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I. INTRODUCTION

Agriculture plays a vital role in the economic
development of countries like India, where a large portion
of the population depends on farming for their livelihood.
Among various crops, banana is one of the most widely
cultivated fruits due to its nutritional value and economic
importance. However, banana plants are highly susceptible
to diseases such as Cordona leaf spot, Panama disease, and
Sigatoka, which can significantly reduce crop yield and
quality.

Traditional methods of plant disease detection rely on
manual inspection by farmers or agricultural experts. This
approach is time-consuming, labor-intensive, and often
inaccurate due to human error and lack of expertise,
especially in rural areas. Early detection of plant diseases is
crucial to prevent their spread and minimize economic
losses.

This project proposes a banana leaf disease detection
system using a CNN-based model. The system is designed
to classify images of banana leaves into four categories:
Healthy, Cordona, Panama Disease, and Yellow and Black
Sigatoka. The model is trained using a labelled dataset and
is capable of extracting relevant features automatically
from input images.

To enhance usability, a web-based application is
developed using the Flask framework. The application
allows wusers to upload images and receive instant
predictions along with confidence scores. This reduces
dependency on manual inspection and enables timely
decision-making for disease management.

In conclusion, the proposed system aims to provide an
efficient, accurate, and user-friendly solution for banana leaf
disease detection. By integrating deep learning with web
technologies, the system contributes to improving

Il. LITERATRUE SURVEY

The application of advanced computational techniques in
agriculture has significantly improved plant disease detection
systems. This section reviews existing methods and
technologies used for identifying plant diseases, highlighting
their advantages and limitations.

Early approaches to plant disease detection were based on
traditional image processing techniques such as color analysis,
edge detection, and texture feature extraction. These methods
relied on manually designed features and classifiers like
Support Vector Machines (SVM) and k-Nearest Neighbors
(KNN). Although these approaches achieved moderate
accuracy, their performance was limited due to sensitivity to
environmental conditions and dependency on handcrafted
features [1].

The advancement of Machine Learning, researchers
developed improved classification models using statistical
learning techniques. These models were trained on labeled
datasets to identify disease patterns. However, they still
required manual feature extraction, which limited their
scalability and adaptability to complex datasets [2].
advancement of technology has significantly  transformed
the education sector, leading to the development of various e-
learning systems and platforms. Several studies and existing
systems have contributed to the design and improvement of
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online learning environments.

The introduction of Deep Learning has revolutionized the field
of image-based disease detection. Deep learning models
automatically learn hierarchical features from raw image data,
eliminating the need for manual feature engineering. Among
these models, the Convolutional Neural Network (CNN) has
shown superior performance in image classification tasks.
CNN architectures such as AlexNet, VGGNet, and ResNet
have achieved high accuracy in plant disease detection
applications [3], [4].

In addition to classification, object detection techniques such
as YOLO (You Only Look Once) have been widely used to
identify and localize disease regions within plant images.
YOLO provides real-time detection and is capable of detecting
multiple objects in a single image, making it suitable for
practical agricultural applications [5].

Recent studies have focused on integrating deep learning
models into user-friendly platforms. Web-based applications
developed using frameworks like Flask enable users to upload
images and receive instant predictions. These systems bridge
the gap between complex algorithms and real-world usability,
particularly for farmers and agricultural workers [6].

Despite significant advancements, challenges such as limited
dataset diversity, environmental variations, and computational
requirements still affect system performance. Therefore,
further research is needed to develop more robust and scalable
solutions.

In summary, the literature survey indicates that deep learning-
based approaches, especially CNN models, provide the most
effective and reliable solution for plant disease detection. The
proposed system builds upon these advancements to develop
an accurate and user-friendly banana leaf disease detection
system.

I11.PROPOSED METHODOLOGY

A. System Overview

The system is designed to detect and classify banana leaf
diseases from input images. It follows a structured pipeline
consisting of image acquisition, preprocessing, feature
extraction, classification, and result display. The core
classification task is performed using a Convolutional
Neural Network (CNN).

B. Image Acquisition
The first step involves collecting banana leaf images
from available datasets or real-time sources. These images
are categorized into four classes:
e Healthy
e Cordona
e Panama Disease

e Yellow and Black Sigatoka

The dataset is divided into training and testing sets for

model development and evaluation
C. Image Preprocessing

Before feeding images into the model, preprocessing is
performed to improve accuracy and consistency:

e Resizing images to 224 x 224 pixels
e Normalizing pixel values (0-1 range)
e Removing noise and irrelevant background

Preprocessing ensures uniformity and enhances the
performance of the model.

D. Model Development
The classification model is developed using a
Convolutional Neural Network (CNN). The CNN

architecture includes:

e Convolutional Layers: Extract features from input
images

e Pooling Layers: Reduce dimensionality
e Fully Connected Layers: Perform classification

The model is trained using labelled data and optimized
using appropriate loss functions and optimizers

E. Model Training and Testing

The dataset is split into training and testing subsets.
During training, the model learns patterns associated with
different disease classes. The trained model is then
evaluated using test data to measure accuracy and
performance.

F. Prediction Process
Once trained, the model is used for prediction:
1. User uploads an image
2. Image is pre-processed
3. Processed image is passed to the trained model
4. Model predicts the disease class
5. Confidence score is generated
G. Web Application Integration

The trained model is integrated into a web application
developed using Flask. The application provides:

e Image upload functionality
e Real-time prediction

e Display of results with confidence score
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This ensures accessibility for non-technical users.

H. Workflow Summary

The overall workflow of the system is as follows:
1. Input image acquisition
2. Image preprocessing
3. Feature extraction using CNN
4. Disease classification
5. Resultdisplay
IV.VARIOUS MODULES

The proposed banana leaf disease detection system
is designed using a modular approach to ensure
flexibility, scalability, and ease of maintenance.
Each module performs a specific function, and
together they form a complete system for accurate
disease detection using Deep Learning techniques.

A. User Interface Module

The User Interface  Module provides
interaction between the user and the system.
It is developed using Flask and allows users
to upload banana leaf images easily. The
interface is designed to be simple and user-
friendly, ensuring accessibility for non-
technical users such as farmers.

B. Image Acquisition Module
This module is responsible for obtaining input
images from the user. Images can be uploaded
through the web interface or collected from
datasets. The module ensures that the input is
in a valid image format before processing.

C. Image Preprocessing Module
The preprocessing module prepares the input
image for analysis. It includes operations such
as:
e Resizing images to 224 x 224 pixels
e Normalizing pixel values
e Removing noise and inconsistencies
These steps improve the performance of the
Convolutional Neural Network (CNN) by
ensuring uniform input.
D. Feature Extraction Module
Feature extraction is automatically handled by the
CNN model. The system extracts important
features such as color, texture, and patterns
from the leaf images. This eliminates the need
for manual feature engineering and improves
classification accuracy.

E. Classification Module
The classification module uses the trained CNN
model to categorize the input image into one
of the predefined classes:

Healthy

Cordona

Panama Disease

Yellow and Black Sigatoka

The model generates prediction probabilities and
identifies the class with the highest
confidence score.

F. Result Display Module
This module displays the output to the user. It
shows:
e Predicted disease name
e Confidence percentage
e Uploaded image preview
The results are presented clearly for easy
understanding.

G. Error Handling Module

The system includes an error handling mechanism
to ensure robustness. It manages:

Invalid file uploads

Missing files

Corrupted images

Model loading errors

Appropriate error messages are displayed to guide
the user.

V.ARCHITECTURE DIAGRAM
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Fig. 1. System Architecture for Banana Leaf Disease Detection.

ol
ﬁ \\
(Farmer /

VI.VARIOUS PHASES AND METHODOLOGIES
Various Phases and Methodologies

The development of the banana leaf disease detection system
is carried out through a series of well-defined phases. Each
phase contributes to the overall functionality and accuracy of
the system by integrating image processing and Deep Learning
techniques.

A. Data Collection Phase

In this phase, banana leaf images are collected from various
sources such as datasets and field images. The images are
categorized into four classes: Healthy, Cordona, Panama
Disease, and Yellow and Black Sigatoka. Proper labelling of
data is essential for supervised learning.
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B. Data Preprocessing Phase
The collected images are pre-processed to ensure uniformity
and improve model performance. The preprocessing steps
include:

e Resizing images to 224 x 224 pixels

e Normalizing pixel values

e Removing noise and irrelevant background
This phase ensures that the input data is consistent for training
the Convolutional Neural Network (CNN).

C. Model Development Phase

In this phase, the CNN model is designed and
implemented. The architecture consists of:

e Convolutional layers for feature extraction

e Pooling layers for dimensionality reduction

e Fully connected layers for classification
The model automatically learns features from images,
eliminating the need for manual feature extraction.

D. Training Phase

The model is trained using the prepared dataset. During
training:

e  The model learns patterns from labelled images

e Lossand accuracy are monitored

e Hyperparameters are tuned for better performance
The trained model is saved for later use in prediction.

E. Testing and Validation Phase

The trained model is evaluated using test data to measure its
performance. Metrics such as accuracy and prediction
confidence are used to assess effectiveness. This phase ensures
that the model generalizes well to new data.

F. Deployment Phase

The trained model is integrated into a web application
developed using Flask. The application allows users to upload
images and obtain predictions in real time.

G. Prediction Phase
In this phase:
1. User uploads an image
2. Image is pre-processed
3. Model predicts the disease class
4. Result is displayed with confidence score

VII. PSEUDOCODE AND IMPLEMENTATION

This section describes the algorithmic steps and
implementation details of the proposed banana leaf disease
detection system. The system is implemented using Deep
Learning techniques and deployed through a web application.

1. Pseudocode
BEGIN
1. Load trained CNN model (model.h5)

2. START application
3. WAIT for user to upload image

4. IF image is uploaded THEN

a. Validate image file

b. Read image using OpenCV

c. Resize image to 224 x 224

d. Normalize pixel values (0-1)

e. Reshape image for model input
5. Perform prediction using CNN model
6. Find class with highest probability
7. Calculate confidence score
8. Display:

- Predicted class

- Confidence percentage

VII. INPUT & OUTPUT
A. Input
The input to the system consists of digital images of
banana leaves. These images are provided by the user through
a web interface developed using Flask.
<& Input Specifications:
e  Type: Image file
e Formats Supported: JPG, JPEG, PNG
e Content: Banana leaf images (healthy or diseased)
e Source: Dataset or real-time captured images
e Size Constraint: Maximum 16 MB
Before processing, the input image is validated and pre-
processed to meet the requirements of the Convolutional
Neural Network.

B. Input Processing

Once the image is uploaded, the system performs the
following steps:

1. Image validation (file type and size)

2. Image reading using OpenCV

3. Resizing to 224 x 224 pixels

4. Normalization of pixel values

5. Conversion into model-compatible format
C. Output

The output of the system is the classification result generated
by the trained CNN model.
< Output Details:
e Predicted Class:
o Healthy
o Cordona
o Panama Disease
o Yellowand Black Sigatoka
e Confidence Score:
Percentage indicating prediction accuracy
e Image Display:
Uploaded image preview

2. Output
The system processes the input data and provides meaningful
outputs in the form of dashboards, reports, and user interfaces.
A. Admin Outputs

e Total users, active learners, and enrolments
Graphical reports (charts, heat maps, funnel analysis)
User activity insights and trends
System performance reports
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IX.RESULT AND DISCUSSION

This section presents the experimental results
obtained from the proposed banana leaf disease
detection system and provides an analysis of its
performance. The system is evaluated based on
accuracy, prediction capability, and overall efficiency
using Deep Learning techniques.

A. Experimental Setup

The model is developed using Python and trained
with labelled banana leaf images categorized into
four classes: Healthy, Cordona, Panama Disease, and
Yellow and Black Sigatoka. The implementation
utilizes TensorFlow and is deployed through a web
interface using Flask.

The dataset is divided into training and testing sets to
evaluate model performance.

B. Performance Evaluation

The system performance is evaluated using the
following metrics:

e Accuracy: Measures the percentage of correct
predictions

e Confidence Score: Indicates the reliability of
predictions

e Response Time: Time taken to generate output
The use of a Convolutional Neural Network (CNN)
enables high accuracy in classification tasks.

C. Results

The model demonstrates strong performance across
all four classes. The system is capable of correctly
identifying both healthy and diseased leaves with
high confidence.
<& Observations:

e High accuracy in distinguishing between healthy and
infected leaves

o Reliable classification of major diseases

o  Fast response time for prediction

e  Consistent performance across multiple test samples

D. Sample Output Analysis

When a banana leaf image is uploaded:

e  The system preprocesses the image

e  The CNN model predicts the disease class

e The output is displayed along with a confidence score
For example:

e Input: Diseased leaf image

e Output: Panama Disease (Confidence: ~92%)
This demonstrates the effectiveness of the system in
real-time scenarios.

E. Discussion
The results indicate that deep learning-based
approaches significantly outperform traditional
methods. The ability of CNN models to automatically
extract features enhances classification accuracy and
reduces manual effort.

However, the system performance may vary
depending on:

e Image quality

e Lighting conditions

e Background noise
Despite these limitations, the system provides reliable
and efficient disease detection.

F. Advantages Observed
e High prediction accuracy
Fast processing time
User-friendly interface
Reduced dependency on manual inspection

X.SCREENSHOTS, CHARTS, AND GRAPHS

XI.CONCLUSION

The proposed banana leaf disease detection system
successfully demonstrates the application of Deep Learning
techniques in the field of agriculture. By utilizing a
Convolutional Neural Network (CNN), the system is capable
of accurately classifying banana leaf images into different
disease categories.

The system effectively addresses the limitations of
traditional manual disease detection methods, which are time-
consuming and prone to human error. The integration of image
preprocessing techniques and a trained CNN model ensures
high accuracy and reliable predictions. Furthermore, the
development of a web-based interface using Flask makes the
system easily accessible and user-friendly, even for non-
technical users.

Experimental results indicate that the system
performs efficiently in identifying both healthy and diseased
leaves with good confidence levels. The system reduces the
dependency on agricultural experts and enables early detection
of diseases, which is crucial for preventing crop loss and
improving productivity.

In conclusion, the proposed system provides a cost-
effective, accurate, and scalable solution for banana leaf
disease detection. It highlights the potential of deep learning
technologies in modernizing agricultural practices and
supporting farmers in making informed decisions.
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