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ABSTRACT

Diabetic Retinopathy (DR) is a leading cause of vision
impairment and blindness among diabetic patients
worldwide, making early detection and accurate
diagnosis crucial for effective treatment. Traditional
manual screening methods, such as fundus
photography and ophthalmologist-based grading, are
time-consuming, prone to subjectivity, and require
specialized expertise. To address these challenges, this
study proposes a lesson-based hybrid deep learning
model for automated DR detection. The model
integrates Convolutional Neural Networks (CNNSs)
with Recurrent Neural Networks (RNNSs) to leverage
both spatial and sequential patterns in retinal images,
improving  detection  accuracy and  lesion
interpretation. A pre-trained EfficientNet backbone is
used for feature extraction, while Bi-directional Long
Short-Term Memory (BiLSTM) layers analyze lesion
patterns over multiple image scales. The framework is
trained on publicly available DR datasets, such as
Kaggle’s APTOS and EyePACS, and achieves high

sensitivity, specificity, and F1-score compared to
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traditional CNN-based classifiers. Additionally,
explainable Al (XAI) techniques are incorporated to
enhance model interpretability, assisting clinicians in
understanding lesion severity and progression. The
proposed system is designed to aid ophthalmologists,
optimize DR screening workflows, and facilitate
early-stage intervention, potentially reducing diabetic-
related vision loss on a global scale. Future work will
focus on real-time deployment in mobile healthcare
applications and integration with multimodal retinal

imaging for enhanced diagnosis.

INTRODUCTION

Diabetic Retinopathy (DR) is a progressive retinal
disease caused by prolonged high blood sugar levels,
leading to retinal damage, vision loss, and blindness if
left untreated. Early detection and timely medical
intervention can significantly reduce the risk of severe
vision impairment. However, manual screening and
grading of DR images by ophthalmologists is time-
consuming, expensive, and often subject to variability
in diagnosis. With the rise of deep learning and
artificial intelligence (Al) in medical imaging,
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automated DR detection systems have shown
promising results in improving diagnostic efficiency
and accuracy.This study introduces a lesson-based
hybrid deep learning model for automated DR
detection and lesion localization. Unlike traditional
CNN-based approaches, which rely solely on spatial
feature extraction, the proposed model combines
CNNs with BiLSTM layers, enabling temporal lesion
progression analysis. Key contributions of this
research include EfficientNet-based feature extraction
— A state-of-the-art CNN backbone extracts fine-
grained retinal image features. BiLSTM lesion pattern
analysis — Sequential learning improves contextual
understanding of lesion severity and DR stage
classification.Explainable Al integration — Grad-CAM
and SHAP visualizations provide transparent model
decisions, aiding clinical validation.Comprehensive
evaluation — The model is trained and tested on large-
scale DR datasets, achieving high diagnostic
performance in both binary (DR vs. non-DR) and
multi-class (mild, moderate, severe DR) classification
tasks.The proposed system aims to bridge the gap
between Al-driven medical imaging and real-world
clinical applications, offering faster, more reliable, and
scalable DR screening solutions. The research
contributes to advancing ophthalmic Al, facilitating
early detection, personalized treatment planning, and

improved patient outcomes.

Retinal diseases pose significant challenges to
ophthalmic healthcare, necessitating precise and
timely diagnostic solutions. The EyeDeep-Net project
addresses this need by employing deep neural
networks to analyze retinal images, enabling the
accurate identification of multiple ocular conditions
within a single diagnostic framework. The
introduction highlights the growing importance of
advanced technologies in ophthalmology and the
potential impact of deep learning on enhancing
diagnostic capabilities.

ISSN 2961-3906

Key Features:

1. Deep Neural Network Architecture:
EyeDeep-Net utilizes a sophisticated deep
neural network architecture, specifically
tailored for image recognition tasks. The
deep layers of the network enable the
automatic extraction of intricate features
from retinal images, facilitating nuanced
disease diagnosis.

2. Multi-Class Diagnosis: Unlike traditional
diagnostic systems that focus on binary
outcomes, EyeDeep-Net is designed for
multi-class diagnosis. This means the system
can simultaneously identify and categorize
various retinal diseases, providing a
comprehensive view of a patient's ocular
health.

3. Image Analysis: The core functionality of
the system revolves around the analysis of
retinal images. Leveraging convolutional
layers, the network learns hierarchical
representations, capturing both global and
local features crucial for accurate disease
classification.

4. Training on Diverse Datasets: To enhance
generalization and robustness, EyeDeep-Net
is trained on diverse datasets containing a
wide array of retinal images. This approach
ensures that the system can effectively handle
variations in image quality, patient
demographics, and disease manifestations.

5. Explanability and Interpretability: The
project places emphasis on making the deep
neural network interpretable. Techniques
such as attention mechanisms and saliency
maps are incorporated to provide insights
into the decision-making process, fostering
trust and understanding in  clinical
applications.

Existing System with Disadvantages:

Traditional retinal disease diagnostic methods often
rely on manual interpretation of images, which is time-
consuming and subject to inter-observer variability.
Additionally, these methods may struggle with the
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complexity of multi-class diagnoses, leading to
limitations in accuracy and efficiency.

Proposed System with Advantages:

EyeDeep-Net addresses the limitations of traditional
methods by automating the diagnostic process using
deep neural networks. The proposed system offers
advantages such as faster diagnosis, enhanced
accuracy in multi-class scenarios, and improved
interpretability through attention mechanisms.

LITERATURE REVIEW

1. Hybrid Deep Learning Model for Early
Detection of Diabetic Retinopathy

Sharma, A,, Patel, R., & Verma, K. (2022)

developed a hybrid deep learning model that
combines Convolutional Neural Networks (CNNs)
and Long Short-Term Memory (LSTM) for detecting
diabetic retinopathy (DR) at an early stage. The study
utilized a dataset of 50,000 retinal fundus images from
the APTOS 2019 and Messidor datasets. The CNN
model extracted hierarchical features from images,
while the LSTM component captured sequential
dependencies in disease progression. The system
achieved an accuracy of 94.8% in distinguishing
between mild, moderate, severe, and proliferative DR
stages. The authors concluded that hybrid models
improve feature extraction efficiency, making them
suitable for automated screening applications in
healthcare.
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2. A Novel CNN-Transformer Hybrid Approach

for Diabetic Retinopathy Classification
Gupta, S., Nair, M., & Das, T. (2023)

proposed a CNN-Transformer hybrid model for
automated DR detection and severity grading. The
study integrated a ResNet-50-based CNN model for
feature extraction with a Vision Transformer (ViT) for
attention-based classification. Using 35,000 annotated
fundus images, the model achieved an AUC of 0.97,
outperforming traditional CNN-based approaches.
The transformer module enhanced long-range feature
dependencies, enabling accurate identification of
microaneurysms, hemorrhages, and exudates. The
authors highlighted that self-attention mechanisms
significantly improve model interpretability, making

the approach suitable for real-time DR screening.

3. Attention-Driven Hybrid Deep Learning

Framework for Diabetic Retinopathy Detection
Reddy, P., Kumar, H., & Banerjee, A. (2022)

introduced an attention-enhanced hybrid model,
integrating DenseNet for feature extraction and
Bidirectional Gated Recurrent Units (Bi-GRU) for
temporal pattern recognition in DR progression. The
model was trained on a dataset of 40,000 fundus
images, achieving an Fl1-score of 92.3% in DR
classification. The study emphasized that Bi-GRU
improved contextual understanding, especially for
early-stage DR detection, where small lesions might
be overlooked. Future research was suggested on
incorporating generative adversarial networks (GANSs)
for synthetic data augmentation to improve detection

in rare cases.

4. Hybrid CNN-RNN Model for Explainable Al in
Diabetic Retinopathy Diagnosis
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Singh, V., Rao, P., & Das, K. (2023)

explored an explainable Al (XAl)-driven approach
using a hybrid CNN-Recurrent Neural Network
(RNN) model for diabetic retinopathy diagnosis. The
system used EfficientNet for spatial feature extraction
and RNN-based sequence modeling to analyze
progressive changes in DR-affected eyes. The dataset
of 30,000 retinal images was processed using Grad-
CAM visualization, allowing clinicians to interpret the
model's decision-making process. The model achieved
an overall classification accuracy of 93.1%, making it
a trustworthy tool for ophthalmologists. The study
concluded that XAl-based hybrid models enhance
transparency in Al-driven DR diagnosis, enabling

better adoption in clinical settings.

5. Multi-Stage Hybrid Deep Learning Model for
Diabetic Retinopathy Screening

Prasad, K., Sharma, M., & lyer, S. (2023)

developed a multi-stage hybrid deep learning model
that combines YOLOV5 for lesion localization and
Inception-v3 for severity classification. The model
was tested on 45,000 fundus images, achieving an
AUC of 0.96 in distinguishing between non-
proliferative and proliferative DR stages. The
YOLOvV5 module efficiently detected early lesions,
while the Inception-v3 classifier categorized severity
levels with high precision. The research emphasized
that hybrid approaches significantly enhance detection
accuracy, making them ideal for large-scale DR

screening programs.

IMPLEMENTATION:

MODULES:

1. Upload Historical Trajectory Dataset : Upload
Historical Trajectory Dataset’ button and upload
dataset.

ISSN 2961-3906

2. Generate Train & Test Model :Generate Train &
Test Model’ button to read dataset and to split dataset
into train and test part to generate machine learning
train model

3. Run MLP Algorithm:Run MLP Algorithm’ button
to train MLP model and to calculate its accuracy.

4. Run DDS with Genetic Algorithm : Run DDS with
Genetic  Algorithm button to train DDS and to
calculate its prediction accuracy.

5. Predict DDS Type :Predict DDS Type’ button to
predict test data

CONCLUSION

This study presents a hybrid deep learning-based
approach  for diabetic retinopathy detection,
integrating CNN-based spatial feature extraction with
BiLSTM-based lesion progression analysis. The
proposed system achieves high accuracy in DR
classification and severity grading, outperforming
conventional CNN-based models. By incorporating
explainable Al techniques, the framework enhances
interpretability and trustworthiness, making it
clinically viable for ophthalmologists.Despite its
effectiveness, the system faces challenges such as
variability in imaging conditions, imbalanced datasets,
and the need for real-world validation. Future research
will focus on Enhancing dataset diversity to include
multi-ethnic  populations and different camera
modalities.Integrating multimodal imaging data (OCT
scans, fluorescein angiography) for improved DR
detection.Deploying the model in real-time mobile
applications for Al-assisted remote DR screening.By
combining deep learning, lesion-based insights, and
Al-driven medical imaging, this research contributes
to the development of advanced, scalable, and
interpretable DR diagnostic solutions, ultimately
supporting early intervention and reducing blindness

risks in diabetic patients worldwide.
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