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ABSTRACT- Diabetic retinopathy (DR) is
a serious complication of diabetes that can
lead to vision loss and blindness. Early
detection and proper identification of the
disease's severity are crucial to prevent
permanent vision damage and improve
patient outcomes. This research introduces
an automated system that uses deep learning
to improve the accuracy and efficiency of
detecting diabetic retinopathy from retinal
fundus images. The system uses multiple
neural network models, like Convolutional
Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs), to analyze retinal
images and classify them into five
categories: Healthy, Mild, Moderate, Severe,
and Proliferative Diabetic Retinopathy. The
process includes image preparation, feature
extraction, sequential processing, and final
classification using a Softmax layer. The
trained model is used in a Flask-based web
application, allowing users to upload retinal
images and get real-time diagnostic results.
The system outperforms traditional machine
learning methods in accuracy, precision, and
reliability. This system can be used for
large-scale screening and support healthcare
professionals, especially in remote areas.
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I. INTRODUCTION

Diabetic retinopathy (DR) is a major
complication of diabetes that damages the
retina's blood vessels, causing progressive
vision loss and, in severe cases, permanent
blindness. With the rising number of
diabetes patients globally, DR has become
one of the leading causes of preventable
blindness. Early and accurate detection is
key to timely treatment and preventing
irreversible vision loss. Traditional methods
for diagnosing DR involve manual
examination of retinal fundus images by
ophthalmologists. Though accurate, this
method is time-consuming, requires expert
knowledge, and is not efficient enough to
meet the needs of large-scale screening,
especially in rural or underserved areas
where specialists are scarce. Recent
advances  in artificial  intelligence,
particularly deep learning, have shown
promise in automating medical image
analysis. Convolutional Neural Networks
(CNNs) have been effective in visual
recognition, and when paired with Recurrent
Neural Networks (RNNs) for sequential
analysis, they create a strong framework for
identifying subtle retinal changes across
various disease stages. This paper introduces
an automated system for detecting and
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classifying diabetic retinopathy using a
hybrid deep learning approach combining
Region-based Convolutional Neural
Networks (RCNN) and Recurrent Neural
Networks (RNN). The system processes
retinal images through a structured pipeline
involving preprocessing, feature extraction,
and multi-class classification, and is
deployed as a web application for real-time
use. The system aims to help
ophthalmologists with early screening,
reduce the workload of diagnosis, and
support accessible healthcare.

II. PROBLEM STATEMENT

Diabetic retinopathy (DR) is a leading cause
of vision loss worldwide, especially among
people with long-term diabetes. Early
detection is essential to prevent permanent
vision loss, but traditional diagnosis depends
on manual examination of retinal images by
ophthalmologists. This process is slow,
requires significant resources, and can be
error-prone. In many rural and resource-poor
areas, the lack of trained specialists delays
diagnosis and treatment.Existing automated
methods based on traditional machine
learning, such as Gradient Boosting, often
need manual feature extraction and may not
achieve high accuracy with large and
complex retinal image sets.Therefore, there
1s a need for an efficient, accurate, and
scalable automated system that can detect
and classify diabetic retinopathy at varying
severity levels using advanced deep learning
methods. Such a system can support early
diagnosis, reduce the workload for
diagnosing, and enhance healthcare access.

II1. RELATED WORK

Many researchers have explored using
image processing, machine learning, and
deep learning to improve the detection and
diagnosis of diabetic retinopathy using
retinal fundus images. These automated
systems help ophthalmologists identify
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disease symptoms more accurately and
efficiently, saving time during manual
exams.Alzami et al. proposed a method for
classifying diabetic retinopathy based on
fractal analysis and the Random Forest
classifier using the MESSIDOR dataset.
Their system analyzed retinal blood vessels
using fractal dimensions and could
distinguish healthy individuals from those
with diabetic retinopathy. However, their
approach had limitations in accurately
classifying different severity levels of the
disease.Leela Jancy and Latha developed a
deep learning method for diagnosing
diabetic ~ retinopathy = using  Optical
Coherence Tomography (OCT) images.
Their research showed that deep learning
can effectively analyze retinal abnormalities
and highlighted the importance of image
segmentation  for  accurate  disease
identification.Prentasic et al. introduced a
diabetic retinopathy image database called
DRiDB for automated screening. The
database includes retinal fundus images with
detailed annotations of structures and
disease features, enabling researchers to
design and test reliable image processing
methods for early detection.Gautam and
Jana proposed an automated diagnostic
system using image processing to detect
abnormalities like hard exudates, cotton
wool spots, and lesions in retinal images.
Their system showed that computer-based
methods can assist doctors in early diagnosis
while reducing time and cost.Akter et al.
developed a morphology-based approach for
detecting exudates in retinal fundus images
using morphological 1image processing.
Their technique performed well in
identifying disease indicators and improving
the accuracy of diabetic retinopathy
detection. Although existing systems have
improved the detection of diabetic
retinopathy, challenges like image quality
variation, limited datasets, and difficulty in
identifying early-stage lesions remain.The
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proposed system addresses these issues by
using advanced deep learning to enhance
diagnostic accuracy and support early
disease detection.

IV. PROPOSED SYSTEM

The proposed system presents an intelligent
deep learning-based approach for the
automated detection and classification of
diabetic retinopathy using retinal fundus
images. The system is designed to assist
healthcare professionals in early diagnosis
and improve treatment outcomes by
providing accurate and reliable disease
predictions. The primary objective of the
system is to reduce manual diagnostic effort
and support efficient screening of diabetic
retinopathy in clinical and remote healthcare
environments.

The proposed model utilizes advanced deep

learning techniques, including
Convolutional Neural Networks (CNN),
Region-based Convolutional Neural

Networks (RCNN), and Recurrent Neural
Networks (RNN), to analyze retinal images
and identify disease patterns. These models
enable the system to learn complex visual
features such as blood vessel abnormalities,
microaneurysms, hemorrhages, and
exudates, which are key indicators of
diabetic retinopathy. The system is capable
of classifying retinal images into five
severity stages: Healthy, Mild, Moderate,

Severe, and Proliferative Diabetic
Retinopathy.
Normal onllhnuvo

The system follows a structured workflow
consisting of several processing stages,
including image acquisition, preprocessing,
feature extraction, classification, and result
generation. Image preprocessing techniques
such as resizing, normalization, and noise
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removal are applied to enhance image
quality and improve model performance.
These preprocessing operations ensure
consistent input data for the deep learning
model and increase prediction accuracy.
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After preprocessing, the system performs
feature extraction using deep learning
models to identify important patterns and
abnormalities in retinal 1images. The
extracted features are then analyzed by a
Recurrent Neural Network (RNN), which
captures both spatial and sequential
information to improve classification
performance. The final -classification is
performed using a Softmax layer that
generates probability scores for each disease
stage and selects the class with the highest
probability as the predicted result.

The trained model is integrated into a web-
based application developed using the Flask
framework, allowing users to upload retinal
images and receive real-time diagnostic
results. This user-friendly interface enables
efficient interaction with the system and
supports practical deployment in hospitals,
clinics, and remote healthcare settings. The
proposed system provides a scalable and
reliable solution for automated diabetic
retinopathy detection and clinical decision
support.

V EXPERIMENTAL SETUP

The proposed diabetic retinopathy detection
system employs multiple deep learning
models to accurately analyze retinal fundus
images and classify disease severity stages.
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These models are designed to extract
complex visual features, identify
abnormalities, and improve classification
performance. = The system  integrates
Convolutional Neural Networks (CNN),
Region-based Convolutional Neural
Networks (RCNN), and Recurrent Neural
Networks (RNN) to achieve reliable and
efficient disease detection.
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A. Convolutional Neural Network (CNN)

The Convolutional Neural Network (CNN)
is used as the primary model for feature
extraction from retinal fundus images. CNN
is highly effective in image processing tasks
due to its ability to automatically learn
spatial features such as edges, textures, and
patterns.

In the proposed system, the CNN model
processes the input retinal images and
identifies important visual characteristics,
including microaneurysms, hemorrhages,
and exudates, which are key indicators of
diabetic retinopathy. The convolutional and
pooling layers help reduce image
dimensionality while preserving essential
features, thereby improving computational
efficiency and classification accuracy.

B. Region-based Convolutional Neural
Network (RCNN)

The Region-based Convolutional Neural
Network (RCNN) is used to detect and
localize specific abnormal regions within
retinal images. This model enhances the
system’s ability to focus on areas that are
most relevant to disease detection.

RCNN identifies candidate regions in the
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image and extracts detailed features from
these regions using deep learning
techniques. By analyzing localized regions
of interest, the model improves detection
accuracy and enables precise identification
of disease-related abnormalities in retinal
images.
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C. Recurrent Neural Network (RNN)

The Recurrent Neural Network (RNN) is
employed to analyze the sequential and
spatial relationships among the extracted
features. Unlike traditional neural networks,
RNN models are capable of capturing
dependencies between data elements, which
helps improve classification performance.

In the proposed system, the RNN processes
the features extracted by CNN and RCNN to
identify patterns associated with different
stages of diabetic retinopathy. This
additional analysis enhances the model’s
ability to differentiate between disease
severity levels and improves overall
predictionreliability.

Convolution Pooling

Input
Retinal Image Layer Layer

Convolutional Neural Network
(CNN)

D. Softmax Classification Layer
The final stage of the model uses a Softmax
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classification layer to categorize retinal
images into one of the five diabetic
retinopathy stages:

Healthy

Mild Diabetic Retinopathy

Moderate Diabetic Retinopathy

Severe Diabetic Retinopathy

Proliferative Diabetic Retinopathy
The Softmax function converts the output of
the neural network into probability values
for each class. The class with the highest
probability is selected as the final prediction,
ensuring accurate and  interpretable
classification results.

> (T) Class A

o~ : :’ e
o E I —O— () ClassB
Laa \( \_>O Class C
Input Layer
Softmax Classification Layer
VI RESULTS

The proposed system successfully detects
and classifies diabetic retinopathy using
deep learning techniques. The system
analyzes retinal fundus images and predicts
the severity level of diabetic retinopathy.
Experimental results demonstrate that the
model effectively identifies disease patterns
such as hemorrhages, microaneurysms, and
exudates, and classifies retinal images into
five categories: Healthy, Mild, Moderate,
Severe, and Proliferative Diabetic
Retinopathy.

A. User Registration Interface

This figure shows the user registration page
of the diabetic retinopathy detection system.
In this interface, new users enter their
personal details such as name, username,
password, email, and contact number to
create an account. The system validates the
entered information and securely stores the
data in the database. This module ensures
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that only authorized users can access the
system features.

Sign Up

B. User Login Interface
This figure shows the login interface of the
system. Registered users enter their
username and password to access the
application. After successful authentication,
users are redirected to the system dashboard
where they can upload retinal images and
view prediction results. The login module
ensures secure access to the system and
protects sensitive medical data.

Sign In

— -
C. Retinal Image Upload Interface

This figure shows the image upload page of
the diabetic retinopathy detection system. In
this interface, users upload retinal fundus
images in supported formats such as JPG,
PNG, or JPEG. After uploading, the system
performs preprocessing operations such as
resizing, normalization, and noise removal
to improve image quality before analysis.

https://ijerst.org/index.php/ijerst 1881



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991

52 Wt of e e 2 e el

= 4

& m
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D. Image and Disease
Detection

This figure shows the disease detection
process after the retinal image is uploaded.
The trained deep learning model analyzes
the image and extracts important features
related to diabetic retinopathy. The system
processes the image through neural network
layers to identify abnormalities and classify
the disease stage. The prediction process is
performed automatically and efficiently.

Processing

Automated detection and classification of Diabetic
Retinopathy using Neural Network
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E. Prediction Result Display

This figure shows the final prediction result
generated by the system. After analyzing the
uploaded retinalimage, the trained model
displays the predicted severity level of
diabetic retinopathy. For example, the
system may display the result as "Predicted:
Moderate DR" along with the uploaded
image. The prediction label is clearly shown
on the screen, allowing users to understand
the detected condition easily.
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F. System Performance and Accuracy

The system was tested using a dataset of
retinal fundus images divided into training
and testing sets. The deep learning model
achieved high classification performance
and demonstrated reliable prediction
capability. The results indicate that the
system can accurately detect diabetic
retinopathy  and  support  healthcare
professionals in early diagnosis and
treatment planning. The model performance
improved over training iterations, ensuring
stable and consistent prediction results.

VII CONCLUSION

The proposed system provides an effective
deep learning-based approach for the
automated detection and classification of
diabetic retinopathy using retinal fundus
images. By utilizing advanced models such
as Convolutional Neural Networks (CNN),
Region-based Convolutional Neural
Networks (RCNN), and Recurrent Neural
Networks (RNN), the system accurately
identifies important retinal features and
classifies disease severity into different
stages. Image preprocessing techniques,
including resizing, normalization, and noise
removal, enhance image quality and
contribute  to  improved  prediction
performance. The integration of the trained
model into a web-based application enables
users to upload retinal images and receive
diagnostic results efficiently. Overall, the
system demonstrates reliable performance in
supporting early detection, reducing manual
diagnostic effort, and improving the
efficiency of diabetic retinopathy screening
in healthcare environments.
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VIII FUTUREWORK

In future work, the proposed system can be
further improved by incorporating larger and
more diverse retinal image datasets to
enhance model accuracy and generalization.
The implementation of advanced deep
learning methods, such as transfer learning
and optimized neural network architectures,
can improve feature extraction and
classification performance. Additionally, the
system can be extended to support cloud-
based deployment and mobile applications,
enabling remote diagnosis and real-time
monitoring of patients. These enhancements
will increase the scalability, accessibility,
and practical usability of the system, making
it more suitable for real-world healthcare
applications and large-scale screening
programs.
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