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ABSTRACT

Agriculture plays a vital role in the economic development of India, yet crop productivity is significantly affected by

plant diseases, inefficient irrigation practices, and excessive dependence on manual labour. Early detection of crop
diseases and optimized utilization of water resources remain major challenges for farmers. This paper presents the

design and development of an Agribot for automated agriculture that integrates soil moisture sensing, robotic

movement, and image-based leaf disease detection. The proposed system continuously monitors soil conditions,
automates irrigation based on moisture levels, and detects leaf diseases at early stages using image processing

techniques. By reducing human intervention and enabling precision farming, the Agribot enhances crop yield, conserves

water, and improves overall agricultural efficiency
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1. INTRODUCTION

India’s agricultural sector contributes significantly to
national income and employment.

However, agricultural productivity is adversely affected
by delayed disease detection, inefficient irrigation
practices, and labour shortages. Traditional farming relies
heavily on manual inspection, which is time-consuming
and prone to human error. Excessive or in sufficient
irrigation further leads to reduced crop quality and
wastage of water resources.

Recent advancements in embedded systems, robotics,
and image processing have enabled the development of
auto mated solutions for precision agriculture.

An Agribot can continuously monitor crop conditions,
apply irrigation intelligently, and assist farmers in early
disease detection. This work focuses on developing an
automated Agribot system that addresses these challenges
and supports sustainable farming.

2. METHODOLOGY

Data Ingestion: The Agribot ingests real-time data via
camera-captured leaf images and environmental sensors
(moisture, temperature, humidity), stored with
timestamps and GPS coordinates.

Data Preprocessing: Images are resized, normalized,
and augmented. Sensor data is cleaned for noise and
outliers, then scaled for model compatibility.

Feature Engineering: Color histograms, texture features
(GLCM, LBP), and shape descriptors are extracted from
images.

Statistical features (mean, variance) are derived from
sensor data.

Modeling and Prediction: A hybrid model is used: a
CNN for disease classification and a regression model for
soil health, trained via cross-validation and deployed for
real-time inference.

Visualization and Reporting: A dashboard displays
disecase alerts, soil health metrics, and field maps.
Automated reports (PDF/CSV) and SMS/email alerts are
generated for farmers.

API and Integration: REST APIs allow external system
integration (e.g., farm management software), while Wi-
Fi/Bluetooth enable remote monitoring and control.

3. BLOCK DIAGRAM

The system uses sensors and a camera to monitor crop
conditions. Image processing in MATLAB analyzes plant
health, while a microcontroller controls robot movement,
water and pesticide pumps through motor drivers.
Powered by a battery, it enables automated and efficient
agricultural monitoring and spraying.
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Main Controller: Microcontroller (Arduino/Raspberry
Pi) for hardware control and sensor data acquisition.

Edge Computing Unit: Single-board computer (like
Motor Control: Motor driver circuits (H-bridge)
controlling DC motors for movement and servo motors
for camera/actuator positioning.

3. Communication Layer

Enables data exchange and remote operations:

" Camera ' PCWith MATLAB
( | § »

Mator Driver

Microcontrolier

Temperature | Robot Assembly
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Fig 1. System Block Diagram

4. SYSTEM ARCHITECTURE

The Agribot system is built on a multi-layered,
modular architecture that integrates hardware,
software, and communication systems to enable
autonomous agricultural operations. The architecture is
divided into five layers:

1. Perception Layer

This layer consists of all sensor and data acquisition
hardware:

Vision Module: High-resolution camera with wide-
angle lens for real-time leaf imaging.

Environmental Sensors: Soil moisture sensor,
temperature sensor, humidity sensor, and ambient light
sensor.

Positioning System: GPS module for location tracking
and field mapping.

Obstacle Detection: Ultrasonic sensors for collision
avoidance during navigation.

2. Processing and Control Layer

Core processing units that handle data analysis and
decision-making:

NVIDIA Jetson or Raspberry Pi 4) for on- device image
processing and model inference.

Wireless Modules: Wi-Fi/Bluetooth for short- range
communication, GSM/LoRa for long-range data
transmission.

IoT Gateway: Connects Agribot to cloud services and
mobile applications.

Local Network: Mesh networking capability for multi-
robot coordination in large fields.

4. Cloud and Storage Layer
Remote data management and processing:

Cloud Storage: Secure database
(PostgreSQL/MySQL) for historical data storage.

Analytics Engine: Cloud-based machine learning models
for complex analysis and model retraining.

Web Server: Hosts dashboard and management interface.
5. Application Layer
User-facing interfaces:

Mobile Application: Android/iOS app for farmer control
and monitoring.

Web Dashboard: Real-time visualization of field data,
robot status, and reports.

Alert System: SMS/Email notifications for critical
events.
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compares these values with predefined thresholds and logic rules.
5. Motion Control:

Based on decisions, the microcontroller sends control signals to
motor drivers, which drive the motors to move the robot in the

field.

Syatem Architecture - AgriBot

Fig 2. System Architecture Diagram

5. AUTHENTICATION WORKFLOW

1. Data Collection:

The moisture sensor continuously measures soil
moisture, and the temperature sensor monitors ambient
conditions. Simultaneously, the camera captures real-
time images of crops in the field.

2. Image Processing:

Captured images are sent to a PC running MATLAB,
where image processing and machine learning
algorithms analyze plant health, growth status, or
disease presence.

3. Decision Communication:

The processed results from MATLAB (such as healthy
crop, disease detected, or no action required) are
transmitted wirelessly to the microcontroller.

4. Central Processing:
The microcontroller receives sensor readings and
image-based decisions. It

6.  Irrigation Control:

If soil moisture is below the required level, the
microcontroller activates the motor driver connected
to the water pump to irrigate crops.

7.  Pesticide Spraying:

When disease is detected through image analysis, the
microcontroller activates the pesticide pump via a
motor driver for targeted spraying.

8.  Power Management:

A battery supplies power to the microcontroller,
sensors, motors, pumps, and communication
modules, enabling autonomous operation.

9.  Continuous Monitoring:

The workflow repeats continuously, allowing
AgriBot to monitor, decide, and act automatically for
efficient and precise farming.
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6. CIRCUIT DIAGRAM

. The power supply provides regulated voltage
to all components.

. The PIC microcontroller acts as the main
control unit.

. Sensor signals are conditioned using op-amps
and input circuits.

. Driver and relay stages amplify signals to
control motors or pumps.

. QOutput section interfaces the system with

external devices for actuation.

. Moisture Power
sprinkier Supgly
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g
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Fig 3. Circuit diagram of an Agribot

7. SYSTEM IMPLEMENTATION

1.  Mechanical Structure & Mobility

. The robot is built on a rectangular chassis
mounted on four wheels.

. DC geared motors are attached to the
wheels, enabling forward, backward, and turning
movements.

. A metal support frame at the front provides

stability and space for mounting sensors or spraying

mechanisms.

2. Microcontroller Unit

. An Arduino (microcontroller board) is
mounted at the top of the chassis.

. It acts as the central control unit, processing
sensor inputs and executing control logic.

. All sensors, motor drivers, display, and pumps
are interfaced with this board.

3. Sensor Integration

. Soil moisture sensors (green PCB modules) are
mounted at the front to directly interact with soil.

. These sensors provide real-time soil moisture
readings to the microcontroller.

. Additional  environmental  sensors  (like
temperature) are connected for climate monitoring,.

4. Motor Driver & Actuation

. Motor driver modules are used to control:

o Wheel motors for robot movement

o Pumps for water and pesticide spraying

. Motor drivers amplify low-power control

signals from the microcontroller into high- power motor
operations.

5. Water & Pesticide Pump System

. Small DC pumps are connected for water
irrigation and pesticide spraying.
. Based on moisture levels and disease detection

signals, the microcontroller activates the appropriate
pump.

. This ensures targeted irrigation and chemical
usage, reducing waste.

6. Display & Monitoring

. A 16x2 LCD display is mounted on the chassis.
. It shows live parameters such as:

o Soil moisture level

o Temperature

System status (watering ON/OFF,
spraying ON/OFF)
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7.  Image Processing & Al Support

o A camera module (connected externally)
captures crop images.

. Images are processed on a PC using
MATLAB for disease detection or crop analysis.

. Decision signals from MATLAB are sent back
to the microcontroller for action.

8.  Power Supply System

o A rechargeable battery is mounted centrally
to balance weight.

. It supplies power to:

o Microcontroller

o Sensors

) Motor drivers

o Pumps

. Voltage regulation ensures safe operation of all
components.

9.  Overall Working

1. Sensors collect soil and environmental data.

2. Camera captures crop images for analysis.

3. MATLAB processes images and sends results.
4. Microcontroller analyzes all inputs.

5. Motors move the robot accordingly.

6. Water or pesticide is applied only when
required

8. RESULTS

The final implementation of AgriBot successfully
demonstrates an autonomous and intelligent
agricultural robot. The system accurately monitors soil
moisture and environmental conditions using sensors,
while crop images are analyzed through MATLAB-
based image processing for disease detection.

Based on real-time data and analysis, the microcontroller
efficiently controls robot

movement, water irrigation, and pesticide spraying.

This results in optimized resource usage, reduced
manual effort, and improved crop management,
proving the effectiveness of AgriBot as a smart farming
solution.

Fig 4. Final hardware implementation

9. FUTURE SCOPE

1. Integration of advanced Al/Deep Learning
models for accurate crop disease and yield prediction.

2. Use of IoT and cloud platforms for remote
monitoring, data storage, and analytics via mobile apps.

3. Addition of GPS and
navigation for large-scale field coverage.

autonomous
4. Integration of more sensors (humidity, pH,
nutrient sensors) for precision farming.

5. Solar power support to improve energy
efficiency and sustainability.
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10. CONCLUSION

The AgriBot project successfully demonstrates a smart
and automated agricultural system that integrates
sensors, image processing, and robotic control. By
enabling real-time monitoring, precise irrigation, and
targeted pesticide spraying, the system reduces manual
effort and resource wastage. AgriBot proves to be an
efficient, cost- effective, and scalable solution that
supports modern precision farming and enhances
overall agricultural productivity.
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