RESEARCH THEME RT-05

AI for Smart Agriculture and Plant Disease
Intelligence

"Empowering Sustainable Agriculture Through
Artificial Intelligence, Computer Vision, and
Precision Farming Technologies."

Research Theme Number: RT-05
Research Maturity Level: Advanced
Research Status: Active
Patent Potential: Very High
Funding Potential: Very High
Industry Relevance: High
Technology Readiness Level (TRL):4-7
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Al for Smart Agriculture and Plant Disease Intelligence
Advancing Sustainable Farming Through Intelligent Crop
Monitoring and Disease Diagnosis

Overview

Agriculture faces significant challenges including plant diseases, pest infestations, climate
variability, resource scarcity, and declining productivity. Artificial Intelligence (Al), Computer
Vision, Deep Learning, and loT technologies provide innovative solutions for improving crop
health monitoring, disease diagnosis, yield prediction, and precision farming.

This research theme focuses on developing intelligent agricultural systems capable of early
disease detection, crop monitoring, smart irrigation management, and data-driven farming
recommendations.

The objective is to improve agricultural productivity while promoting sustainable and
environmentally responsible farming practices.

Current Research Areas

Plant Disease Classification

Leaf Disease Detection

Multi-Crop Disease Recognition
Early Disease Diagnosis
Fine-Grained Disease Classification
Explainable Disease Identification

Computer Vision for Agriculture

Image-Based Crop Monitoring
Fruit and Leaf Classification
Pest Detection

Crop Growth Assessment
Drone-Based Crop Surveillance

Precision Agriculture

Smart Irrigation Systems

Yield Prediction

Soil Health Monitoring
Resource Optimization
Precision Fertilizer Management

Agricultural 10T Systems

e Smart Sensors
e Environmental Monitoring



o Weather-Aware Farming
o Automated Field Monitoring
o Connected Agriculture Platforms

Explainable Agricultural Al

Farmer-Friendly Al Recommendations
Explainable Disease Diagnosis
Decision Support Systems
Agricultural Knowledge Graphs

Featured Research Project

Intelligent Plant Disease Diagnosis Platform

Objective

To develop a deep learning-based decision support system capable of accurately identifying
plant diseases from leaf images and providing explainable recommendations for disease
management.

Methods Used

Convolutional Neural Networks (CNNSs)
Vision Transformers (ViTs)

Transfer Learning

Explainable Al (Grad-CAM)

Image Augmentation

Expected Outcomes

Early disease detection

Improved crop health

Reduced pesticide usage

Increased agricultural productivity
Enhanced farmer decision-making

Key Research Challenges

Variability in field conditions

Limited labeled agricultural datasets
Disease similarity across crops
Explainability of Al recommendations
Real-time deployment on mobile devices
Environmental variability



Research Impact

Improved crop productivity
Reduced economic losses
Sustainable farming practices
Enhanced food security
Better resource utilization
Increased farmer profitability

Publications Related to This Theme

Potential Publications

Deep Learning-Based Plant Disease Classification Systems
Vision Transformers for Crop Disease Diagnosis
Explainable Artificial Intelligence for Precision Agriculture
Smart Farming Through Al and IoT Technologies

More Publications —

Technologies Used

Category Technologies

Programming Python

Deep Learning | TensorFlow, PyTorch

Computer Vision | OpenCV

Data Analysis Pandas, NumPy

Explainability SHAP, Grad-CAM, LIME

loT Platforms Arduino, Raspberry Pi

Visualization Matplotlib, Plotly

Opportunities for Students

We Welcome
e« Ph.D. Scholars
¢ M.Tech Students
e B.Tech Final-Year Projects
e Research Interns

Potential Topics

Plant Disease Classification
Explainable Agricultural Al
Precision Farming Systems
Agricultural 10T



e Drone-Based Crop Monitoring
e Smart Irrigation Systems

Principal Investigator

Dr. Ruksar Fatima

Professor | Researcher | Author

Specializations

Artificial Intelligence « Machine Learning « Computer Vision ¢ Healthcare Al ¢
Deep Learning * IoT Applications

Current Status

@ ACTIVE RESEARCH PROGRAM

Collaborations and research proposals are welcome.



Innovation and Patent Opportunities

Overview

This innovation stream focuses on developing Al-enabled agricultural technologies capable
of improving crop productivity, disease management, irrigation efficiency, and farming
sustainability.

These technologies have significant commercialization potential for agricultural enterprises,
agritech startups, and government-supported farming initiatives.

Research Pillars

Plant Disease Intelligence

Al Disease Detection Systems
Explainable Diagnosis Engines
Disease Severity Assessment
Mobile Disease Identification Tools

Precision Agriculture Systems

Smart Irrigation Controllers
Yield Forecasting Systems
Resource Optimization Engines
Farm Analytics Platforms

Agricultural 10T Solutions

Smart Sensor Networks
Environmental Monitoring Platforms
Connected Farming Ecosystems
Real-Time Crop Monitoring

Autonomous Agriculture

e Drone-Based Crop Inspection

« Intelligent Pest Detection

e Al-Assisted Farm Management

e Agricultural Robotics Integration
Objective

To create a comprehensive mobile and cloud-based platform capable of diagnosing plant
diseases, predicting disease progression, and recommending corrective actions.



Innovative Features

« Real-Time Disease Detection

+ Explainable Diagnosis Reports

+ Mobile Application Integration

+ Cloud-Based Monitoring

« Farmer-Friendly Recommendations

« Disease Severity Prediction

Potential Patentable Components

Hybrid Plant Disease Classification Framework
Explainable Agricultural Diagnosis Engine
Smart Crop Advisory System

Disease Progression Prediction Model
Precision Farming Recommendation Platform

Commercial Potential

Agritech Companies

Agricultural Cooperatives
Government Agriculture Departments
Seed Companies

Precision Farming Startups

Smart Farming Enterprises



Patent and Innovation Opportunities

Current Focus Areas for Intellectual Property Development
Al Disease Classification Systems
Novel methods for plant disease diagnosis using deep learning.

1. Explainable Agricultural Intelligence
Transparent disease prediction and recommendation systems.

2. Smart Irrigation Platforms
Automated irrigation and resource management technologies.

3. Agricultural 10T Systems
Connected crop monitoring and decision-support solutions.

4. Drone-Assisted Agriculture
Autonomous crop inspection and disease surveillance systems.

Research-to-Patent Pipeline

Stage 1: Fundamental Research
o Dataset Development

e Algorithm Design
o Experimental Validation

Stage 2: Innovation Assessment
e Prior Art Search

« Novelty Analysis
e Technology Evaluation

Stage 3: Prototype Development
« Mobile Application Development
e |oT Integration
e Cloud Platform Design
Stage 4: Intellectual Property Protection

o Patent Drafting
o Design Registration



e Technology Disclosure

Stage 5: Technology Transfer

e Licensing
o Startup Development
e Industry Partnerships

Expected OQutcomes

Academic Impact

High-Impact Publications
International Collaborations
Doctoral Research Contributions
Competitive Research Funding

Innovation Impact

o Patent Applications

« Mobile Agricultural Platforms

e Precision Farming Technologies

o Commercialized Agricultural Solutions

Societal Impact

Improved Food Security
Sustainable Agriculture

Reduced Crop Losses

Increased Farmer Income

Better Environmental Stewardship

Research Opportunities for Scholars

Ph.D. Topics

Vision Transformers for Plant Disease Classification
Explainable Agricultural Al

Smart Irrigation Systems

Agricultural 10T Platforms

Drone-Based Disease Monitoring

Disease Severity Prediction Models

Innovation and Patent Topics



Al Crop Advisory Systems

Disease Prediction Engines

Explainable Plant Diagnosis Frameworks
Smart Irrigation Controllers
Autonomous Crop Monitoring Systems

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 Plant Disease Diagnosis Framework

2027 Smart Crop Advisory Platform

2028 Precision Irrigation Management System

2029 Autonomous Agricultural Intelligence Suite

Seeking Collaborations

We welcome collaborations from:

Agricultural Universities

Agritech Startups

Government Agriculture Departments
Research Institutions

Agricultural Cooperatives

Smart Farming Organizations

International Agricultural Research Centers

Potential Funding Agencies

ICAR
DST
SERB
DBT
BIRAC
MeitY




AICTE

Ministry of Agriculture & Farmers Welfare
NABARD

Industry-Sponsored Research

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



