RESEARCH THEME RT-03

Federated Learning and Privacy-Preserving Artificial Intelligence
"Enabling Collaborative Intelligence Through Secure, Decentralized,
and Privacy-Aware Machine Learning."

Research Theme Number: RT-03
Research Maturity Level: Advanced
Research Status: Active
Patent Potential: Very High
Funding Potential: Very High
Industry Relevance: Very High
Technology Readiness Level (TRL):4-7

Secure, Private and Collaborative Al Pipeline

Collaborative Intelligence, Decentralized Data, Secure and Private Al for & Connected World
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Federated Learning and Privacy-Preserving Al
Collaborative Intelligence, Decentralized Data, Secure and
Private Al for a Connected World

Overview

As organizations increasingly rely on data-driven decision-making, concerns regarding
privacy, security, regulatory compliance, and data ownership have become significant barriers
to collaborative artificial intelligence.

This research theme focuses on Federated Learning (FL), Privacy-Preserving Machine
Learning (PPML), Secure Multi-Party Computation (SMPC), Differential Privacy, and
Blockchain-Assisted Al systems that enable collaborative model training without sharing
sensitive data.

The goal is to build scalable, trustworthy, and secure Al systems that maintain data
confidentiality while delivering high-performance machine learning solutions.

Current Research Areas
Federated Learning Frameworks

Cross-Silo Federated Learning
Cross-Device Federated Learning
Hierarchical Federated Learning
Personalized Federated Learning
Adaptive Federated Optimization

Privacy-Preserving Al

Differential Privacy
Homomorphic Encryption
Secure Multi-Party Computation
Data Anonymization
Privacy-Aware Deep Learning

Secure Aggregation Protocols

Byzantine-Robust Aggregation
Encrypted Model Updates
Communication-Efficient FL
Blockchain-Based Aggregation
Distributed Trust Mechanisms

Edge Intelligence and Distributed Al

o Edge-Based Learning
e 10T Federated Networks



o Resource-Aware Al
o Distributed Intelligence Systems
e Smart Device Learning

Applications of FL and PPML

Healthcare Analytics
Medical Imaging
Smart Cities
Financial Systems
Industrial 10T
Cybersecurity

Objective

To develop a secure federated learning framework enabling multiple healthcare institutions to
collaboratively train predictive models without sharing sensitive patient data.

Methods Used

Federated Averaging (FedAvg)
Differential Privacy

Secure Aggregation

Blockchain Auditing
Communication-Efficient Learning

Expected Outcomes

Privacy-preserved collaborative learning
Improved model generalization
Enhanced healthcare analytics

Reduced data transfer requirements
Regulatory compliance (HIPAA/GDPR)

Key Research Challenges

Data heterogeneity across institutions
Communication overhead

Security vulnerabilities in distributed learning
Model poisoning attacks

Regulatory compliance

Scalability across large federated networks
Trust establishment among participants



Improved Al accessibility

Enhanced trust in Al systems
Better utilization of distributed datasets

Privacy-preserving Al deployment
Secure cross-institutional collaboration
Reduced risk of data breaches

Publications Related to This Theme

Potential Publications
More Publications —

Technologies Used

Federated Learning in Healthcare: A Systematic Review
Privacy-Preserving Machine Learning Techniques and Applications
Blockchain-Enabled Federated Learning

Secure Collaborative Al Systems for Medical Analytics

Category

Technologies

Programming

Python

Machine Learning

TensorFlow, PyTorch, Scikit-Learn

Federated Learning

TensorFlow Federated, Flower

Privacy Techniques

PySyft, Opacus

Security OpenSSL, Hyperledger
Blockchain Ethereum, Hyperledger Fabric
Visualization Matplotlib, Plotly

Opportunities for Students
We Welcome:

Ph.D. Scholars

M.Tech Students

B.Tech Final-Year Projects
Research Interns




Potential Topics

Federated Learning for Medical Imaging
Differential Privacy Applications
Secure Aggregation Protocols
Blockchain-Assisted Federated Learning
Privacy-Preserving Healthcare Analytics
Edge Intelligence Systems

Principal Investigator

Dr. Ruksar Fatima

Professor | Researcher | Author

Specializations

Artificial Intelligence * Machine Learning ¢ Healthcare Al « Cloud Computing * Privacy-
Preserving Al  Distributed Systems

Current Status

@ ACTIVE RESEARCH PROGRAM

Collaborations and research proposals are welcome.



Innovation and Patent Opportunities

Overview

The research focuses on developing innovative privacy-preserving Al technologies with
strong commercialization potential in healthcare, finance, cybersecurity, smart cities, and
Industry 4.0.

These innovations aim to enable collaborative intelligence while maintaining strict data
privacy and regulatory compliance.

Research Pillars

Federated Learning Innovations

e Personalized FL Algorithms
e Adaptive FL Optimization

e Communication-Efficient Learning
o Federated Transfer Learning

Privacy Preservation Technologies

Differential Privacy Frameworks
Homomorphic Encryption Systems
Data Obfuscation Techniques
Privacy Risk Assessment Tools

Secure Communication Systems

Secure Aggregation Protocols
Byzantine Attack Detection
Federated Security Layers
Trust Verification Mechanisms

Blockchain-Enabled Al

Decentralized Trust Management
Audit Trails for FL

Smart Contract-Based Learning
Secure Data Provenance



Featured Innovation Project

Secure Federated Learning Platform with Privacy
Guarantees

Objective

To design a scalable federated learning ecosystem enabling organizations to collaboratively
develop Al models while preserving privacy, security, and regulatory compliance.

Innovative Features

+ End-to-End Encrypted Communication
+ Adaptive Privacy Protection

+« Blockchain-Based Audit Trail

+ Differential Privacy Controls

« Secure Model Aggregation

+ Real-Time Trust Monitoring

Potential Patentable Components

Privacy-Aware FL Optimization Engine
Secure Aggregation Framework
Federated Trust Management System
Blockchain Audit Layer

Adaptive Privacy Controller

Commercial Potential

Hospitals and Healthcare Networks
Financial Institutions

Insurance Companies

Government Agencies

Smart City Operators
Cybersecurity Companies



Current Focus Areas for Intellectual Property Development

1. Federated Learning Algorithms
Novel optimization and personalization techniques for distributed learning.

2. Privacy Protection Frameworks
Advanced privacy-preserving mechanisms for Al collaboration.

3. Secure Aggregation Systems
Robust aggregation protocols resistant to attacks.

4. Blockchain-Based Al Governance
Transparent and auditable distributed Al systems.

5. Trust-Aware Al Networks
Frameworks for evaluating and maintaining trust in collaborative Al ecosystems.

Research-to-Patent Pipeline
Stage 1: Fundamental Research
o Literature Review
e Algorithm Design
o Experimental Validation
Stage 2: Innovation Assessment
e Prior Art Search
o Novelty Analysis
e Technology Evaluation
Stage 3: Prototype Development
e Privacy Framework Design
o Federated Learning Platform
e Blockchain Integration
Stage 4: Intellectual Property Protection
o Patent Drafting

« Design Registration
e Technology Disclosure



Stage 5: Technology Transfer

Licensing
Industry Collaboration

Startup Development

Academic Impact

High-Impact Journal Publications
International Collaborations
Doctoral Research Contributions
Competitive Research Grants

Innovation Impact

Patent Applications
Privacy-Preserving Platforms
Blockchain-Enabled Al Systems
Commercialized Technologies

Societal Impact

Improved Data Privacy

Secure Al Adoption

Better Healthcare Collaboration
Ethical Data Utilization
Trustworthy Al Ecosystems

Research Opportunities for Scholars

Ph.D. Topics

Federated Learning for Healthcare
Privacy-Preserving Deep Learning
Secure Multi-Party Computation
Blockchain-Assisted Al

Trust Management in Distributed Al

Innovation and Patent Topics

Privacy-Aware Federated Learning Frameworks
Secure Aggregation Engines

Federated Al Audit Platforms
Blockchain-Based Trust Systems



Differential Privacy Controllers

Innovation Metrics

Activity Status
Research Publications Active
Book Publications Active
Research Projects Active
Patent Development Ongoing
Prototype Design Ongoing
Industry Collaboration Open
Technology Transfer Planned
Innovations Roadmap
Year Planned Innovation

2026 | Privacy-Preserving FL Framework for Healthcare

2027 | Secure Aggregation Protocol Suite

2028 | Blockchain-Enabled Federated Al Platform

2029 | Adaptive FL for Smart City Ecosystems

Seeking Collaborations

We welcome collaborations from:

Universities

Hospitals and Healthcare Organizations
Financial Institutions

Government Agencies

Al Startups

Cybersecurity Companies

International Research Centers

Potential Funding Agencies

DST

SERB

MeitY

ICMR

DBT

BIRAC

AICTE

Ministry of Electronics and Information Technology
Horizon Europe Programs

Industry-Sponsored Research

Contact: For any queries kindly email at: info@ruksarfatima.in
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