: This involves the use of more energy-efficient
hardware, such as specialized GPUs, TPUs, and FPGAs, which are designed
to accelerate ML computations with lower power consumption.

2. Algorithm and Model Optimization: This area focuses on improving the
efficiency of the software itself. Techniques like model compression (pruning,
quantization), neural architecture search (NAS) for smaller models, and using
less complex algorithms are central to this approach.
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3. Data Center Management: This involves optimizing the cooling, power
distribution, and server utilization within data centers to reduce their overall
energy footprint.

Our research builds upon the second category, focusing on the software and
algorithmic aspects. Specifically, we draw inspiration from works on model
quantization, which reduces the precision of weights and activations from floating-
point numbers to integers (e.g., 8-bit), thereby shrinking the model size and
accelerating computation. We also consider model pruning, a technique that removes
redundant connections or neurons from a neural network, leading to a smaller, more
efficient model without significant performance loss. While these techniques are well-
documented in the global context, our research uniquely applies and validates them
for a specific regional application, considering local data and infrastructure

constraints.
3. Methodology

The proposed prototype for green computing in the Pune region follows a structured,
multi-stage methodology. The primary goal is to predict energy consumption patterns
based on local factors, using a model that is both highly accurate and computationally

lightweight.
3.1 Data Acquisition and Preprocessing

Our study utilizes a hypothetical dataset comprising several key variables from the

Pune region over a period of two years. This dataset includes:

e Time-series data: Hourly energy consumption readings from smart meters in
various residential and commercial zones.

o Environmental data: Real-time temperature, humidity, and solar radiation data.

e Socio-economic data: Population density and commercial activity metrics for
different sub-regions.

The raw data is subjected to a rigorous preprocessing pipeline, including:

e Cleaning: Handling missing values and removing outliers.

e Normalization: Scaling numerical features to a common range to prevent bias
toward features with larger magnitudes.

o Feature Engineering: Creating new features from existing ones, such as day of
the week, month, and season, which are known to influence energy usage.

3.2 Model Selection and Training
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Given the need for both accuracy and efficiency, we selected a simple yet robust
neural network architecture. The architecture consists of a few dense layers, which is
sufficient for learning the complex non-linear relationships in the energy consumption

data while remaining small enough for optimization.

The training process is performed using a standard backpropagation algorithm with an
Adam optimizer. A critical aspect of our methodology is the iterative training and
evaluation loop that monitors both the model’s performance (e.g., Mean Squared
Error) and its computational cost (e.g., energy consumption per training epoch,

measured hypothetically).

3.3 Energy Optimization Techniques

To achieve our green computing goals, we implemented the following key techniques:
3.3.1 Model Quantization

After the initial training, the 32-bit floating-point weights and activations of the model
are converted to 8-bit integers. This process, known as Post-Training Quantization
(PTQ), significantly reduces the model's memory footprint and accelerates inference

on CPUs and specialized hardware, leading to substantial energy savings.
3.3.2 Model Pruning

Structural pruning is applied to the model to remove redundant neurons and
connections. This is done by identifying and removing weights with values close to
zero. The model is then fine-tuned to recover any minor loss in accuracy. This
technique results in a smaller model that requires fewer computations, further

reducing energy consumption.
3.4 Evaluation Metrics
The prototype's performance is evaluated based on two primary categories of metrics:

1. Model Performance Metrics: Mean Squared Error (MSE) and Root Mean
Squared Error (RMSE) are used to quantify the accuracy of the energy
consumption predictions.

2. Energy Efficiency Metrics: We measure the following:

o Model Size: Reduced file size post-quantization and pruning.
o Inference Latency: Time taken for a single prediction.
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o Energy Consumption: A conceptual metric calculated based on the
number of floating-point operations (FLOPs) and the known energy
consumption of a typical CPU/GPU, allowing for a comparative
analysis of the original vs. optimized model.

Green Computing Prototype Workflow

This diagram illustrates the key phases of the machine learning prototype for green
computing, as outlined in the research paper. The process is designed to

systematically optimize a model for energy efficiency without sacrificing performanc

| DATA ACQUISITION |
| (Pune Data) |

| DATA PREPROCESSING|
| = Cleaning |
| = Normelization |
| - Feoture Eng. I

| BASELINE MODEL [
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| - Model Quantization|
| = Structural Pruning]

| EVALUATION & |
| COMPARISON |
| - MSE, RMSE |
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Data Acquisition: Gathering a local dataset from the Pune region, including energy

consumption, environmental, and socio-economic data.
Data Preprocessing: Cleaning and preparing the raw data to be used by the model.

Baseline Model Training: Training a standard neural network to establish a

performance benchmark.

Energy Optimization: Applying advanced techniques like model quantization and

pruning to reduce the model's computational footprint.

Evaluation & Comparison: Measuring and comparing the performance and energy

efficiency of both the baseline and optimized models.

Deployment of Optimized Prototype: The final, energy-efficient model is deployed

for real-world applications in the Pune region.
4. Implementation and Algorithm

The entire prototype is built in Python, leveraging powerful libraries for data

manipulation, machine learning, and optimization.
4.1 Python Code Snippet

The following code illustrates a simplified pipeline, demonstrating the training of a

small neural network and the subsequent application of a quantization technique.

import numpy as np

import tensorflow as tf

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense

from sklearn.model selection import train_test split
from sklearn.metrics import mean squared error

# Hypothetical data for Pune region (randomly generated for demonstration)
# X: features (e.g., temperature, humidity, time of day)

#y: target (e.g., energy consumption)

X =np.random.rand(1000, 3) * 10

y=(X[:, 0] *2+X][:, 1]1*0.5 - X[:, 2] * 1.5 + np.random.randn(1000)) * 10

# Split data into training and testing sets

X train, X _test, y train, y test = train_test split(X, y, test size=0.2,
random_state=42)

265

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

# 1. Build and train a simple baseline model
print("Training the baseline model...")
model = Sequential([
Dense(32, activation="relu', input_shape=(3,)),
Dense(16, activation="relu'),
Dense(1)
D
model.compile(optimizer="adam', loss='mean_squared_error")
history = model.fit(X train, y train, epochs=10, batch size=32, verbose=0)
print("Baseline model trained.")

# Evaluate baseline model
baseline loss = model.evaluate(X test, y_test, verbose=0)
print(f"Baseline model MSE: {baseline loss:.4f}")

# 2. Apply Post-Training Quantization (PTQ) to the trained model
print("\nApplying Post-Training Quantization...")

converter = tf.lite. TFLiteConverter.from_keras_model(model)
converter.optimizations = [tf.lite.Optimize. DEFAULT]

tflite_ quant model = converter.convert()

# Save the quantized model
with open('quantized model.tflite', 'wb') as f:
f.write(tflite_quant model)

# 3. Compare model sizes

baseline size = model.predict(X test).nbytes / 1024 # Conceptual size in KB
quant_size = len(tflite_quant_model) / 1024

print(f'Baseline model size (conceptual): {baseline size:.2f} KB")
print(f"Quantized model size: {quant_size:.2f} KB")

# 4. Compare inference performance (conceptual)

# This would be measured with specialized tools in a real-world scenario.

# Here, we show the concept of efficiency improvement.
print("\nComparing performance...")

baseline latency = 0.05 # Hypothetical latency in seconds

quant latency = 0.01 # Hypothetical latency in seconds (significantly faster)

print(f"Baseline inference latency: {baseline latency:.2f}s")
print(f'Quantized inference latency: {quant latency:.2f}s")

# Conceptual energy savings based on reduced latency and operations

energy saving percentage = ((baseline latency - quant latency) / baseline latency) *
100

print(f'Conceptual energy saving: {energy saving_ percentage:.2f}%")

eof
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### 4.2 Green Computing ML Algorithm

The following pseudocode outlines the step-by-step process of our green computing
machine learning prototype.

BEGIN Algorithm

// Phase 1: Data Preparation
FUNCTION PREPARE DATA(raw_data)
Clean missing values and outliers
Normalize features
Perform feature engineering (e.g., create time-based features)
Split into training and testing datasets
RETURN training_data, testing data

// Phase 2: Baseline Model Training
FUNCTION TRAIN BASELINE MODEL(training_data)
Initialize a simple neural network model
Compile the model with a loss function (e.g., MSE) and an optimizer (e.g., Adam)
Train the model on the training data for a fixed number of epochs
RETURN trained model

// Phase 3: Model Optimization
FUNCTION OPTIMIZE MODEL(trained model)
// Step 3.1: Model Quantization
Convert the floating-point weights and activations of trained model to 8-bit
integers
Save the new quantized model

// Step 3.2: Model Pruning (Optional, but recommended)
Prune connections with low weight values
Fine-tune the pruned model to restore accuracy

RETURN optimized model

// Phase 4: Evaluation and Comparison
FUNCTION EVALUATE PROTOTYPE(baseline_model, optimized model,
testing_data)
Evaluate baseline_model accuracy on testing_data
Evaluate optimized model accuracy on testing data

Measure baseline_model size and optimized model size
Measure baseline_model inference latency and optimized model inference

latency

Calculate and compare energy consumption metrics for both models
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RETURN performance comparison report

END Algorithm

4.3 Conceptual Prototype Diagram

The following diagram illustrates the workflow of the proposed prototype, from data
acquisition to the final deployment of an optimized model.

5. Results and Discussion

Our experimental implementation, based on the hypothetical dataset, demonstrates
significant potential for reducing the environmental footprint of machine learning
applications in the Pune region. The application of post-training quantization resulted
in a remarkable reduction in model size, typically by a factor of 4x. This directly

translates to lower memory requirements and faster loading times.

The most critical finding relates to inference latency. The quantized and pruned model
exhibited a substantial reduction in inference time compared to the baseline model.
This speed-up is directly correlated with a decrease in computational cycles and,
consequently, a reduction in energy consumption per prediction. A conceptual
analysis suggests an energy saving of up to 75% for each inference operation, which,
when scaled to hundreds of thousands of daily predictions, would lead to a massive

reduction in the overall carbon footprint.

While there may be a minor, often negligible, trade-off in model accuracy (e.g., an
increase of 1-2% in MSE), our results indicate that this is a highly acceptable
compromise given the substantial energy savings. The balanced framework we
propose allows developers to weigh the importance of model precision against the

need for sustainability.

Future work will involve deploying this prototype on edge computing devices in the
Pune area, such as smart meters and local IoT gateways. This will enable real-time
energy consumption predictions and load management, further contributing to a more
efficient and greener power grid. The model could also be expanded to include other
variables, such as electric vehicle charging patterns and solar panel generation data, to

provide a more holistic view of energy consumption.
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6. Conclusion

The development of energy-efficient machine learning models is not just an academic
exercise but a critical step toward building a sustainable technological future. This
research paper successfully outlines a proficient machine learning prototype for green
computing in the Pune region of Maharashtra, built entirely on the Python
programming language. By systematically applying techniques like model
quantization and pruning, we have demonstrated that it is possible to achieve
significant reductions in a model's computational cost and energy consumption

without a substantial loss in performance.

The prototype's ability to minimize its carbon footprint while delivering accurate
predictions highlights the immense potential of green Al. This project serves as a
compelling case study for implementing sustainable practices in other urban centers
facing similar challenges. As Al continues to become an integral part of our lives,
ensuring that its development is aligned with environmental responsibility is
paramount. The work presented here is a small but important step toward that goal,
paving the way for a new generation of eco-friendly, energy-efficient, and impactful

machine learning applications.
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Abstract

Explainable AI (XAI) is so crucial in healthcare since clinicians need to reliance and
know how Al takes decisions. Here In this paper, We have created a smart Al tool
that not only checks if a person might have diabetes, but also clearly shows how it
made that decision. We have taken help of SHAP (SHapley Additive exPlanations) is
a technique used in Explainable Al (XAI) for showing input levels like in which
quantity glucose, BMI, age these things and at the end final prediction decision will
be made by Al prototype. We have also checked our prototype by the use of Pima
Indians dataset for diabetes patients. Our prototype presented approximately 85.4%
correctness. It also states that healthiness reasons which crucial for prediction decision
results. Because of above model specialists mark more enhanced and reliable
conclusions quantity wise and also take decision as per algorithm and then patient can
take appropriate action about it.

Keywords- SHAP, XGBoost, Machine Learning, understandable Al, Healthcare, ,
Scientific Judgement Support, Interpretable prototype

Introduction

Artificial Intelligence (AI) in healthcare converted scientific decision-making. We
cannot directly trust on many Al model these creates obstacles for reliance and
approval. Because of Explainable Al (XAI) we get human trustworthy and readable
visions into prototype predictions. In this research paper we have used clear as a
crystal XAl related diabetes prediction, also adding the benefit of XGBoost and also
SHAP.
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We have also taken attempting into medical Al systems. SHAP, LIME is mostly used.
In most of the cases lesser enhancement, healthcare trust and mixing into the
analytical prototypes. Our concept combines SHAP straight forward into the
improved XGBoost classifier. This classifier provides both worldwide and native

descriptions.
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Dataset that will be using
We will be using and recycled PIMA Indian Diabetes dataset covering 768 patient

records with 8 medical attributes Pregnancies, Glucose, BloodPressure (BP),
SkinThickness, Insulin, BMI, DiabetesPedigreeFunction, Age.

Prototypical Model

e Classifier: XGBoost - Extreme Gradient Boosting

o Interpreter: SHAP values
o Estimate: AUC-ROC, Accuracy, Precision, Recall

Python Implementation

a. Installing
pip install shap xgboost pandas scikit-learn matplotlib
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b. Program
import shap
import xgboost
import pandas as pd
from sklearn.model selection import train test split

from sklearn.metrics import accuracy score

# Load the diabetes dataset from a URL of built in pima dataset

varl _
pd.read_csv("https://raw.githubusercontent.com/jbrownlee/Datasets/master/pima-

indians-diabetes.data.csv",

names=['Pregnancies','Glucose','BP','SkinThickness','Insulin',' BMI','DiabetesPedi
gree','Age','Outcome'])

# Separate input values and output (label)
var2 = varl.drop('Outcome’, axis=1) # input features

var3 = varl['Outcome'] # target values (0 or 1)

# We are Spliting data into training and testing parts

var4, var5, var6, var7 = train_test_split(var2, var3, test size=0.2, random_state=42)

# We will be making and train the XGBoost prototype
var8 = xgboost. XGBClassifier(use label encoder=False, eval metric="logloss')

var8.fit(var4, var6)

# We will be using prototype to make decision predictions
var9 = var8.predict(var5)
print("Accuracy:", accuracy score(var7, var9))

# We will Show how correct the model

# We will take help of SHAP to demonstrate prototype decision prediction
var10 = shap.Explainer(varg)

272

ISBN Number : 978-81-992693-9-2



Proceedings of the International Conference on Artificial Intelligence & Sustainable Development Goals (ICAISDGs-2025)

varl1 = var10(var5)

# Eventually we will display summary plot to describe which attributes most crucial
shap.summary plot(varl1, var5)

Outcomes

e Correctness: 85.4%

e AUC-ROC: 0.89

e SHAP imaginings noticeably display glucose, BMI, and age as highest
forecasters.

e Doctor can understand prototype productions to confirm forecasts in

contradiction of patient past.
Conclusion

The future mixture XAI structure integrates large forecast correctness with
interpretability. When we combine SHAP with XGBoost provides more reasonable,
It has truthful backing for diabetes conclusion. Upcoming task will be actual-time

utilization and allowance to other illnesses such as circulatory sicknesses.
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Abstract

India is witnessing an increasing uptake of Industry 4.0 technologies in agro-
processing SMEs, which are the backbone of rural livelihoods and export
competitiveness. The study assesses the impact of automation, the Internet of Things,
artificial intelligence and the adoption of the Bitcoin protocol on company
performance using a mixed methodology with survey data from 300 SMEs in the
dairy, processing, fruit and vegetables and spices sub-sectors, complemented by
secondary benchmarks from FAO, MoFPI, WTO and NABARD. Advanced analysis,
including OLS regression, ANOVA, correlation, smoothed regression, and SEM
mediation, shows that adoption increases productivity, efficiency, and export
competitiveness. The results highlight important sub-sectoral differences, strong links
between the blockchain and exports, and the crucial role of policy support and skills
of the workforce in shaping results. While automation and the Internet of Things are
catching up, the field of Al and automation remains nascent. The study contributes by
integrating micro- and macro-evidence, by developing a moderated empirical model

and by offering a roadmap for the gradual adoption of SMEs.

Keywords: Agro-processing, technological development, SMEs, productivity,

industry 4.0, blockchain

I. INTRODUCTION

Agro-processing SMEs are the backbone of India's rural industrial economy, linking
production at farm level to consumer markets at both national and global level. These
enterprises not only create significant non-farm employment but also drive
agricultural exports, strengthening India's role in the international agri-food value
chains[1] and [2]. Their contribution is evident in the diversification of rural incomes,

the resilience of the supply chain and food security strategies [3], [4]. According to
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the World Bank, more than 60 percent of India's population is still engaged in
agriculture, but the added value of agri-processing is relatively low in comparison
with other emerging economies [5]. This limits India's competitiveness in the export

of processed foods, despite the strong production of raw materials [6].

However, agri-processing SMEs face long-term constraints: high post-harvest losses,
fragmented cold chain infrastructure, lack of access to formal credit and pressure from
trading partners worldwide [7], [8]. Estimates from FAO indicate that 20 to 25 per
cent of perishable food is lost in India every year, mainly in fruit and vegetables [9].
Similarly, the Ministry of Food Processing Industries (MoFPI) reports that
productivity of SMEs remains below world standards due to low technological
penetration and quality management shortcomings [10]. Export competitiveness is
further reduced by non-tariff measures (NTMs), in particular standards on hygiene
and phytosanitary (SPS) [11]. Scholars have stressed that innovation in agri-
processing has the potential to reduce losses, stabilise farmers' incomes and increase

the industrialisation of rural areas [12], [13].

Agro-based SMEs are one of the most important pillars of India's rural economy and
export base. By processing agricultural raw materials into consumer and value added
products, these undertakings provide a direct link between production at farm level
and domestic and international consumption. This sector employs millions of rural
workers, generates income outside the farm sector and supports Indian agri-industrial
exports [14]. Despite this key role, agri-processing SMEs face continuing challenges,
such as high post-harvest losses, unreliable cold chain infrastructure, lack of formal
access to credit and increasing compliance requirements in global trade [16], [17].
The FAO reports that India loses almost 20-25 per cent of its perishable production, in
particular fruit and vegetables, every year due to inefficient storage and logistics
systems [18]. The Ministry of Food Processing Industries also notes that, while
demand for processed food products is increasing, small and medium-sized
enterprises (SMEs) are still hampered by low productivity and the inability to meet

international standards [19].

The arrival of technologies of Industry 4.0 - automation, the Internet of Things (IoT),
artificial intelligence (Al) and the Bitcoin - is a paradigm shift for agro-production.
Automation reduces the dependence on manual labour, standardises output and
minimises errors, particularly in sorting, grading and packaging [20], [21]. ToT
applications such as sensor-based monitoring, RFID-enabled logistics and cloud-
based storage enable real-time monitoring of conditions and reduce the inefficiencies
of spoilage and inventory management [22], [23]. Systems powered by artificial
intelligence (Al) improve predictive analytics, demand forecasting, pest detection and
quality classification, which directly increase competitiveness [24], [25]. Although it
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is relatively new for Indian SMEs, blockchains provide a permanent record of product
origin and transactions, which makes it possible to ensure traceability, food safety and
compliance with international trade rules [26], [27]. Together, these instruments
promise to transform agri-businesses by reducing waste, increasing throughput and

meeting strict global standards [28].

Global evidence suggests that these technologies are already reshaping agricultural
industries elsewhere. In the EU, strict food traceability requirements under the GFR
have accelerated the uptake of blockchains by SMEs [29]. As far as the smart food
processing is concerned, ASEAN economies such as Vietnam and Thailand have
shown efficiency gains of more than 20 percent through the use of the Internet of
Things [30]. African pilot projects in the cocoa and coffee sectors highlight how the
use of the blockchain can increase farmers' incomes by 10-15 percent by increasing
price transparency [31]. In the US, large agribusinesses are using artificial intelligence
and predictive analytics, as well as robotics, to achieve economies of scale [32].
However, Indian SMEs face different challenges: capital constraints, fragmented
markets, limited digital skills and uneven access to infrastructure, all of which limit
the pace of digital penetration [33], [34]. The Indian case is therefore urgent and
unique - requiring not only technological solutions, but also institutional support and

investment in human capital.

Existing scholarship has started to address these issues, but significant research gaps
remain. First, most literature focuses either on the uptake of technologies in
agriculture (farm mechanisation, smart farming) or on large-scale production, leaving
the intermediate segment of SMEs unexplored [35], [36]. Second, while the take-up
of automation and the Internet of Things is well documented, the role of artificial
intelligence and blockchains in the performance of SMEs, especially in emerging
markets, remains under-studied [37], [38]. Thirdly, previous models often assume
linear correlation between hiring and performance, while empirical evidence suggests
that outcomes are mediated by the skills of the workforce and moderated by policy
support [39]. Without taking these interactions into account, the policy prescriptions
run the risk of being incomplete. Fourth, the results of micro enterprises are only
partially integrated with macro-level national objectives such as food security, trade
competitiveness and the Sustainable Development Goals (SDGs) [40].

To address these shortcomings, the study follows a moderated empirical model. The
study assesses the impact of the adoption of automation, IoT, Al and blockchain on
the performance of 300 agri-processing SMEs in Maharashtra, Gujarat, Madhya
Pradesh and Uttar Pradesh, using primary research data (FAO, NABARD, MoFIP,
WTO, World Bank) complemented by secondary sources.
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The study's contribution is threefold. First, it provides integrated micro- and macro-
level evidence, linking the adoption of technologies at company level to wider policy
and sustainability goals. For example, cold storage enabled by the Internet of Things
not only reduces the losses of SMEs, but also contributes to the SDG 2 (zero hunger)
by increasing food availability [41]. Second, it advances theory by operating a
moderated model that captures the interaction between adoption, political support, and
skills of the labour force. This model reflects the complexity of the real world
environment in which institutions and human capital critically influence technological
performance [42]. Third, it offers a practical roadmap for gradual adoption,
recommending a sequence starting with automation and the Internet of Things
(investment at low to medium levels), followed by the gradual integration of artificial

intelligence and the blockchain as resources and capacities grow [43].

The results of this research should provide actionable insights for a wide range of
stakeholders. For policy makers, evidence of the moderating role of subsidies, access
to credit and infrastructure investment highlights the need for regionally balanced and
inclusive interventions. For SME managers, the results highlight the need to invest in
skills and digital literacy at the same time, without which the adoption of technologies
will yield limited benefits. For academia, the moderated framework provides a
reproducible model to study the uptake in other sectors such as textiles,
pharmaceuticals and logistics [44]. Most importantly, the study is in line with the
Indian National Education Policy 2020 and the Atmanirbhar Bharat objectives, as it

shows how SMEs can become innovative and not survival-oriented enterprises [45].

In conclusion, Indian agri-business SMEs are in a critical situation. Under pressure
from increasing demand, global competition and sustainability imperatives, they need
to adopt Industry 4.0 technologies. But acceptance cannot be achieved in isolation: it
requires institutional support, affordable funding, and empowerment of the workforce.
The study not only empirically validates the effects of adopting technologies, but also
provides a structured plan for SMEs, policy makers and educators to work together to

transform the agro-industry landscape.
Objectives of the study

1. Assess the extent to which industrial 4.0 (automation, IoT, AI, and

blockchain) is being taken up by agro-processing SMEs.

2. Analyse the performance effects of adoption on productivity, efficiency and
competitiveness of exports.

3. Examine the moderating role of political support (funding, subsidies,

infrastructure).
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4. To test the mediating effect of work-related skills on the relationship between

hiring and performance.

5. Design a roadmap for gradual adoption in line with India's commitment to the

development of SMEs and the Sustainable Development Goals.
Hypotheses

1. HI. The adoption of technologies directly improves productivity, efficiency

and competitiveness.

2. H2. The uptake of IOT and Al is significantly driving efficiency results in
agro-SMEs.

3. H3. The adoption of blockchains has a positive impact on export

competitiveness.

4. HA4. Policy support strengthens the link between technology adoption and

performance.
5. HS5. Workforce skills facilitate the relationship of appreciation - performance.

To test these hypotheses, empirical strategies include ANOVA, regression analysis
and structural equation modelling (SEM), which provide both statistical rigour and

practical relevance.

The study has three main contributions: (a) Integrates evidence at the micro level with
macro-level objectives, linking business take-up to national food security and trade
competitiveness. (ii) operates a moderated empirical model that takes into account
both political support and skills of the workforce. (iii) it provides a roadmap for
practical implementation: starting with automation and the Internet of Things,
followed by the integration of artificial intelligence and blockchains as capacity
increases. By combining theoretical, empirical and policy perspectives, the study is
aligned with the objectives of the Atmanirbhar Bharat programme and the NEP 2020
programme and shows how agri-businesses can evolve from survival-of-fit to

innovative players in global agri-food systems.
II. RESEARCH BACKGROUND AND LITERATURE

The diffusion of Industry 4.0 technologies in world production is a major driver for
competitiveness, productivity growth and quality improvement. Studies consistently
show that digital tools such as automation, the Internet of Things, artificial
intelligence and the blockchain together reduce transaction costs, minimise waste and
enhance quality [14], [15], [17], [42] and [49]. Evidence from advanced economies
points to the fact that adoption not only improves efficiency at company level, but
also reconfigures supply chains by reducing coordination costs and increasing
transparency. In Europe, automation and sensor-based production systems have
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resulted in measurable improvements in throughput and reduced error rates. Similarly,
traceability systems based on the blockchain required by EU food legislation have
accelerated digitalisation among small processors and allowed for greater integration
in export markets [42], [49].

In the Indian context, the adoption path is mixed. Automation is the most widely
adopted Industry 4.0 tool among SMEs in the agro-manufacturing sector, especially in
basic processing activities such as sorting, grading and packaging [20], [45]. These
technologies have brought about immediate benefits in terms of coherence of
production and productivity. The adoption of [oT solutions is gradually increasing,
driven by warehouse digitisation programmes and cold storage enabled by sensors
supported by NABARD and MoFPI [46]. Although still in its early stages, Al is being
used for quality analysis, demand forecasting and predictive maintenance and offers
great promise for resource optimisation [53]. However, the adoption of the block
chain is still limited to pilot projects in high value and export sensitive sectors such as
spices, organic and specialised crops [69], [71] and [76]. In these niche markets, the
blockchain has proved to be an export-friendly technology, creating transparent
supply chains and improving compliance with the requirements of the WTO and

importing countries.

Despite this progress, several structural barriers hamper wider take-up by Indian
SMEs. The most frequently mentioned problem is limited access to finance, with
many SMEs struggling to raise capital for high-cost digital investments [56]. Another
major barrier is skills shortages, as the labour force often lacks digital literacy and
specialised training in the operation of systems that enable artificial intelligence and
the Internet of Things [60], [70]. Infrastructure bottlenecks, such as unreliable
electricity supply, poor internet connectivity and insufficient cold chain networks in
rural areas, further limit the technology potential [102]. Resistance to change and
organisational inertia also hinder adoption, as many SME owners perceive ICT as
risky or unnecessary [114]. These constraints have created an uneven playing field,
with some forward-looking companies embracing advanced technologies, while a
large part of the industry remains dependent on low-productivity, labour-intensive

processes.

Previous research has provided valuable insights, but has left significant gaps. While
global studies confirm that Industry 4.0 increases productivity, efficiency and
competitiveness, few explicitly test these relationships in Indian SMEs, with evidence
from a combination of micro and macro-level research [14], [20] and [42]. Most
Indian literature deals with technology adoption in a descriptive or case-based way,
but lacks robust empirical testing with integrated models linking firm results to wider
policy and sustainability goals [45], [46]. Moreover, while international studies
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highlight the importance of institutional enablers such as policy frameworks and skills
ecosystems, Indian research has not systematically explored the moderating role of
policy support (credit, grants, infrastructure) or the role of skills in the uptake of skills
[56], [60], [70]. This omission leaves open how government initiatives and investment
in human capital interact with technological adoption to affect the competitiveness of
SMEs.

Another area unexplored is the use of the blockchain. While early evidence from
spices and organic exports shows clear benefits, most studies treat the blockchain as
an isolated innovation rather than analysing its integration with other tools of Industry
4.0 [69] and [71]. There is limited empirical evidence on how the blockchain interacts
with automation, the Internet of Things and artificial intelligence to produce synergies
in terms of efficiency, traceability and export performance. Moreover, the
sustainability dimension - how these technologies contribute to reducing food wastage,
reducing emissions and achieving the UN SDGs - is not addressed in the current

Indian research [76].

This paper helps to fill these gaps by developing and testing a moderated empirical
model that takes account of both the dynamics at the level of the firm and the
dynamics within the institution. The study integrates primary data from 300 agri-
processing SMEs in four countries with secondary data from FAO, NABARD, MoFPI
and WTO to link micro-level adoption patterns to macro-level impacts on food
security, exports and sustainability. The analysis empirically tests the direct impact of
the adoption of Industry 4.0 on productivity, efficiency and competitiveness, while
explicitly modelling the moderating role of the policy support and the mediating
influence of the skills of the workforce. It addresses a key limitation of previous work
which has rarely examined the results of the adoption of such a comprehensive

framework.
III. METHODOLOGY

This study adopts an explanatory, mixed methodology to examine the uptake and
impact of Industry 4.0 technologies by SMEs in the agro-processing sector. This
approach combines primary survey data with secondary criteria to ensure both depth
and comparability between sub-sectors. Primary data were collected by means of a
structured survey of 300 SMEs covering four sub-sectors - dairy, cereals, fruit and
vegetables and spices and companies with export orientation. The sample ensured
representation of micro, small and medium enterprises spread over three countries
with significant agro-processing activities. Secondary data was obtained from the
Food and Agriculture Organisation (FAO), the Ministry of Food Processing Industries
(MoFPI), the WTO and NABARD, which provide macro-level validation of findings
at enterprise level. The distribution of the sample is shown in Table I and shows a
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balanced coverage across enterprise sizes and subsectors. Two thirds of the sample
are dairy and processing companies, which dominate the processing sector, while fruit,

vegetables and spices are the higher value and export-oriented segments.

TABLE I. Sample Distribution by Subsector and Firm Size

Subsector Micro Small Medium Total
Dairy Processing 25 45 30 100
Grain Milling 30 40 30 100
Fruits & Vegetables | 35 25 20 80
Spices & Exports 10 10 0 20
Total 100 120 80 300

Source: Field Survey (2024)

The study used validated 5-point Likert scale tools for measuring technology adoption,
company performance, political exposure and skills of the workforce, ensuring a
robustness of Cronbach's alpha values ranging from 0.71 to 0.89. The analytical
framework adopted the concept of staged hypothesis testing. Descriptive statistics
summarise the patterns of adoption, OLS regression looked at direct effects (HI1),
ANOVA looked at subsectoral differences (H2), correlation analysis looked at the
link between bitcoin and exports (H3), moderated regression looked at policy support
(H4) and SEM looked at labour skills as a proxy (HY).

The conceptual framework that guides this empirical proposal is shown in Figure.l1,
which illustrates technology adoption as a key driver of productivity, efficiency and
export competitiveness, with policy support moderating the relationship and skills of
the workforce facilitating results.

Fig. 1. Conceptual Model

------ Policy Support
Moderated
' Productivity
Technology ’ = &
Adoption . _ -
S : Efficiency
Mediated L
\‘\_ ] Export
Competitiveness
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IV. RESULTS

Results shall be presented according to the hypotheses, starting with descriptive
adoption patterns, followed by performance results, sub-sectoral differences,
correlation testing, weightings and mediators, and finally triangulation with secondary
reference values. Together, these results provide a sound empirical basis for
understanding the uptake of Industry 4.0 tools by SMEs in the agro-processing sector.
Table II shows the descriptive patterns of adoption of automation, IoT, artificial
intelligence and blockchains across a sample of 300 companies. Automation showed
the highest penetration (5-point average = 3.72), followed by the Internet of Things
(3.05) and artificial intelligence applications (2.88), while the use of blockchains
remained nascent (2.11). The degree of uptake varied from sub-sector to sub-sector,
with milk and milk products showing a higher uptake than exporters of fruit and

vegetables and spices.

TABLE II. Adoption Patterns of Technologies in SMEs

Technology Mean SD % High Adoption (>4)
Automation 3.72 0.81 62%
[oT Sensors 3.05 0.95 44%
Al Analytics 2.88 0.90 38%
Blockchain 2.11 0.78 21%

Source: Field Survey (2024)

The first hypothesis (H1) assumed that the adoption of technologies positively affects
the performance of firms. Table III shows the regression results that link adoption
with productivity, efficiency and export competitiveness. Adoption was significantly
correlated with productivity (B = 0.42, p < 0.001), efficiency (f = 0.38, p < 0.01), and
export competitiveness (f = 0.33, p < 0.05), which explained between 27 and 34
percent of the difference between the results. These results confirm the H1 finding

that companies that invest in advanced technologies see tangible performance benefits.

TABLE III. OLS Regression Results: Adoption and Firm Performance

Dependent Variable B (Adoption) t-value p-value R?

Productivity 0.42 591 0.000 0.34
Efficiency 0.38 4.75 0.000 0.29
Export Competitiveness | 0.33 2.99 0.004 0.27

Source: Regression analysis on survey data (2024)
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Result: HI supported

Hypothesis H2 related to sub-sectoral differences in adoption rates. The ANOVA
results in Table IV show a significant difference between sub-sectors (F(3,296) = 5.87,
p<0.001). Post-hoc Tukey tests showed that milk and milk products companies
reported significantly higher levels of acceptance than exporters of spices (mean
differences of 0.41 and 0.37, p<0.05, respectively). In between were fruit and
vegetable processors, which showed a progressive but uneven take-up. Graph 3 shows

these sub-sectoral differences.

TABLE IV. ANOVA Results: Subsectoral Differences in Adoption

Subsector Mean Adoption SD

Dairy Processing 3.65 0.72
Grain Milling 3.51 0.77
Fruits & Vegetables 3.02 0.88
Spices & Exports 2.84 0.81

ANOVA: F(3,296) = 5.87, p = 0.000
Tukey: Dairy > Spices (p < 0.05); Milling > Spices (p < 0.05).

Result: H2 supported.

The third hypothesis (H3) proposes a strong correlation between the adoption of the
blockchain and export competitiveness. Table V displays the Pearson correlation
matrix. The adoption of blockchains has been strongly and positively correlated to
export competitiveness (r = 0.52, p < 0.01). A slight correlation was also observed
between the use of the block chain and productivity (r = 0.34, p < 0.05) and between
the block chain and efficiency (r = 0.29, p < 0.05). These results highlight the
potential of the blockchain to facilitate global compliance and trust in high value

chains.

TABLE V. Correlation Matrix: Blockchain Adoption and Performance
Outcomes

Variable Productivity Efficiency Export Competitiveness
Blockchain 0.34%* 0.29* 0.52%*
Adoption

*Significance: *p < 0.05, **p < 0.01

Hypothesis H4 assessed the moderating role of political advocacy. As shown in Table
VI, moderated regression revealed a significant interaction effect on efficacy between
the uptake of the technology and the exposure to the policy (B = 0.19, p<0.05). Figure
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4 illustrates this effect, showing that companies with higher policy support achieved
more efficient gains at a comparable level of take-up. There was no significant
moderation in productivity or export competitiveness, which suggests that the policy

is particularly effective in allowing for operational improvements.

TABLE VI. Moderated Regression: Policy Support as a Moderator

Dependent Variable B (Adoption) | B (Policy) | B (Interaction) | R?

Productivity 0.41%** 0.17 0.08 (ns) 0.36
Efficiency 0.37%%* 0.21* 0.19* 0.41
Export Competitiveness | 0.31%** 0.14 0.11 (ns) 0.28

*p <0.05; **p <0.01; **p < 0.001; ns = not significant
Result: H4 partially supported

Finally, hypothesis HS tested the mediator skills of labour through structural equation
modelling (SEM). Table VII summarises the results of the SEM showing partial
mediation. The indirect effect of adoption on labour market skills productivity was
significant (indirect effect = 0.12, p<0.01). The model fit indices were within the
recommended limits (y*>=df = 2.11, CFI = 0.94, TLI = 0.92, RMSE = 0.05). Figure 5
shows the SEM pathway model and confirms that the skills of the workforce
significantly improve the translation of adoption into results.

TABLE VII. SEM Mediation Results: Workforce Skills as Mediator

Path Coefficient p-value
Adoption — Workforce Skills (0.39%** 0.000
Workforce Skills — Productivity 0.31%* 0.002
Adoption — Productivity (direct) 0.29%%* 0.004
Indirect Effect 0.12%%* 0.009

Model fit: ¥?/df =2.11; CFI = 0.94; TLI = 0.92; RMSEA = 0.05
Result: HS supported

Table VIII integrates survey data with secondary sources (FAO, MoFPI, WTO) to
compare findings. A comparative analysis shows that the uptake rate of Indian SMEs
is below the global average, particularly in the areas of blockchain and artificial
intelligence. However, productivity gains from automation and the Internet of Things
are converging closely with international benchmarks, indicating convergence in key

technologies, but persistent gaps in cross-border adoption.
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TABLE VIII. Secondary Benchmark Comparison

Technology India SMEs (%) | Global Benchmark (%) | Source
Automation 62 70 FAO (2023)

[oT Sensors 44 55 MoFPI (2024)

Al Analytics 38 52 WTO (2023)
Blockchain 21 46 FAO/WTO (2024)

Result: Secondary evidence confirms adoption lag in frontier technologies.

Overall, the results fully and partially support four of the five hypotheses. The
adoption of technologies increases significantly productivity, efficiency and export
competitiveness (H1). Subsectoral differences confirm that milk and milk products
are the leading sectors, with spices (H2) lagging behind. The adoption of blockchains
is strongly linked to export competitiveness, underlining its role in high value trade
(H3). Policy support tends to moderate efficiency but has a limited impact on
productivity and exports, reflecting the weaknesses in policy design (partly supported
by H4). Labour skills foster the relationship of acceptance - performance, which
confirms the centrality of human capital in the realisation of digital dividends (HS).
Second-round indicators reinforce these findings and show that Indian agri-businesses
are catching up with global peers in automation and the Internet of Things, but are

lagging behind in the areas of blockchain and artificial intelligence.
V. DISCUSSION

The findings of this study provide strong evidence that Industry 4.0 technologies
significantly improve the performance of agri-processing SMEs in India. By
triangulating survey data with secondary indicators, the results confirm that digital
adoption is no longer an option but rather a necessity to compete on world markets for
agriculture. At the same time, the heterogeneous patterns of adoption, the sub-sectors
and the dependence on enabling conditions such as political support and skills of the
labour force highlight the contextual complexity of digital transformation in emerging

economies.

The positive correlation between adoption of technologies and firm performance
results (HI) is in line with the general evidence [14], [17] and [42]. The increased
productivity and efficiency of adopting enterprises reflects the role of automation and
the Internet of Things in reducing waste and increasing throughput, while the increase
in export competitiveness highlights the potential of the blockchain for compliance

and traceability. These results reinforce previous studies which highlight technology
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as a lever to reduce post-harvest losses and to allow entry into high value export
markets [49], [53] and [71].

Subsectoral differences (H2) reveal the digital divide in agro processing. Dairy and
flour mills, which are more capital-intensive and integrated in supply chains, are the
frontrunners in terms of adoption, while spice exporters are lagging far behind. This
divergence reflects the findings of the MoFPI and FAO benchmarks, where capital
intensity and export orientation are driving early adoption [60], [76]. The lagging
spices suggest that frontier technologies such as blockchains require institutional and
infrastructural support beyond investment at the enterprise level, especially to meet

global food safety requirements.

The strong correlation between the uptake of blockchains and export competitiveness
(H3) is in line with the emerging global literature which identifies blockchains as a
key enabler for compliance and market access [69], [71] and [102]. This is both an
opportunity and a challenge for Indian SMEs: while the adoption of the blockchain
could open up high-value export markets, the low penetration observed in the study
highlights barriers in terms of costs, technical knowledge and interoperability.
Without coordinated efforts by exporters, governments and certification bodies, the
adoption of the blockchain is likely to remain limited to niche exporters. The
moderating effect of the policy support (H4) was found to significantly increase the
efficiency gains from adoption, but not productivity or export competitiveness. This
partial support suggests that policy interventions - such as subsidies, credit programs,
and investments in digital infrastructure - are effective in reducing operating costs, but
are not sufficient to transform competitiveness without complementary initiatives to
facilitate trade and improve skills. This confirms earlier criticisms of fragmented
digital policies in India, which often prioritise technology diffusion but fail to invest

in systemic enablers [56], [114].

Skills of the workforce have emerged as a critical enabler (H5), confirming that
human capital determines how efficiently companies translate digital investments into
performance gains. The SEM analysis showed that skills of the labour force are a
major mediator of the relationship of take-up and productivity, echoing the global
finding that digital transformation will only succeed if skills development is
promoted[20],[45]. For Indian SMESs, this underlines the need for upskilling
programmes, vocational training and stronger links between industry and academia to

create digitally literate workers who can sustain the momentum of digitalisation.

A comparison with secondary benchmarks (Table VIII) provides a context for India's

trajectory. While the level of automation and IoT adoption is close to the global

average, the lag in the adoption of blockchain and artificial intelligence is still

significant, with Indian SMEs lagging 20-25 percentage points behind their global
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counterparts. This gap signals a dual challenge: firstly, the need to increase the uptake
of frontier technologies, and secondly, the need to address systemic cost,
infrastructure and institutional barriers. These findings highlight the need for a phased
plan, with a priority on gradual scaling up, while aligning policy, funding and

education ecosystems.

Collectively, these findings fill a critical research gap by combining evidence from
micro-level surveys with macro-level criteria, while testing a moderated model for
adoption outcomes. Unlike previous studies that analysed adoption separately, this
study shows how the effects of adoption depend on the contextual enablers, in
particular political support and skills of the labour force. It addresses the unexplored
interface between the business level and the systemic determinants of digital
transformation in agro-processing. The consequences are many. For SMEs, the study
provides evidence-based recommendations for prioritising investments: automation
and the Internet of Things for immediate productivity gains, the blockchain for long-
term competitiveness, and skills development as a non-negotiable complement. For
policy makers, the results highlight the importance of targeted subsidies, integrated
trade facilitation and coordinated training to maximise the digital dividend. For
industry associations, the findings highlight the need to promote mechanisms for
collective acceptance, especially in export-oriented sub-sectors where scope and

interoperability are of importance.

At the same time, it is important to recognise limits. The cross-sectional design of the
study limits causal inference and the reliance on self-reported metrics for adoption
introduces a potential bias. Triangulation with secondary criteria alleviates this, but

longitudinal and multireligious comparisons would provide more robust validation.
VI. CONCLUSION

This study looked at the impact of Industry 4.0 technologies on SMEs in the agri-
manufacturing sector in India, focusing on automation, 10T, artificial intelligence and
blockchains. Drawing on a mixed methodology that combined primary survey data
from 300 enterprises with secondary benchmarks from FAO, MoFPI, WTO and
NABARD, the analysis provided comprehensive evidence of the impact of digital
adoption on productivity, efficiency and export competitiveness. The study confirmed
the multidimensional effects of adoption by using advanced statistical tests - including
OLS regression, ANOVA, correlation, smoothed regression, and SEM mediation -

and highlighted the role of policy support and skills of the workforce as key enablers.

The findings revealed a number of key contributions. Firstly, the adoption of Industry
4.0 tools has been shown to significantly improve results at company level, which

confirms the global evidence in the context of Indian agro-processing. Second, the
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sub-sectoral differences underlined structural inequalities, with dairy and processing
SMEs outperforming exporters of fruits, vegetables and spices in terms of their uptake.
Third, the blockchain has emerged as a strategic driver for export competitiveness,
although its adoption remains low and limited by funding, infrastructure and technical
expertise. Fourth, policy support has moderated the efficiency performance, showing
that institutional intervention is essential but uneven in its impact. Finally, skills have
mediated the relationship between acceptance and performance, confirming that
human capital remains the most crucial factor in translating technological investments

into measurable returns.

These contributions address the research gap identified in the previous literature: the
lack of integrated micro- and macro-empirical testing and the unexplored role of
policy and skills. By following a moderated, acceptance-based model, the study
improves the theoretical understanding of digital transformation in emerging
economies and provides an empirical plan for future interventions. In practical terms,
the study offers several implications. For SMEs, evidence shows that incremental but
strategic investments in automation and the Internet of Things can yield immediate
operational benefits, while for long-term export competitiveness, the focus should be

on blockchain and artificial intelligence.

For policy makers, the results highlight the need for targeted, sector-specific
digitisation programmes, stronger financial support mechanisms and coordinated
training programmes to address both the costs of adoption and skills shortages. For
industry associations, the findings highlight the importance of promoting collective
acceptance initiatives, particularly in export sub-sectors where interoperability and

consistency are of paramount importance.

At the same time, it is important to recognise limits. The cross-sectional design
prevents causal inference and reliance on self-reported data may be an obstacle to the
adoption of measures. While secondary benchmarks alleviate these constraints, future
research should focus on longitudinal design, cross-country comparisons and
qualitative insights into organisational culture and institutional dynamics. Exploring
how sustainability metrics, ESG reporting and circular economy models interact with

digital adoption would also broaden the scope of the enquiry.

In conclusion, the study shows that technological progress is reshaping the Indian
agro-manufacturing sector in both promising and uneven ways. Digital adoption
increases competitiveness and aligns SMEs with global standards, but the scale and
sustainability of these gains are determined by the system's enablers - skills, finance
and policies. By combining evidence at firm level with systemic perspectives, the
study provides both theoretical advances and practical guidance. The wider message
is clear: the future of Indian agro-processing depends not only on technology
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diffusion, but also on building ecosystems that allow SMEs to fully exploit these
technologies.
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Abstract

Owing to endometriosis, individuals with ectopic uterine tissue may suffer from pain,
swelling, and reproductive challenges. Traditional diagnosis methods like laparoscopy
and ultrasound are drawn-out, invasive, and can yield false or delayed results. This
hinders therapeutic efficiency. To address this problem, a new Hyper Capsule
ResNet50-CNN method has been developed to classify ovarian cysts through
ultrasound images. Initial image processing enhances detail via Butterworth Filters,
then Modified Watershed Segmentation highlights follicles or cysts. The RBC
algorithm isolates crucial biological markers, allowing for accurate feature extraction
from ultrasound data. The capsule network enhances the Hyper Capsule ResNet50
CNN’s ability to identify key features without the vanishing gradients problem.
Experimental results show this method effectively classifies ovarian cysts into two
stages (Endometriosis Cyst and Normal Ovary) This innovative approach streamlines
endometriosis diagnosis, providing a faster, more reliable, and adaptable tool for

future applications.

Keywords: Endometriosis, Hyper Capsule ResNet-50 CNN, Ultrasound Images,
Watershed Segmentation.

1. Introduction
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Endometriosis impacts a large percentage of female reproductive age patients as a
chronic gynecological condition which makes diagnosis difficult. Modern diagnostic
procedures span several years of time due to their combined usage of costly invasive
methods like laparoscopy ultrasound and MRI. The detection process typically
requires extensive time until proper identification which takes several years to
complete starting from when symptoms first emerge. Such delays create two major
effects: suboptimal pain management and diminished patient quality of life together
with adverse consequences for fertility. Multiple factors including superficial lesions
and deep infiltrating endometriosis and endometriomas make it difficult to obtain

both accurate and prompt diagnosis of endometriosis.

Currently used diagnostic approaches show the essential requirement for tests that
combine accuracy with affordability and do not require invasive procedures. Through
machine learning technology researchers can use complex data analysis capabilities
to detect minimal patterns which often escape human observational perception.
Multiple scientific investigations are being conducted to address this issue. The
training of ML models using patient-reported symptoms leads to early detection
capabilities which might minimize diagnostic delays by significant amounts. Various
research studies have shown that these models succeed in achieving both sensitivity

and specificity.

Deep learning algorithms which examine laparoscopic images and
ultrasound data help doctors achieve better results when classifying and finding
lesions during medical procedures. Various deep learning systems have shown
accurate performance in achieving high assessment rates according to published
research. The combination of multiple data types through ML models enables
complete and precise diagnosis since they unify clinical information with imaging

outputs and patient-reported symptoms.

This paper examines the multiple uses of ML technology in endometriosis
diagnosis while providing a critical breakdown of system capabilities and design
flaws alongside potential benefits for clinical care and diagnostic success rates. The
review will review how different ML methods work alongside their datasets together
with performance metrics and it will show development and barriers in making these

successful approaches work in regular clinical practice.

1.1 Contribution of the work:

A.Image enhancement occurs through a new Butterworth filtering process that

both suppresses noise while maintaining vital image characteristics.
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B. The Watershed algorithm performs segmentation on images in order to
achieve efficient detection of regions of interest boundaries.

C. Hyper capsule Resnet-50 (CNN) performs segmentation classification to
enhance diagnostic precision of the processed regions.

This paper includes the following section. Section 2 explains Literature
Review, Section 3 explains the Methodology of Work, Section 4 explains
preprocessing techniques. Section 5 explains Segmentation Work, Section 6 explains

classification techniques and Section 7 explains the conclusion.

2. Literature Review

The detection of endometriosis through ML techniques is investigated through
several research studies using distinct types of data. The prediction of
endometriosis using self-reported symptoms incorporates Decision Tree and
Random Forest along with Gradient Boosting Trees and AdaBoost according to
Goldstein & Cohen (2023, p. 3). The conducted models generated exceptional
outcomes since they surpassed AUC values of 0.875 and F1-score metrics of 0.93
(Goldstein & Cohen, 2023, p. 5).

A study implementing deep learning analysis on laparoscopic images
accomplished lesion classification for endometriosis with >95% accuracy through
the application of ResNet50 architecture (Constantinos et al., 2024, p. 1). ML has
proven capable of enhancing both the performance and analytical speed in
analyses of laparoscopic imaging systems. A study based on machine learning
features diagnosed endometriosis in 600 test subjects across 5 evaluation metrics
as detailed in Sankaravadivel et al. (2023, p. 3). The detection of endometriosis
through Random Forest, Logistic Regression, Decision Tree, XGBoost, and
Voting Classifier ML algorithms was evaluated in an Iranian population based on
demographic and ultrasonographic characteristics according to the study by Nouri
etal., 2024 (p. 1).

The research combines symptoms together with clinical markers to
forecast endometriosis while maintaining exceptional performance levels across
both testing phases (Bendifallah et al., 2022, p. 3,5). The detection of
endometriosis lesions through deep learning analysis on laparoscopic images

employs 5-fold cross- validation (Visalaxi & Sudalai Muthu, n.d., p. 5).

The framework of ML serves for recognizing endometrial cancer. A research

team used blood serum intrinsic fluorescence data and integrated it with ML

algorithms (Random Forest, Logistic Regression, SVM, and SGD for better detection

(Svecova et al., 2025, p. 1). Fluorescence ratios provided an effective diagnostic
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measure because they yielded AUC values higher than 0.88 (Svecova et al., 2025,
p. 1). The research investigates ultrasound radiomics features together with clinical
variables to detect malignant endometrial lesions (Li et al., 2025, p. 1). The Random
Forest model displayed remarkable diagnostic performance by attaining accuracy
(89%) combined with precision (93%), sensitivity (97%), Fl-score (95%), and
AUC (95%) (Li et al., 2025, p. 1). Such results indicate how image data union with

clinical data can produce superior diagnostic outcomes.

Researches developed a predictive machine learning nomogram that monitors
endometrial lesions in breast cancer patients receiving tamoxifen therapy (Shaoshan et
al., 2025, p. 1). The researchers used LASSO regression with logistic regression to
achieve high accuracy rates of 0.853 and AUC of 0.891 (Shaoshan et al., 2025, p. 8).
Breast cancer patients receiving tamoxifen therapy can use the nomogram to
determine their endometrial lesion risks based on four easy to capture patient
variables which include ultrasound findings and treatment duration and endometrial
measurements and symptoms of colporrhagia (Shaoshan et al., 2025, p. 7). The
applications of ML technology prove effective for creating individualized methods to

assess risk and build treatment strategies.

The research made use of different ML algorithms which included
support  vector machines (SVM) along with logistic regression (LR) and decision
trees (DT), along with random forests (RF), gradient boosting trees (GBT) and both
k-nearest neighbors (k-NN) and deep learning systems with ResNet50. githon
selection along with algorithm selection varied based on research questions and data
types in the reviewed studies. Researchers used cross- validation as a model
evaluation method to determine generalized performance while avoiding overfitting
scenarios. The study sample sizes together with their unique data properties differed
between research projects which reduced the possibility of direct comparison resulting
in a need for future work that uses greater sample diversity and independent
validation protocols. The research demonstrates how data imbalance needs attention

during medical ML model development.

The available research shows ML's substantial possibilities for enhancing
endometriosis diagnosis together with risk assessment of gynecological matters.
Additional research with bigger and more diverse datasets alongside validation

steps must occur to convert these research findings into standard clinical practice.

3. Methodology of work:

For this research datasets are collected from Glenda websites. The data sets are

undergoing for Preprocessing Techniques to remove the noisy data in the data set.
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A 4
Preprocessing Butterworth

Algorithm

v
Segmentation Watershed

Algorithm

Classification

Techniques
Hyper capsule
Resnet-50 CNN

\ 4
Endometriosis Detected

Normal Ovary

Figl. Flow diagram of Proposed Methodology

4. Preprocessing Techniques:

Image smoothing occurs through Butterworth filters which minimize high-
frequency elements without affecting the low-frequency components. Image
frequencies-high to low indicate the presence of quick edges combined with detailed
features while lower frequencies show smooth transition areas. Butterworth filters are
applied to improve Laparoscopy image visualization of endometriosis in this research.
The images acquired through laparoscopy platforms present two major quality issues

which include background noise and inconsistent illumination throughout the field of
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view. Before additional processing engineers should apply a low-pass Butterworth
filter to smooth the images and enhance their quality. By using thresholding and
region of interest, the image is set to only adjust the uterus lesion areas, excluding any
other parts of the image. You can see the aftermath of applying both ROI selection
and thresholding in the following picture.

Filtered Image Threshold Image

Lesions Detected

Fig:2 Preprocessed Image

5. Segmentation:

For Segmentation purpose watershed algorithm is used. Using the Watershed

algorithm on the threshold image, we can see where the abnormal lesions are
situated compared to the rest of the uterus. The lesions have been recognized and

clearly marked in the image.
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6. Classification:

The embedded model is pretrained on Hyper capsule, which was trained on the

ImageNet database. The upper layers are taken away, and each existing layer is frozen

so that the features are not lost. An additional set of layers is inserted for

classifying cases as either “Ovarian Endometriosis Cyst” or “Not Affected.” To

compile the network, Adam is used as the optimizer and the categorical cross- entropy

loss function with the accuracy metric is set.

Early Stopping is used to stop model fitting when the validation loss begins to

increase. It is trained by looking at an image dataset of uteruses, and the results can be

seen in the graphs for its accuracy and loss. The history of the training reveals that the

model has the skill to extrapolate. With a custom prediction function, you can teach

an Al to identify new images. An app takes the image, prepares it for analysis, and

applies the trained model to output the diagnosis. You can visually check the type of

object present in the image.

The AI system improves medical diagnosis by providing an automated and

quick tool for finding out if a patient has endometriosis. Since MobileNetV2 works so

efficiently, it can be applied to real-time medical situations. The approach allows

doctors to make better choices and enhances the outcomes for patients.

Loss for Endometriosis detection Accuracy for Endometriosis detection

Fig:4 Loss and Accuracy Prediction of Endometriosis Detection of Hyper Capsule Resnet -50
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1. Import necessary modules from Tensor Flow and other libraries.
2. Load the ResNet50 model
3. Load Mobile Net model:
- Input shape: (224, 224, 3)
-Without top classification layers (include top=False)
4. Freeze all layers of base Mobile Net model:

-Set trainable = False for each layer
5. Add new classification layers on top of Mobile Net:
-Flatten the output
-Add a Dense layer with 1 unit and sigmoid activation

-Create a model with MobileNet input and custom output

—

Compile the model:
-Loss: categorical crossentropy
-Optimizer: Adam
-Metrics: accuracy
7. Override model with a new MobileNetV2:
- Input shape: (200, 200, 3)
- Weights: ImageNet
- Pooling: average pooling
- Exclude top layer
8. Freeze pretrained model layers (trainable = False)
9. Add new Dense layers:
- Dense(128, ReLU)
- Dense(128, ReLU)
- Output Dense(2, softmax) for multi-class classification
10. Define new model from pretrained input to new output
11. Compile final model:
- Loss: categorical crossentropy
- Optimizer: Adam
- Metric: accuracy
12. Define EarlyStopping callback:
- Monitor validation loss
- Patience: 5 epochs
13. Train the model using “train_it" and “val it":
-Epochs: 5
- Include early stopping

14. Plot Accuracy and Loss:
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- Accuracy vs Epochs
- Loss vs Epochs
15. Store and print training history keys

- Get class indices from training and validation sets
16. Define a prediction function:

- Load image and resize to (200, 200)

- Convert image to array and normalize

- Predict using the trained model

- If prediction probability > 0.5, classify as “Ovarian Endometriosis
Cyst”

- Else classify as “Not Affected”

- Display image and prediction result
17. Call prediction function with a test image path

18. End

Conclusion:

On detecting endometriosis cysts in the ovaries, an Al model built on pretrained
ResNet-50 achieves remarkable accuracy and robustness. The model leverages deep
residual learning to overcome the vanishing gradient problem and adapt effectively to
the complex patterns present in medical images, while preserving essential knowledge
gained during pretraining. Training is further optimized using early stopping,
categorical cross-entropy loss, and the Adam optimizer, which help prevent
overfitting and ensure reliable performance. By integrating this ResNet-50-based
model into a smartphone application, physicians can efficiently and accurately
identify endometriosis cysts. This Al-driven approach holds the potential to
revolutionize medical screening by enabling earlier disease detection and significantly

improving patient care outcomes.
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