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ABSTRACT
Crop diseases are a major challenge to agricultural productivity and sustainable farming. Early
detection and proper treatment of plant diseases are essential to reduce crop loss and improve
yield. Traditional methods of detecting crop diseases mainly depend on manual inspection by
farmers or experts, which can be time-consuming, labor-intensive, and sometimes inaccurate.
This project presents an intelligent robotic system called CropGuard for real-time crop disease
detection and precision pesticide spraying using artificial intelligence and embedded
systems.The proposed system captures images of crop leaves using an ESP32-CAM module
while the robot moves through the farming field. The captured images are processed using a
trained machine learning model that analyzes the plant condition and classifies it into three
categories: healthy crop, low disease infection, or high disease infection. Based on the
classification result, the system automatically activates a precision pesticide sprayer to spray
chemicals only on the affected plants. This targeted spraying method helps reduce excessive
pesticide usage and minimizes environmental damage.The robot is powered by a 12V battery
supported by an 8V solar panel, making it suitable for long-term field operation. Navigation is
controlled using an ESP32 microcontroller and motor driver, and a blue mat placed at the end
of the field helps the robot detect the boundary and return automatically. The proposed system
provides an efficient and low-cost solution for smart agriculture by enabling automated disease
detection, reducing human effort, and improving crop management.
Keywords : ESP32 Cam, Image Processing, Crop Disease Detection, Pesticide Spraying,
Robot move forward, Blue mat.
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1. INTRODUCTION
Agriculture plays a vital role in the global economy and food production system. It supports
the livelihood of millions of people and ensures food security for the growing population.
However, crop diseases remain one of the major challenges affecting agricultural productivity
and crop quality. Diseases such as leaf blight, rust, bacterial spots, and fungal infections can
spread rapidly across farmland and significantly reduce crop yield if they are not detected and
treated at an early stage. Early disease detection is therefore essential to prevent crop loss and
maintain sustainable farming practices.Traditionally, farmers detect crop diseases through
manual inspection of plants or by consulting agricultural experts. Although this approach can
be effective, it is time-consuming, labor-intensive, and often inaccurate. In many rural areas,
farmers may not have easy access to agricultural specialists, which leads to delayed disease
identification and treatment. Another major issue is the excessive use of pesticides. Farmers
often spray pesticides across the entire field without knowing which plants are actually
infected. This results in unnecessary chemical usage, increased production costs, and
environmental pollution.To address these challenges, this project proposes CropGuard, an Al-
powered robotic system designed for real-time crop disease detection and precision pesticide
spraying. The system integrates artificial intelligence, embedded systems, and robotics to
automate disease monitoring and treatment in agricultural fields. CropGuard uses an ESP32-
CAM module to capture images of crops as the robot moves through the farming field. The
captured images are processed using Python-based image processing and machine learning
algorithms to detect disease patterns and analyze the health condition of the plants.

The proposed system operates through the following key steps:
1. Image Acquisition — Capturing crop images using the ESP32-CAM module while the
robot navigates through the field.

2. Image Processing and Analysis — Processing the captured images using Python and
machine learning techniques to detect disease symptoms.

3. Crop Classification — Classifying crops into three categories: healthy crop, low disease
infection, or high disease infection.

4. Precision Pesticide Spraying — Automatically activating a sprayer to treat only the
infected plants.

5. Automated Return System — A blue return mat placed at the end of the field allows the

robot to detect the boundary and return automatically.

The robot is powered by a 12V battery supported by an 8V solar panel, making it suitable for
sustainable field operation. By combining artificial intelligence, Python programming, motion
sensing, and embedded systems, the CropGuard system provides an efficient and low-cost
solution for smart agriculture, early disease detection, and optimized pesticide usage.

Problem Statement

Crop diseases are one of the major challenges faced by farmers, as they can spread quickly and
significantly reduce crop yield and quality. In many farming regions, disease detection is still
done through manual inspection by farmers or agricultural experts. This process is time-
consuming, labor-intensive, and often inaccurate, especially when farmers cannot easily access
expert guidance. Late detection of plant diseases can lead to large-scale crop damage and

978



International Journal of Innovation Studies 10 (1) (2026)
economic losses.Another major issue in agriculture is the excessive and uncontrolled use of
pesticides. Farmers often spray pesticides across the entire field without knowing which plants
are actually infected. This results in unnecessary chemical usage, increased production costs,
and harmful effects on the environment and human health.To address these problems, an
intelligent and automated solution is required for early disease detection and targeted pesticide
application. The proposed system, CropGuard, aims to solve this problem by using artificial
intelligence, image processing, and robotics. The system captures crop images using an ESP32-
CAM module, processes them using Python-based machine learning algorithms, and identifies
whether the plant is healthy or infected.Once a diseased plant is detected, the system
automatically activates a precision pesticide sprayer to spray chemicals only on the affected
plants. A motion sensing module helps the robot navigate safely in the field, while a blue return
mat allows the robot to detect the end of the field and return automatically.By automating
disease detection and pesticide spraying, the CropGuard system helps reduce human effort,
minimize pesticide overuse, and improve crop health. This approach supports smart
agriculture, sustainable farming, and efficient crop management.

2. LITERATURE REVIEW

Recent research in smart agriculture and crop disease detection shows rapid development due
to the integration of Artificial Intelligence (Al), Internet of Things (IoT), and image processing
technologies. These advancements help farmers detect plant diseases early and manage crops
more efficiently.For instance, Mohanty, Hughes, and Salath¢ (2016) developed a deep learning
model using Convolutional Neural Networks (CNN) to identify plant diseases from leaf
images. Their study demonstrated that deep learning can achieve high accuracy in detecting
crop diseases using image datasets, showing the potential of Al in agriculture.Similarly,
Ferentinos (2018) explored deep learning models for plant disease recognition using leaf
images collected from different crops. The research proved that CNN- based systems could
classify multiple plant diseases with high precision, making automated disease detection more
reliable than traditional manual methods.Another study by Too et al. (2019) investigated
different deep learning architectures such as VGG, ResNet, and DenseNet for crop disease
detection. Their results showed that advanced neural network models significantly improve
disease classification accuracy and can support real-time agricultural monitoring systems.With
the development of IoT technologies, researchers have also focused on integrating sensor-based
systems and embedded devices into agriculture. Kulkarni and Patil (2020) proposed an IoT-
based smart farming system that collects environmental data and crop images to monitor plant
health conditions. Their system demonstrated how IloT devices can support automated
agricultural decision-making.Recent work by Zhang et al. (2022) introduced an intelligent
agricultural robot capable of monitoring crop health using cameras and Al algorithms. The
robot can capture plant images and analyze them to detect disease symptoms in real time,
helping farmers take quick action to prevent crop damage.Building on these advancements, the
proposed CropGuard system integrates Al-based disease detection, ESP32-CAM image
acquisition, motion sensing, and automated pesticide spraying into a single robotic platform.
Unlike earlier systems that only detect diseases, CropGuard also performs precision pesticide
spraying, which reduces chemical usage and improves farming efficiency.Overall, previous
research shows a clear shift from manual crop monitoring to Al-driven smart agriculture
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systems. While many studies focus mainly on disease detection using image processing, the
integration of robotics, automation, and precision spraying, as proposed in CropGuard, offers
a more complete solution for modern agriculture. Such systems have the potential to improve
crop productivity, reduce labor effort, and promote sustainable farming practices.

3. WORKING METHDOLOGY

The CropGuard system is designed to automatically detect crop diseases and perform precision
pesticide spraying in agricultural fields. The system integrates several hardware and software
components such as an ESP32 microcontroller, ESP32-CAM module, motor driver, motion
sensing module, pesticide spraying mechanism, and a machine learning model developed using
Python. These components work together to monitor crop health and provide automated
treatment.Initially, the robot is placed in the farming field and powered using a 12V battery
supported by an 8V solar panel. Once the system is activated, the robot begins to move through
the field using motors controlled by the ESP32 microcontroller and motor driver. As the robot
moves, the ESP32-CAM module continuously captures images of the crop leaves.The captured
images are transmitted to the processing system where they are analyzed using Python-based
image processing and machine learning algorithms. The system processes the images by
preparing them for analysis and detecting disease patterns in the leaves. The trained machine
learning model examines the images and identifies symptoms such as color changes, spots, or
damaged leaf areas.After analyzing the images, the system classifies the crop condition into
three categories: healthy crop, low disease infection, or high disease infection. If the plant is
identified as healthy, the robot continues moving and scanning other plants in the field.
However, if a disease is detected, the system activates the pesticide spraying mechanism to
spray chemicals only on the infected plants. This targeted spraying helps reduce excessive
pesticide usage and improves crop protection.A motion sensing module is also included in the
system to detect obstacles or unexpected movement during navigation. This helps the robot
move safely through the field without damaging crops or equipment. At the end of the farming
field, a blue return mat is placed as a marker. The system detects this marker and signals the
robot to stop scanning and return to its starting position.By integrating artificial intelligence,
robotics, and embedded systems, the CropGuard system provides an automated solution for
crop disease detection and precision pesticide spraying. This approach helps reduce manual
labor, minimize pesticide overuse, and improve the efficiency of modern farming practices.

4. PROPOSED METHODLOGY

The proposed CropGuard system improves traditional crop monitoring methods by integrating
artificial intelligence, robotics, and automated pesticide spraying. Unlike conventional farming
practices that rely on manual inspection and uniform pesticide spraying, the proposed system
focuses on real-time disease detection and targeted treatment to improve efficiency and reduce
chemical usage.

1) Overview of Existing Systems

Most existing crop disease detection systems use image processing and machine learning
models to identify plant diseases from leaf images. These systems typically use cameras or
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smartphones to capture images, which are then analyzed using deep learning algorithms. While
these approaches provide accurate disease detection, they still have several limitations:

. Most systems only perform disease detection and do not provide automatic treatment.
. Many solutions require manual image capture by farmers.

. Lack of automation in field monitoring.

. No integration with robotic navigation systems.

. Excessive pesticide spraying across the entire field instead of targeted spraying.

These limitations reduce the practical usability of such systems in large agricultural fields.

2) Proposed Methodology (Enhanced System)
The proposed CropGuard system introduces several improvements to overcome the limitations
of existing solutions.

Step 1: Image Acquisition Using Embedded Camera

The system uses an ESP32-CAM module mounted on a robotic platform to capture crop images
while moving through the farming field. This enables automatic monitoring without requiring
manual image capture.

Step 2: Image Processing and Disease Detection

Captured images are processed using Python-based image processing techniques and a trained
machine learning model. The system analyzes leaf patterns such as color variations, spots, and
damaged areas to detect disease symptoms.

Step 3: Crop Health Classification
The machine learning model classifies the plant condition into three categories:

. Healthy crop
. Low disease infection
. High disease infection

This classification helps determine whether treatment is required.

Step 4: Precision Pesticide Spraying

If a diseased plant is detected, the system activates a pesticide spraying mechanism that sprays
chemicals only on the affected plants. This reduces excessive pesticide usage and protects
healthy crops.

Step 5: Robot Navigation and Obstacle Detection
A motion sensing module helps the robot detect obstacles while moving through the field. The
ESP32 controller manages navigation using motors and motor drivers.

Step 6: Automated Return System
A blue return mat is placed at the end of the field. When the robot detects this marker, it
recognizes that the field scanning process is complete and automatically returns to its starting
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point.By integrating artificial intelligence, embedded systems, robotics, and renewable power
support through a solar panel, the proposed CropGuard system provides an efficient and
automated solution for smart agriculture, improving disease detection accuracy and reducing
pesticide waste.

CONTINUE
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COMPONENT USED

The CropGuard system uses several hardware components that work together to detect crop
diseases and perform precision pesticide spraying in the farming field.The main controller of
the system is the ESP32 DevKit V1, which acts as the brain of the robot. It controls the
robot’s movement, manages communication between all modules, and processes commands
for image capture and spraying operations.An ESP32-CAM module is used to capture images
of crop leaves while the robot moves through the field. These images are analyzed using

Python-based image processing and machine learning algorithms to detect crop diseases and
classify plant health conditions.The L298N motor driver module is used to control the motors
of the robot. It receives control signals from the ESP32 DevKit V1 and manages the speed and
direction of the motors, allowing the robot to move forward, backward, or turn while scanning
crops.The system also includes three indicator LEDs (red, yellow, and green) that display the
health condition of the crop detected by the system. The green LED indicates that the crop is
healthy. The yellow LED indicates a low level of disease infection. The red LED indicates a
high level of disease or a severely damaged crop. These LEDs help visually show the detection
result during operation.For power supply, the robot uses a 12V battery as the main power
source. To support longer operation in the field, an 8V solar panel is used to assist in charging
the battery.A buck converter is used to regulate voltage levels in the system. Since different
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components require lower voltage, the buck converter steps down the voltage from the battery
and provides a stable power supply to components such as the ESP32 and ESP32-CAM
module.By integrating these components, the CropGuard system provides an automated
solution for crop monitoring, disease detection, and precision pesticide spraying, helping
farmers improve crop management and reduce unnecessary pesticide usage.

ALGORITHM

Step 1: Start
Power on the CropGuard robotic system placed in the farming field.

Step 2: Initialize Components

Initialize the ESP32 DevKit V1 controller, ESP32-CAM module, L298N motor driver, motion
sensing module, LED indicators, and pesticide spraying mechanism. Set the parameters for
disease detection using the Python-based machine learning model.

Step 3: Begin Robot Navigation
Activate the motors through the L298N motor driver and start moving the robot through the
farming field to scan crops.

Step 4: Capture Crop Images
Use the ESP32-CAM module to capture images of crop leaves continuously while the robot
moves.

Step 5: Image Processing and Analysis
Send the captured images to the processing system where Python-based image processing and
machine learning algorithms analyze the crop condition.

Step 6: Disease Detection and Classification

Compare the analyzed image with the trained model and classify the crop condition as: Healthy
crop

Low disease infection High disease infection

Step 7: LED Indication

Display the crop condition using LED indicators: Green LED — Healthy crop
Yellow LED — Low disease infection Red LED — High disease infection

Step 8: Precision Pesticide Spraying
If a diseased plant is detected (low or high infection), activate the pesticide spraying mechanism

to spray chemicals only on the infected crop.

Step 9: Field Completion Detection
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Detect the blue return mat placed at the end of the field to identify that the scanning process is
complete.

Step 10: Return to Starting Point
Once the field is fully scanned, the robot automatically returns to its starting position.

Step 11: Stop / Continue Operation
The system continues monitoring and scanning crops until the operation is manually stopped.

Example Case: Crop Condition Classification Using Machine Learning

Analysis
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FIG 1: Crop Condition Detection Using Machine Learning Analysis

In this example:

. From 0 to 3 seconds, the crop analysis confidence values remain between 0.65 to 0.75,
which represents healthy crop condition detected by the machine learning model.

. The disease detection threshold value is set at 0.40.

. At 4 seconds, the crop health score suddenly drops to 0.28, which indicates the presence
of disease symptoms on the crop leaf.

. This drop in value shows that the crop condition has changed from healthy to infected.
. Since the value falls below the threshold, the CropGuard system performs the following
actions:

1. Confirms the presence of a possible crop disease

2 Activates the LED indicator (yellow for low infection or red for high infection)
3. Starts the precision pesticide spraying mechanism
4 Continues monitoring the crop condition while the robot moves through the field

After 4 seconds, the values may return to normal when the robot scans healthy crops again, but
the system has already detected the diseased plant and applied pesticide treatment.

This process helps the system identify infected crops quickly and perform targeted spraying,
reducing pesticide usage and improving crop health management.
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Fig. 3: Crop Disease Classification Results
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4
Fig. 4: Healthy Crop Indication (Green LED) Fig. 5: Low Disease Detection (Yellow LED)
Fig. 6: High Disease Detection (Red LED)

APPLICATION

The CropGuard system has several important applications in modern agriculture and smart
farming. One of its primary applications is in automatic crop disease detection, where the
system continuously monitors plant health and identifies diseases at an early stage. This helps
farmers take quick action to prevent the spread of infections and reduce crop loss.The system
is also useful for precision agriculture, where pesticides are sprayed only on infected plants
instead of the entire field. This targeted spraying reduces excessive pesticide usage, lowers
farming costs, and minimizes environmental pollution.Another important application is in
large-scale farm monitoring, where the robot can automatically move through fields and inspect
crops without requiring constant human supervision. This reduces manual labor and improves
the efficiency of crop monitoring.CropGuard can also be used in research and agricultural
laboratories to study plant diseases and analyze crop health conditions using image processing
and machine learning techniques.In addition, the system is beneficial for smart farming and
IoT-based agricultural systems, where automated technologies help farmers manage crops
more effectively. By combining artificial intelligence, robotics, and embedded systems,
CropGuard supports sustainable farming practices and improves overall agricultural
productivity.

S. CONCLUSION

Crop diseases are one of the major factors that affect agricultural productivity and crop quality.
Delayed detection of plant diseases and excessive use of pesticides often lead to reduced crop
yield, increased farming costs, and environmental damage. Therefore, developing an
automated system for early disease detection and targeted treatment is essential for improving
modern farming practices.The CropGuard system presented in this project provides an
intelligent and efficient solution for crop monitoring and disease management. By integrating
an ESP32 DevKit V1 controller, ESP32-CAM module, motor driver, and machine learning
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algorithms implemented in Python, the system can automatically capture crop images, analyze
plant health, and detect disease conditions in real time. The machine learning model classifies
crop conditions into healthy, low infection, or high infection categories, enabling accurate
disease identification.One of the key advantages of the CropGuard system is its ability to
perform precision pesticide spraying. Instead of spraying chemicals across the entire field, the
system activates the pesticide sprayer only when a diseased plant is detected. This targeted
approach helps reduce pesticide usage, lower farming costs, and protect the environment. The
system also includes LED indicators to display the detected crop condition and a motion
sensing mechanism to ensure safe navigation while the robot moves through the farming field.
The use of a solar panel and battery power supply further supports sustainable operation in
agricultural environments.Overall, the CropGuard system demonstrates the practical
application of artificial intelligence, robotics, and embedded systems in agriculture. It provides
a cost-effective and automated solution for early disease detection, efficient pesticide usage,
and improved crop management. With further improvements such as advanced deep learning
models, cloud-based monitoring, and IoT integration, the system can be expanded into a more
powerful smart agriculture platform.

6. FUTURE ENHANCEMENT

The CropGuard system provides an effective solution for automated crop disease detection and
precision pesticide spraying. However, there is significant scope for further improvements to
make the system more intelligent, efficient, and suitable for large-scale agricultural
applications.One major future enhancement is the integration of IoT and cloud-based
monitoring systems. By connecting the robot to a cloud platform, crop health data such as
detected diseases, time of detection, and field location can be stored and analyzed. This data
can help farmers track crop conditions over time and make better farming decisions.Another
improvement is the use of advanced deep learning models for more accurate disease detection.
By training the system with larger crop image datasets, the model can identify a wider variety
of plant diseases and improve classification accuracy.The system can also be enhanced by
integrating a mobile application. A mobile app can provide farmers with real-time notifications
about crop health, disease detection results, and spraying activity. Farmers can monitor the
robot’s operation and receive alerts directly on their smartphones.In addition, the navigation
system can be upgraded using GPS-based field mapping and autonomous navigation. This
would allow the robot to cover larger farming areas more efficiently and automatically follow
predefined paths within the field.Another important enhancement is the addition of multiple
environmental sensors, such as soil moisture sensors, temperature sensors, and humidity
sensors. These sensors can help monitor environmental conditions that affect crop growth and
disease development.Furthermore, the spraying system can be improved with smart dosage
control, which automatically adjusts the amount of pesticide sprayed based on the severity of
the detected disease. This will further reduce chemical usage and promote sustainable farming
practices.Overall, future enhancements can transform the CropGuard system into a fully
autonomous smart agriculture platform by integrating artificial intelligence, IoT, cloud
computing, and advanced robotics technologies. Such improvements will help farmers increase
crop productivity, reduce labor effort, and promote efficient and sustainable farming methods.
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