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Abstract-- Diabetic Retinopathy (DR) is a serious eye disease
caused by diabetes that can lead to blindness if not detected
early. This paper proposes a Hybrid Convolutional Neural
Network (CNN) approach for automatic classification of DR
firom retinal fundus images. The proposed system combines
multiple CNN models to improve feature extraction and
classification accuracy. Image preprocessing techniques such
as noise removal and contrast enhancement are applied before
feeding the images into the model. The hybrid model effectively
classifies images into five stages: Normal, Mild, Moderate,
Severe, and Proliferative DR. Experimental results show
improved accuracy compared to traditional single CNN models,
making the system reliable for early detection and diagnosis.
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[. INTRODUCTION

Diabetic Retinopathy is one of the leading causes of vision
loss worldwide. Early detection is essential to prevent
blindness.  Traditional = manual  diagnosis by
ophthalmologists is time-consuming and requires

expertise.

With the advancement of Deep Learning, Convolutional
Neural Networks (CNNs) have shown excellent
performance in image classification tasks. This project
proposes a Hybrid CNN model that combines the strengths
of multiple CNN architectures to improve detection
accuracy.

1.1 Importance of DR

The project “A Hybrid CNN Approach for Diabetic
Retinopathy Classification” is highly important in the
field of medical imaging and healthcare. Diabetic
Retinopathy is one of the leading causes of blindness
among diabetic patients, and early detection plays a
critical role in preventing vision loss.

This project provides an automated system that helps in
identifying the disecase at an early stage using deep
learning techniques. By using a Hybrid CNN model, the
system improves the accuracy of detection compared to
traditional methods. It reduces the dependency on manual
diagnosis by doctors, which can be time-consuming and
prone to human error.

The proposed system is especially useful in rural and
underserved areas where access to ophthalmologists is
limited. It enables faster screening of patients and supports
doctors in making better decisions. Early detection
through this system can help in timely treatment, thereby
reducing the risk of severe vision damage or blindness.

1.2 Challenges in diabetic retinopathy detection

Diabetic Retinopathy (DR) detection presents several
challenges that impact the accuracy, efficiency, and
reliability of diagnosis systems. These challenges arise
from both medical and computational perspectives.

e Difficulty in early-stage detection
e  Variability in image quality

e Imbalanced datasets

e Complex feature extraction

e  High computational requirements
e  Limited clinical adoption

II. EXISTING SYSTEM

The existing system for Diabetic Retinopathy (DR)
detection primarily relies on manual examination of retinal
fundus images by ophthalmologists. In this approach,
specialists visually inspect the retina to identify
abnormalities such as microaneurysms, hemorrhages, and
exudates. While this method is widely used, it is time-
consuming and highly dependent on the expertise of the
medical professional.
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In addition to manual methods, some automated systems
have been developed using traditional machine learning
and single Convolutional Neural Network (CNN) models.
However, these systems often struggle with limited feature
extraction capabilities and reduced accuracy, especially in
detecting early-stage DR. Furthermore, variations in
image quality, and noise can
significantly affect the performance of these systems. As a

lighting conditions,

result, the existing approaches are not sufficiently efficient
or reliable for large-scale screening and early diagnosis,
highlighting the need for more advanced and accurate
solutions.

2.1 Limitations of Existing System

e Time-consuming
e Lessaccuracy

e Requires experts

III.PROPOSED SYSTEM

The proposed system introduces a Hybrid Convolutional
Neural Network (CNN) approach for the efficient and
accurate classification of Diabetic Retinopathy (DR) from
retinal fundus images. Unlike traditional methods, this
system combines multiple CNN architectures to enhance
feature extraction and improve overall classification
performance.
The system begins with the collection of retinal images,
which are then passed through a preprocessing stage. In
this stage, noise is removed, images are resized, and
contrast is enhanced to improve image quality. The
preprocessed images are then fed into the Hybrid CNN
model, where both low-level and high-level features are
extracted using multiple layers of convolution, pooling,
and activation functions.
The hybrid model integrates the strengths of different
CNN architectures, enabling it to capture detailed patterns
and abnormalities such as microaneurysms, hemorrhages,
and exudates more effectively. After feature extraction, the
classification layer categorizes the images into five stages:
Normal, Mild, Moderate, Severe, and Proliferative
Diabetic Retinopathy.
3.1. Advantages of Proposed System
e High accuracy in classification

Early detection of disease
Automated diagnosis
Reduces human error
Faster processing

Handles large datasets

Improved feature extraction
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IV. RELATED WORK

Several research works have been carried out in the field
of Diabetic Retinopathy (DR) detection using image
processing and deep learning techniques. Earlier
approaches mainly relied on traditional machine learning
algorithms, where handcrafted features were extracted
from retinal images and then classified using methods such
as Support Vector Machines (SVM) and Random Forest.
However, these methods had limited accuracy due to their
inability to capture complex patterns in medical images.
With the advancement of deep learning, Convolutional
Neural Networks (CNNs) have become widely used for
automatic feature extraction and classification of DR.
Many researchers have developed CNN-based models that
significantly improved detection accuracy compared to
traditional techniques. Some studies also explored transfer
learning using pre-trained models like VGG and ResNet to
enhance performance with limited datasets.

V. METHODOLOGY

The methodology of the proposed system focuses on
developing an efficient Hybrid Convolutional Neural
Network (CNN) model for the classification of Diabetic
Retinopathy (DR) using retinal fundus images. The
process begins with the collection of a suitable dataset
containing labeled retinal images representing different
stages of DR.

Initially, the input images undergo a preprocessing stage
where noise is removed, images are resized to a uniform
dimension, and contrast enhancement techniques are
applied to improve image clarity. This step ensures that the
quality of the input data is suitable for accurate analysis.
After preprocessing, the images are passed to the Hybrid
CNN model for feature extraction. The model consists of
multiple convolutional and pooling layers that capture
both low-level and high-level features from the images. By
combining different CNN architectures, the hybrid model
improves the ability to detect subtle abnormalities such as
microaneurysms and hemorrhages.

Following feature extraction, the classification layer
categorizes the images into five classes: Normal, Mild,
Moderate, Severe, and Proliferative Diabetic Retinopathy.
The model is trained using a labeled dataset and optimized
using appropriate loss functions and optimizers to achieve
high accuracy.

Finally, the performance of the model is evaluated using
metrics such as accuracy, precision, and recall. The
methodology ensures a systematic approach to building a
reliable and efficient system for automated DR detection
and classification.
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5.1 Requirement Analysis

The system requirement include:

e Minimum 4 GB RAM system

e Intel i3 processor or higher

e GPU support (optional for better performance)
o Sufficient storage for dataset

e  Python programming language

e TensorFlow and Keras libraries

e OpenCV for image processing

e  Jupyter Notebook / Python IDE

e Labeled retinal image dataset

e  Windows or Linux operating system

5.2 System Design

The system follows a pipeline where retinal images are
taken as input, preprocessed, and passed through a Hybrid
CNN model for feature extraction. The model then
classifies the images into different stages of Diabetic
Retinopathy, and the final output is displayed.

5.3 Implementation

The implementation of the proposed system is carried out
using Python and deep learning libraries such as
TensorFlow and Keras. The retinal fundus images are first
preprocessed using image processing techniques like
resizing, normalization, and noise removal. The Hybrid
CNN model is then built by combining multiple
convolutional layers and architectures to extract relevant
features from the images.

The model is trained using a labeled dataset, where each
image is associated with a specific stage of Diabetic
Retinopathy. During training, optimization techniques and
loss functions are used to improve accuracy. After training,
the model is tested with new images to evaluate its
performance.

Finally, the system provides the classification output,
identifying the stage of Diabetic Retinopathy, which can
assist doctors in diagnosis and decision-making.

5.5 Testing and Validation

The system is tested using unseen retinal images to
evaluate its performance and accuracy. Validation is
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performed using metrics such as accuracy, precision, and
recall to ensure reliable results.

These processes confirm that the model can effectively
classify different stages of Diabetic Retinopathy.

VI. SYSTEM ARCHITECTURE

6.1 Client (Frontend)

The frontend is developed using HTML, CSS, and
optionally JavaScript or a framework like React.js. It
provides a user-friendly interface for uploading retinal
images and viewing classification results. The interface
allows users to interact with the system easily and obtain
predictions.

6.2 Server (Backend)

The backend is implemented using Python with
frameworks such as Flask or Django. It handles image
processing, model integration, and communication
between the user interface and the Hybrid CNN model.
The server processes input images and returns the
classification results.

6.3 Database

The database is used to store retinal images, labels, and
classification results. It maintains structured data for
training and testing the model. Efficient storage and
retrieval of data help improve system performance and
scalability.

VII. SYSTEM MODULES

7.1 Image Input Module
This module collects retinal fundus images from the user

or dataset.It serves as the
classification process.

starting point for the

7.2 Preprocessing Module

This module improves image quality by resizing,
denoising, and enhancing contrast.

It prepares images for accurate feature extraction.

7.3 Feature Extraction Module (Hybrid CNN)
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This module extracts important features using
convolutional layers.It identifies patterns like lesions for
DR detection.

7.4 Classification Module

This module classifies images into DR stages (Normal to
Proliferative).It uses learned features to make accurate
predictions.

7.5 Output Module

This module displays the final classification result to the
user.It helps in diagnosis and decision-making.

VIII. RESULTS AND ANALYSIS

8.1 System Performance

The system provides high accuracy and fast
processing in classifying retinal images.It efficiently
analyzes images and produces reliable results in less time.

8.2 Classification Efficiency

The model classifies images quickly into
different stages of Diabetic Retinopathy.It reduces manual

effort and improves detection speed.
8.3 Data Handling

The system efficiently manages and processes
large datasets of retinal images.It ensures smooth training
and testing of the model.

8.4 User Experience

The system provides a simple and user-friendly
interface for image upload and result viewing.It helps
users easily understand the classification output.

IX. CONCLUSION
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The proposed Hybrid CNN-based system for Diabetic
Retinopathy classification provides an effective and
accurate solution for early detection of the disease.

By combining multiple CNN architectures, the model
improves feature extraction and enhances classification
performance. The system successfully categorizes retinal
images into different stages, helping in timely diagnosis
and treatment.

The results demonstrate that the proposed approach
achieves high accuracy and reliability compared to
traditional methods. It reduces the dependency on manual
diagnosis and minimizes human error. Overall, the system
can serve as a valuable tool for healthcare professionals
and can be further extended for real-time medical
applications.
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