COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 6 2025

GREEN MATRIX (IOT BASED PLANT DISEASES
DETECTION)

Dr. Minaxi Doorwar!, Shweta Vasekar?, Sunny Pawar3, Neha Jadhav*

"Professor, Department of Electronics and Telecommunication, JSPM’s Imperial College Of

Engineering & Research, Wagholi, Pune

234Student, Department of Electronics and Telecommunication, JSPM’s Imperial College Of

Engineering & Research, Wagholi, Pune

Abstract:

GreenMatrix is an innovative plant disease detection and
monitoring system developed to address critical challenges in
agriculture and farming. The project leverages a combination
of hardware and software technologies, including Raspberry
Pi, USB camera, temperature and humidity sensors, and a
web interface to deliver a real-time, intelligent solution for
crop health management. The system allows users to either
upload or capture images of plants, which are then analyzed
using a Convolutional Neural Network (CNN) trained on
diverse plant disease datasets sourced from Kaggle.

GreenMatrix is capable of detecting a wide range of diseases
such as Late Blight, Early Blight, Powdery Mildew, Rust,
Leaf Spot, Mosaic Virus, and more—spanning various crops
including tomato, potato, rice, banana, grape, and citrus
plants. In addition to identifying the disease, the system
displays the current temperature and humidity, the accuracy
of the prediction, recommended treatments, and a
downloadable report for further study.

By providing accurate and timely diagnosis, GreenMatrix
empowers farmers to take early corrective actions, reduce
crop loss, and increase productivity. This solution contributes
to sustainable farming practices, better decision-making, and
improved food security.

1. INTRODUCTION

Agriculture remains one of the most vital sectors in the global
economy, providing food, raw materials, and employment to
billions of people worldwide. Despite its importance, the
sector continues to face significant challenges, one of the
most pressing being plant diseases. These diseases can
severely affect crop yield and quality, leading to economic
losses for farmers and disruptions in the food supply chain.
The traditional methods of identifying and managing plant
diseases are often manual, time-consuming, and dependent on
expert knowledge, which may not always be available in
remote or rural farming regions. This gap between timely
diagnosis and expert intervention often results in delayed
treatment, causing irreparable damage to crops.

In response to this issue, the GreenMatrix project has been
developed as an innovative solution that combines the power
of modern technology with agricultural needs. GreenMatrix
is a smart plant disease detection and monitoring system
designed to identify plant diseases accurately and provide
real-time information on environmental conditions such as
temperature and humidity. The system utilizes a Raspberry Pi
microcontroller as its core component, along with a USB
camera to capture images of plant leaves and sensors to detect
surrounding temperature and humidity levels. These
hardware elements are integrated with a web interface that
allows users to either upload an image or take a real-time
photo of the affected plant.

To ensure accurate detection, GreenMatrix employs a
Convolutional Neural Network (CNN) model trained on a
wide range of plant disease datasets sourced from Kaggle.
This machine learning model has been trained to identify
numerous diseases across different crops, including Late
Blight and Early Blight in tomatoes and potatoes, Downy
Mildew in grapes and cucumbers, Rust in wheat and beans,
Leaf Spot in bananas and strawberries, and many others such
as Mosaic Virus, Citrus Canker, Rice Blast, Clubroot,
Gummosis, and Bacterial Wilt. These diseases are among the
most common and destructive in agriculture, making their
early identification crucial for effective crop management.
Once the image is processed, the system provides a detailed
output that includes the name of the disease detected, the
current temperature and humidity readings, the efficiency or
accuracy of the prediction, and a suggested solution to treat
or manage the disease. Additionally, GreenMatrix generates
a downloadable report that users can refer to for future study
or consultation.

This comprehensive approach not only aids farmers in taking
timely action but also contributes to a deeper understanding
of plant health and environmental factors affecting crop
growth.

What makes GreenMatrix particularly impactful is its user-
friendly design and affordability. By utilizing low-cost
components such as the Raspberry Pi and basic sensors, the
system is both accessible and scalable, making it suitable for
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implementation across small farms, research fields, and
educational institutions. The web-based interface ensures that
users with minimal technical knowledge can operate the
system with ease. Moreover, the ability to analyze real-time
conditions in conjunction with disease detection gives
farmers a holistic view of plant health, allowing them to make
informed decisions and take preventive measures before the
disease spreads further.

GreenMatrix stands out not only as a tool for diagnosis but
also as a contributor to sustainable agricultural practices.
With the growing need for increased food production to meet
global demands, technologies that enhance yield and reduce
crop loss are essential. By providing farmers with accurate,
instant insights into plant health, GreenMatrix helps optimize
resources, reduce dependency on chemical treatments, and
improve crop productivity. This not only benefits the
individual farmer but also has a positive impact on the overall
agricultural ecosystem by promoting healthier farming
techniques.

2. LITERATURE SURVEY

1. Plant Disease Detection and Classification Using
Machine Learning Algorithm (2022, IEEE)
The study applies the ResNet deep learning model to
detect and classify plant diseases using a publicly
available dataset of leaf images. It highlights the
efficiency and accuracy of the ResNet algorithm in
identifying various plant infections. This approach
supports smart agricultural practices by enabling
early detection, improving yield, and providing a
scalable solution to disease identification in diverse
crop environments.

2. Plant Disease Detection Using Deep Learning
(2021, IEEE)
This paper compares transformer-based models and
CNNs for plant disease detection, evaluating their
performance across several datasets. The research
finds that transformer architectures outperform
CNNs in terms of classification accuracy and
generalization capability. It contributes to the
ongoing development of advanced deep learning
tools that enhance agricultural diagnostics and
promote precision farming techniques.

3. Leaf Disease Detection and Classification based
on Machine Learning (2020, IEEE)
The proposed system leverages a CNN-based
algorithm to automate the detection and
classification of leaf diseases with high accuracy. It
is designed to reduce the dependence on human
supervision, thereby saving time and effort. The
study emphasizes the practical utility of such
systems in modern agriculture, showing how
machine learning can help farmers respond to
diseases more quickly and efficiently.

4. An IoT Based Automatic Waste Segregation and
Monitoring System (2022, IEEE)
This paper presents an loT-enabled system designed
for automated waste segregation using a
combination of sensors and actuators. The proposed
system aims to improve waste management in
agriculture and smart cities by identifying and
sorting different types of waste materials in real
time. The system demonstrates practical
implementation  benefits, showing how IoT
technologies can reduce manual labor and increase
accuracy in environmental monitoring and
agricultural practices.

5. Plant Disease Detection System Using

Convolutional Neural Networks and TensorFlow
Lite(2024,IEEE).
This paper presents a CNN-based system capable of
detecting plant diseases and automatically retraining
itself with newly labeled images. It incorporates a
secure, user-friendly interface built with Flask and
Next.js. The approach enhances accuracy over time,
making it a scalable and adaptive solution for
realworld agricultural applications.

3. METHODOLOGY
3.1 Block Diagram
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The Green Matrix Project is an innovative agricultural
monitoring system designed to enhance crop management
using the Internet of Things (IoT) and machine learning (ML)
technologies. The system integrates a Raspberry Pi
microcontroller with various input sensors, a camera, and a
software pipeline for disease detection and environmental
analysis. The following is a detailed explanation of each
component as represented in the system’s block diagram.
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3.2 Circuit Digram

Fig. Circuit Diagram

The circuit diagram illustrates the interconnectedness of
various electronic components centered around the Raspberry
Pi to achieve real-time plant monitoring and automated
disease detection. The core idea is to gather environmental
data (soil moisture, temperature, humidity), visually capture
plant leaves, process this information using the Raspberry Pi
(likely employing the CNN algorithm you mentioned), and
provide feedback through an LCD display and potentially an
audible alert via the buzzer.

The Raspberry Pi acts as the brain of the system, orchestrating
data acquisition from the sensors, processing the captured
images, and controlling the output devices. The breadboard
serves as a prototyping platform, allowing for easy
connection and experimentation with the various components
before a more permanent setup might be implemented.
Jumper wires facilitate the electrical connections between the
Raspberry Pi, sensors, and output modules.

The inclusion of an I12C module for the LCD display is a smart
choice, as it reduces the number of GPIO pins required on the
Raspberry Pi for controlling the display. The temperature and
humidity sensor provides crucial environmental context,
which can be correlated with plant health. The proximity
sensor (while mentioned in the text, it's not clearly visible in
the provided diagram - we'll address this later) would likely
be used for detecting the presence of a plant or perhaps
triggering actions like image capture.

The Pi Camera is central to the disease detection aspect,
capturing the visual data needed for analysis by your CNN
algorithm. The power supply ensures all components receive
the necessary voltage and current to operate correctly.
Resistors are likely used in the circuit to limit current and
protect components, particularly when interfacing with the
buzzer or potentially the sensor data lines if they are analog.

4. SYSTEM DESIGN

4.1 Hardware Design

In modern agriculture, the health and productivity of crops
are paramount for ensuring food security and optimizing
resource use. Traditional methods of monitoring plant health
often rely on manual inspections, which can be time-

consuming and inefficient. With advancements in
technology, there is a growing need for automated systems
that can provide real-time insights into plant health
conditions. The plant disease detection system, which
employs a Raspberry Pi along with various sensors and a Pi
Camera, addresses these challenges by integrating machine
learning algorithms, specifically Convolutional Neural
Networks (CNN), to detect diseases and monitor
environmental factors such as soil moisture, temperature, and
humidity.

This innovative approach not only enhances the efficiency of
monitoring practices but also empowers farmers to make
data-driven decisions that improve crop yields and
sustainability.

e Integrated Monitoring: Combines various sensors
and a camera to provide a comprehensive view of
plant health, allowing for simultaneous monitoring
of multiple parameters.

e  Real-time Data Collection: Enables continuous
tracking of soil moisture, temperature, and humidity,
facilitating timely interventions based on current
conditions.

e  Automated Disease Detection: Utilizes machine
learning with a CNN algorithm to analyze images of
plant leaves, leading to quick identification of
diseases and minimizing crop losses.

e User-Friendly Interface: The LCD display presents
data in an easily interpretable format, making it
accessible for farmers to make informed decisions.

e  Cost Efficiency: Uses affordable components like
Raspberry Pi and sensors, making advanced
technology accessible to farmers, regardless of
scale.

e  Resource Optimization: Provides precise data that
helps in optimizing water and nutrient use,
contributing to sustainable farming practices.

. Scalability and Flexibility: The design can be easily
expanded with additional sensors or features,
adapting to the needs of different farming
operations.

4.2 Software Design

The software design of the Green Matrix(IOT Based Plant
Diseases Detection)follows a layered and modular
architecture to ensure efficient data acquisition, processing,
transmission, and visualization. The system is programmed to
provide real-time monitoring, and remote data access through
machine learning, ensuring comprehensive health tracking in
remote environments.

Platform and Language
e The software will operate on a Raspberry Pi using
the Raspbian operating system, which is a Debian-
based OS optimized for the Raspberry Pi hardware.
e The primary programming language will be Python,
chosen for its ease of use and extensive libraries that
facilitate machine learning (like TensorFlow or
Keras) and sensor interfacing (such as RPi.GPIO
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and Adafruit libraries). Python's versatility allows
for rapid development and efficient handling of
various components in the system.

Machine Learning Model

e The system employs a Convolutional Neural
Network (CNN), a powerful model for image
classification tasks. The CNN will analyze images
taken by the Pi Camera to identify and classify plant
diseases.

e A training dataset consisting of labeled images of
healthy and diseased plants will be used to train the
model. Data augmentation techniques (e.g., rotation,
flipping, and scaling) may be applied to increase
dataset  diversity, improving the model's
generalization capabilities and robustness.

Sensor Integration

e The software will interface with multiple sensors
(soil moisture, temperature, and humidity) using
Python libraries. This integration involves.

e Data Acquisition: The system will continuously
collect readings from the sensors at predetermined
intervals (e.g., every minute) to monitor
environmental conditions affecting plant health.

e Data Processing: Sensor data will be processed in
real-time, allowing the system to provide instant
feedback regarding soil moisture levels,
temperature, and humidity.

User Interface
The system will feature an LCD display that serves as the user
interface. The software will manage this display to provide:

e Real-Time Readings: The current values of soil
moisture, temperature, and humidity will be shown,
enabling users to monitor conditions easily.

e Disease Detection Results: The display will also
indicate the results of the disease detection analysis,
informing users whether the plants are healthy or
diseased.

e User-Friendly Layout: The interface will be
designed for clarity, making it accessible even for
users with limited technical knowledge.

Data Logging and Alert

e The system will implement a data logging
mechanism to store historical readings from the
sensors and disease detection results. This data can
be analyzed over time to identify trends and inform
future decisions regarding plant care.

e An alert system will notify users of critical
conditions, such as detected diseases or unfavorable
environmental parameters (e.g., low soil moisture).
Alerts can be implemented through visual signals
(e.g., blinking lights on the LCD) or audio
notifications, ensuring that users can respond
promptly to any issues that arise.

4.3 Algorithm

Here is a detailed step-by-step algorithm for your plant
disease detection project using Raspberry Pi, Pi Camera,
sensors, and CNN/KNN algorithms.

4.3.1 Plant Image Processing:
Image Capture:
e The Pi Camera captures a real-time image of the
plant.
e This image contains visual information about the
plant’s leaves, including potential symptoms like
spots, discoloration, or wilting.

Image Preprocessing:

e The captured image is resized to fit the input size
required by the machine learning model (e.g.,
224x224 pixels for CNN).

e It is normalized, meaning pixel values are scaled
between 0 and 1, improving the performance of the
model.

e Optional techniques like contrast adjustment, noise
reduction, and grayscale conversion might be
applied to enhance key features of the plant leaves.

4.3.2 CNN (Convolutional Neural Network) Algorithm:

> Feature Extraction:

o CNN uses multiple layers to automatically extract
important features from the image.
o This process involves:

» Convolutional Layers: Filters (kernels) slide over
the image to detect patterns such as edges, textures,
or shapes.

» Activation Functions (ReLU): Introduce non-
linearity to the model, allowing it to learn more
complex patterns.

» Pooling Layers: Reduce the dimensionality of the
feature maps, retaining the most important
information while reducing the computational load.

4.3.3 KNN (k-Nearest Neighbors) Algorithm:
Feature Extraction (Manual):

e Instead of automatic feature extraction like CNN,
KNN typically requires predefined features from the
plant image.

e Features such as color, texture, or shape of the plant
leaves are extracted. This could include things like
the average color intensity or the size and shape of
leaf spots.

e These features form a vector that represents the
image in a feature space.

Distance Calculation:
e In the feature space, the newly captured plant image
is compared to all the images in the training dataset.
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e KNN uses a distance metric (usually Euclidean
distance) to calculate how close the new image is to
each image in the dataset.

4.3.4 Continuous Monitoring and Retraining:
Continuous Monitoring:
e Continuously capture images and sensor data at
regular intervals for ongoing health monitoring.

Retraining (Optional):
e Periodically update or retrain the machine learning
model with new images to improve accuracy as
more data is collected.

4.3.5 Data Logging and Reporting:
e Store the results of each detection (images, sensor
data, and diagnosis) in a local database or cloud
server for future reference and trend analysis.

4.3.6 Display :

Display the result of image on LCD screen showing the name
of disease.

4.4 PCB Design

Raspbarry Fi Caméra Moduie

Raspberry PL_CAM

@ RASPRERRY-PHB-_RASPEERRY F1_46»
Camera Modude Y1.2 ‘1- ELE] svord
£ GPI025041 i
H Gl TN
] YD0G kit i
i ol RADOGRIOLS 43 =J,=—
T 41-Sensir_MODULE HG OFIOIE 1y GND
- 1 i GRO
...... Hile GEN4GRIOZ3 (S
3 GENSGRIO HE
G GO0

B s b e

5

Fig. PCB Design

The PCB (Printed Circuit Board) design for the GreenMatrix
system integrates the core components required for
monitoring plant health conditions and capturing leaf images
for disease detection. This custom-designed PCB focuses on
interfacing the Raspberry Pi 4B+ with environmental sensors
and the camera module.

1. Raspberry Pi 4B+ (Controller Unit)

2. DHT11 Temperature and Humidity Sensor

3. Camera Module v1.2

5. CONCLUSION

The “Green Matrix” offers an innovative and efficient
solution to the growing challenges in modern agricultural.
The intention of this project is to provide a more reliable
method for the farmers to monitor their farm. The purpose
that they need to monitor their farm is because plant disease
is one of the major factors that destroying their
harvest.Identification which is done manually in agricultural
fields, most of the times, happens at the final stage which
could result in economical losses. The main objective of the
project is to automatically detect and identify the plant
disease, which plays a vital role in causing loss at agricultural
fields.

The plant disease is identified by Image processing using the
concept of CNN which is used to zoom the image and identify
the affected part with more accuracy. Later the severity of the
disease is identified by comparing value with the trained
dataset and displaying it. The proposed system will reduce the
manual work and used to increase the yield by identifying the
disease in earlier stage. Hence the loss will be saved and helps
in agricultural field efficiently.

The integration of Convolutional Neural Networks (CNN)
and image processing in the “Green Matrix” system offers a
highly efficient and automated method for detecting plant
diseases with improved accuracy. By analyzing plant images
and identifying affected areas early, the system allows
farmers to take timely actions, significantly reducing the risk
of crop loss. The identification of disease severity based on
trained datasets ensures precise diagnosis, enabling targeted
treatment rather than widespread pesticide use.

This approach not only reduces manual labor but also
contributes to sustainable and cost-effective farming. The
system supports precision agriculture by providing real-time
monitoring and data-driven insights, ultimately helping
farmers improve crop yield, lower input costs, and enhance
overall farm productivity. With its potential to increase food
security and promote environmentally friendly practices, the
"Green Matrix" stands as a significant step toward the future
of smart and resilient agriculture
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