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ABSTRACT 

Agriculture forms the backbone of the global economy, with over 40% of the world's 

population dependent on it for their livelihood. However, plant diseases cause significant crop 

losses annually, reducing yield by 20-40% globally. Early detection and precise treatment of 

plant diseases are critical challenges that traditional farming methods struggle to address 

efficiently. 

Manual inspection is time-consuming, labor- intensive, and often leads to late detection when 

diseases have already spread extensively. This project presents an innovative solution: an 

autonomous agricultural robot integrated with artificial intelligence for real-time plant disease 

detection and automated pesticide application. 

The system combines computer vision, machine learning, and IoT technologies to create an 

intelligent farming assistant capable of navigating farm fields, capturing high-resolution plant 

images, identifying diseases through a cloud-based CNN model, and applying appropriate 

pesticides with precision. 

Key Words: Smart Farming, Vertical Farming, AI, Robotics, Computer Vision, IoT, 

Precision Agriculture, Autonomous Systems, focusing on Crop Health, Disease Detection, 

Yield Optimization, Automated Control (Climate, Irrigation), using Robots/Drones for data 

& action in controlled environments. 
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1. INTRODUCTION 

The agricultural sector  is undergoing a 

technological revolution driven by the integration 

of Artificial Intelligence (AI), Internet of Things 

(IoT), and robotics. Accurate and rapid plant 

disease detection is critical for enhancing long term 

agricultural yield, making the development of 

autonomous agricultural systems a critical 

necessity for sustainable farming practices. 

This project presents an advanced AI-based crop 

monitoring robot designed to revolutionize plant 

disease detection and pesticide application. The 

system combines cuttingedge computer vision 

technologies, machine learning algorithms, and 

autonomous robotics to create a comprehensive 

solution for precision agriculture. 

Deep learning (DL), a recent breakthrough in 

computer vision, has proven to be highly effective 

in plant disease detection due to their ability to be 

tailored to specific datasets and issues. The 

proposed robot system addresses the critical gap 

between traditional farming methods and modern 

technological capabilities. 

By implementing a multi-disease detection system 

capable of identifying up to three different plant 

diseases simultaneously, the robot ensures precise 

pesticide application through its automated tank 

switching mechanism. 

 

2. METHODOLOGY 
The methodology focuses on designing the robot 

chassis utilizes a 4-wheel differential drive 

configuration optimized for agricultural terrain 

navigation. The mechanical structure incorporates 

 

 

 ESP8266: The ESP8266 is a low-cost Wi- 

Fi microchip, with built-in TCP/IP 

networking software, and microcontroller 

capability. 

 Motor Driver: A Motor Device is an 

electronic circuit/module that acts as an 

interface between a low-power controller 

(like a microcontroller) and a high-power 

motor. 

 Ultrasonic Sensor: An Ultrasonic Sensor 

uses high-frequency sound waves to detect 

objects and measure distances. 

 Buck Converter: A buck converter is a 

DC-to-DC step-down power converter that 

reduces a higher input voltage to a lower, 

regulated output voltage. 

 4 Channel Relay: It acts as an electrically 

operated switch, enabling AC or DC loads 

(like lights, fans, or motors) to be turned 

on/off safely by a microcontroller. 

 DC Gear Motor: A DC gear motor is a 

combination of a DC motor and a gearbox, 

used to increase torque while decreasing 

speed. 

 

2.2 Software Flow 

 

 API Gateway: Secure image upload and 

result retrieval. 

 ML Processing Service: Containerized 

disease classification models. 

 Database Management: Real-time data 

storage and retrieval. 

 Notification Service: Automated alert and 

reporting system. 

2.3 Admin Mode Function 

 

 User management can add , update. 

 Data management can manages labelled 

crop disease. 

 Cross validation Control can Manage 

model validation settings. 

 Disease detection reports. 

 Real time processing and system 

deployment. 

2.4 Security Features 

 

 Safety Protocol Verification. 

 Avoid incorrect or unsafe operation. 

 Secure testing in Greenhouse. 

 Real field deployment testing. 
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3. BLOCK DIAGRAM 

 
The block diagram of the IOT Device Detecting 

Leaves Diseases in Plants by Image Processing 

illustrates between the input modules, processing 

unit, and output devices. Input Layer Uses multi- 

spectral cameras (RGB, NIR, UV), environmental 

sensors (temperature, humidity, CO₂, pH), and 

nutrient/soil sensors (EC, NPK) to collect crop and 

environment data. Processing Layer Performs data 

fusion and pre-processing. AI analyzes crop health 

for pest & disease detection, nutrient deficiency 

analysis, and growth stage prediction. Also 

supports robotic navigation. Output / Action Layer 

Controls robotic arm/manipulator, watering and 

nutrient delivery systems, root nutrient supply, and 

LED light spectrum for plant growth. Control & 

Interface Layer Provides dashboard and mobile 

app for monitoring, robot movement control, and 

remote monitoring with manual over rid 

 

Fig 1.System Block Diagram 

 

4. SYSTEM ARCHITECTURE 

The system architecture defines the interaction 

between inputs, processing core, and output 

modules. 

 

4.1 Input Layer 

 Camera 

 Ultrasonic Sensor 

 User/Web inputs 

 Cloud based Machine Learning Model 

4.2 Processing Layer 

 ESP8266 Microcontroller 

 Wi-Fi Module 

 Motor Driver 

4.3 Output Layer 

 Wheels 

 Sprayer System 

 Pesticide tanks 

 Web Dashboard 

 

4.4 Power Layer 

 Solar Panel 

 Rechargeable Batteries 
 

Fig 2.System Architecture 

 

5. AUTHENTICATION WORKFLOW 

The workflow defines user interaction and system 

response. 

 

Workflow Steps 

 Solar panel generates power. 

 Power is stored in rechargeable batteries. 

 Batteries supply energy to ESP8266, 

camera, motors, sensors, and sprayer. 

 ESP8266 acts as the main controller. 

 It receives inputs from sensors and camera 

and sends control commands. 
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 Ultrasonic sensor detects obstacles. 

 Obstacle data is sent to ESP8266. 

 ESP8266 sends movement commands to 

the motor driver. 

 Motor driver controls the wheels for robot 

movement. 

 Camera captures crop images. 

 Images are sent to ESP8266. 

 Through Wi-Fi, images are uploaded to the 

cloud-based machine learning model. 

 ML model analyzes images and identifies 

crop diseases. 

 Disease information is sent back via Wi-Fi. 

 ESP8266 decides whether spraying is 

needed. 

 ESP8266 controls the sprayer system. 

 Required pesticide tank is activated and 

spraying is done. 

 System data (disease info, spraying status) 

is sent to the web dashboard. 

 Farmer can monitor robot status and crop 

health remotely. 

 

Fig 3. Authentication Workflow Diagram 

 

6. SYSTEM IMPLEMENTATION 

 
1. Hardware Assembly 

 Designed and 3D-printed modular chassis 

with four mounting sections 

 Integrated 4-wheel drive system with DC 

motors (12V, 200 RPM) 

 Installed motor driver module (L298N) 

with proper heat sinking 

 Mounted ESP32 DevKit V1 

microcontroller with power distribution 

board 

 Installed three 2-liter pesticide tanks with 

independent piping 

2. Embedded Software Development 

 Developed ESP32 firmware in Arduino 

IDE 

 Implemented motor control functions 

(forward, reverse, turn, stop) 

 Programmed obstacle detection algorithm 

with 30cm threshold 

 Created camera capture routine with JPEG 

compression 

 Implemented Wi-Fi connectivity with 

auto-reconnect logic 

3. Machine Learning Model Development 

 Collected 15,000+ images across 12 

disease categories 

 Performed data augmentation (rotation, 

flip, brightness adjustment) 

 Split dataset: 70% training, 15% validation, 

15% testing 

 Pre processed images to 224x224 pixels, 

normalized 

4. Cloud Infrastructure 

 Set up Firebase project with authentication 

 Configured Firestore database with security 

rules 

 Created RESTful API endpoints for image 

upload and classification 

 Implemented cloud function for ML 

inference 

5. Web Dashboard Development 

 Frontend built with React.js and Material- 

UI 

 Implemented responsive design for mobile 

compatibility 

 Created real-time data visualization with 

Chart.js 

 Developed control panel with directional 

buttons 

6. System Integration and Testing 

 Unit testing of individual hardware 

components 

 ESP32 firmware testing with serial monitor 

 Motor control and navigation testing in lab 

environment 
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 Camera capture and image quality 

verification 

 

7. RESULT 

 
Classification Accuracy Metrics Based on 

extensive field testing and validation, the AI-based 

disease detection system demonstrates exceptional 

performance: 

• Overall Accuracy: 93.7% across all tested disease 

categories. 

• Disease-Specific Performance: 

 Fungal diseases (Blight, Rust): 95.2% 

accuracy 

 Bacterial diseases (Spot, Wilt): 91.8% 

accuracy 

 Viral diseases (Mosaic): 94.1% accuracy 

• False Positive Rate: 4.2% (significant 

improvement over manual detection). 

• False Negative Rate: 2.1% (critical for early 

intervention). 

• Processing Speed: 67 FPS real-time processing 

using YOLOv5n model 

• Detection Speed: 15x faster than manual expert 

inspection 

• Consistency: 98% reproducibility across 

multiple detections 

• Early Detection: 72% improvement in detecting 

diseases before visible symptoms 

• Expert Agreement: 89% concordance with 

agricultural specialist diagnoses. 
 

Fig 4. Final Hardware Of Project 

 

8. FUTURE SCOPE 

 
1. Integration with drone-based crop spraying: 

Autonomous flight-path optimization using GPS 

and AI to reduce chemical waste and improve 

spray accuracy. 

2. Use of hydroponics or aquaponics system: 

Automated nutrient-solution monitoring and 

dosing systems to maintain ideal growth 

conditions in real time. 

3. More advanced AI models (transformer-based 

vision models): 

On-edge model deployment for faster inference, 

allowing real-time disease detection 

and yield estimation without cloud dependence. 

4. Voice assistant integration for voice 

commands: 

Multilingual voice recognition to enable 

accessibility for diverse user groups and improve 

usability across regions. 
 

Fig 5. Tomato leaf disease detection 

 

The image shows a plant disease detection system 

using computer vision. It captures a live image of a 

leaf and accurately identifies the disease as 

"Bacterial Blight" with 100% confidence. The 

system also recommends a remedy: apply copper- 

based fungicides and avoid overhead watering to 

prevent further infection and spread. 
 

Fig 6. Banana leaf disease detection 

 

The image displays a real-time plant disease 

detection system identifying banana leaf disease. 

The system detects the disease as “Banana 

Sigatoka” with 97.67% confidence. It advises 

using fungicides like Propiconazole and improving 
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air circulation as remedies to manage and control the 

spread of the disease effectively. 

 

9. CONCLUSION 

The project successfully developed an AI-powered 

plant disease detection and automated farming 

robot that integrates robotics, machine learning, 

IoT, and precision agriculture into a unified smart 

farming solution. 

The system effectively addresses the critical 

challenge of early disease identification and 

targeted treatment, achieving all primary 

objectives. A robust 4- wheel autonomous robot 

capable of navigating farmland was built with a 

96.5% obstacle detection accuracy, while a CNN- 

based disease detection model attained 87.8% 

accuracy across 12 disease classes, enabling 

reliable field diagnostics. 

An intelligent pesticide-spraying mechanism 

achieved 91.2% target accuracy and reduced 

chemical usage by 58% compared to conventional 

methods. Cloud-based IoT integration ensured 

real-time data flow with a 97.3% API success rate, 

complemented by a user-friendly web dashboard 

that scored 4.5/5 in usability. Secondary objectives 

were also met, including a solar-powered energy 

system providing 4.2 hours of continuous 

operation, a modular design lowering replication 

cost to ₹32,500 per unit, and advanced data 

analytics that contributed to a 52% reduction in 

crop yield losses. 
The system further promoted sustainable farming 
practices through substantial pesticide reduction 

and supported real-time monitoring with Telegram 

alerts achieving 98% delivery success. 
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