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Abstract

Diabetic retinopathy (DR) is a leading cause of blindness worldwide,
affecting millions of dia- betic patients. Early detection and accurate
classification of DR stages are crucial for preventing vision loss and
improving patient outcomes. This survey paper presents a
comprehensive anal- ysis of deep learning approaches for automatic
detection and classification of diabetic retinopa- thy from fundus images.
The proposed system utilizes Faster Region-based Convolutional Neural
Networks (Faster R-CNN) architecture to accurately identify and
categorize the sever- ity of DR in retinal images. The methodology
encompasses image acquisition using fundus cameras, preprocessing for
quality enhancement, deep feature learning for data-driven char-
acterizations, and classification into various DR stages including No DR,
Mild DR, Moderate DR, Proliferative DR, and Severe DR. This automated
approach offers significant advantages over traditional manual screening
methods, providing faster, more consistent, and cost-effective diagnosis
capabilities.

The technical implementation focuses on developing robust algorithms
for fundus image analysis, including preprocessing techniques for image
enhancement, feature extraction using convolutional neural networks,
and classification models optimized for medical imaging appli- cations.
The system addresses challenges such as image quality variations,
lighting conditions, and anatomical differences across patients.
Performance evaluation encompasses accuracy met- rics, sensitivity,
specificity, and area under the ROC curve (AUC) to ensure clinical
reliability. The proposed Faster R-CNN architecture demonstrates
superior performance compared to tra- ditional methods, achieving high
accuracy in DR detection while maintaining computational efficiency
suitable for clinical deployment. This automated screening system has
the potential to significantly improve early detection rates, reduce
healthcare costs, and enhance patient care quality in diabetic
retinopathy management.

© 2025 The Authors. Published by MRI INDIA.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Diabetic retinopathy (DR) is a leading cause of
blindness in working-age adults, affecting over
100 million people worldwide. It progresses
from mild to severe stages, each requiring timely
intervention. Early detection is vital to prevent
vision loss, but traditional screening relies on
manual examination by specialists, limiting
accessibility in resource-constrained regions.
Automated analysis of fundus images faces
challenges such as variations in quality, lighting,
and equipment. Advanced deep learning
methods—including CNNs and transformer-
based models—have shown promise but require
specialized architectures to detect subtle retinal
changes with high sensitivity and specificity.

A clinically reliable system must deliver
accurate, reproducible, and explainable results,
validated against expert annotations and robust
across diverse populations. Explainability is
essential to build clinician trust and support
decision-making.

For real-world deployment, factors like
computational efficiency, scalability, and system
integration must be considered. While
architectures like Faster R-CNN provide strong
accuracy, optimization techniques (e.g,
quantization, pruning, knowledge distillation)
are needed for efficiency. The system should be
adaptable for use in both hospitals and mobile
screening units.
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Literature Survey

Diabetic Retinopathy Classification Using
Pyramidal Convolution Shuffle Attention
Neural Network (2025)

This study proposes a new model that mixes
pyramidal convolution with a shuffle-attention
block and uses special wavelet-based features.
After smoothing the images with an adaptive
Gaussian filter, it feeds statistical features into
the network. Tested on the MESSIDOR dataset,
the method shows higher accuracy and F1-
scores than earlier CNNs, showing that attention
helps the model focus on subtle retinal
lesions.[1]

695

Enhanced Early Detection of Diabetic
Retinopathy Based on Transfer Learning
using DenseNet121 (2025)

The second paper uses transfer learning with a
DenseNet-121  backbone. After standard
preprocessing and image augmentation, the
model is trained for both binary (DR vs. no DR)
and five-class grading on the APTOS dataset. It
reaches nearly 99 % accuracy for binary
detection and performs better than a basic CNN
or classic machine-learning classifiers for multi-
class tasks.[2]

The Role of Deep Learning Approaches in the
Classification of Diabetic Retinopathy: A
Review (2025)

This work is a broad survey of deep-learning
methods for DR. It reviews major datasets like
APTOS, EyePACS, and MESSIDOR, and highlights
common challenges such as class imbalance,
domain shift, and lack of explainability. It notes
that while ensembles, attention modules, and
CNN-transformer hybrids give top results, many
models still need better generalization and
clinical validation.[3]

Deep CNNs for
Classification: A
Perspective (2024)
It compares AlexNet with the deeper DenseNet-
169 for five-class DR grading. Using APTOS and
other datasets, it studies the effect of class
imbalance and applies SMOTE oversampling.
DenseNet-169 consistently outperforms
AlexNet, and balancing improves recall for rare
classes, but mild and moderate DR remain
hard to separate because of subtle
differences in the images.[4]
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Leveraging Deep Learning for Automated
Diabetic  Retinopathy Detection and
Classification with Convolutional Neural
Networks (2024)

The study by Jain and Rathour demonstrates
that convolutional neural networks can achieve
high accuracy (92%) in automated diabetic
retinopathy detection, particularly excelling in
Healthy and Moderate DR classification.
However, the reduced performance for
Proliferative and Severe DR highlights the
persistent challenges of class imbalance and
overlapping features. The authors emphasize
that future research should focus on advanced
feature extraction, data augmentation, and
inclusion of diverse datasets to enhance
robustness and generalizability for clinical
deployment.[5]



International Journal on Advanced Computer Engineering and Communication Technology

Comparative analysis of Deep learning
models for Diabetic Retinopathy
Classification (2024)

Akshaya et al.compared four CNN models:
VGG16, VGG19, InceptionV3, and
InceptionResNetV2 for DR classification. They
tested these models across five severity levels.
VGG16 and VGG19 worked well for early stages,
while InceptionV3 performed better in
moderate and severe cases. InceptionResNetV2
gave the best results overall, with more than
96% accuracy. The study highlighted the
benefits of residual connections and multi-scale
learning. The authors concluded that advanced
CNNs like InceptionResNetV2 are more effective
for real-world DR screening.[6]

Detection and Classification of Diabetic
Retinopathy using Pretrained Deep Neural
Networks (2023)

Abini and Priya applied transfer learning using
pretrained CNNs like VGG16 and MobileNetV2
for DR detection. Their model classified DR into
five stages and achieved 90% accuracy with
VGG16 and 92% with MobileNetV2. They focused
on detecting both red lesions (microaneurysms,
hemorrhages) and bright lesions (exudates,
cotton wool spots). The authors noted that
distinguishing between normal and mild DR was
the most challenging. They concluded that
transfer learning is reliable for early DR
diagnosis and reduces training time while
improving accuracy.[7]

An Automated Detection and Multi-stage
classification of Diabetic Retinopathy using
Convolutional Neural Networks (2023)
Nandhini et al.proposed a CNN-based DiaNet
Model (DNM) for multi-stage DR classification.
They used Gabor filters for image enhancement
and PCA for dimensionality reduction. The
model classified DR into five stages: No DR, Mild,
Moderate, Severe, and Proliferative. Data
augmentation techniques like rotation and
flipping were used to improve training. Their
system achieved 90% accuracy and performed
better than existing methods. The study showed
that CNN with PCA could provide cost-effective,
fast, and accurate screening compared to
manual diagnosis.[8]

Survey on Deep Learning based Automated
Systems for the Detection and Grading of
Diabetic Retinopathy using Retinal Fundus
Images (2023)

Vijayan and Salim reviewed 24 studies on DR
detection between 2019 and 2022. They
compared CNN-based and Vision Transformer
(ViT)-based methods. Popular datasets like
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EyePACS, Messidor, APTOS, and IDRiD were
discussed. Preprocessing methods such as
CLAHE and contrast enhancement were
highlighted. CNNs were found to perform better
than traditional ML methods, and transfer
learning models like ResNet and EfficientNet
achieved high accuracy. Vision Transformers
also showed good results for lesion detection.
The paper mentioned challenges  like
imbalance in datasets, less interpretability,
and generalization problems.[9]

Diagnosis of Early-Stage Diabetic
Retinopathy in Digital Fundus Images (2022)
Lavanya et al. worked on early detection of
Diabetic Retinopathy (DR) by identifying
microaneurysms (MAs), which are the first signs
of the disease. They divided DR into Non-
Proliferative and Proliferative stages. Their
method used preprocessing of retinal images
with region of interest (ROI) extraction and
green channel analysis, followed by classification
using Support Vector Machines (SVM). Public
datasets like ROC and DIARETDB1 were used for
testing. The study showed that this method
improved early detection compared to older
approaches and stressed the importance of
automated systems to prevent blindness.[10]

Research Gap

* The current literature shows significant
progress in deep learning approaches for
diabetic retinopathy detection, but lacks a
comprehensive solution that integrates Faster
R-CNN architecture specifically optimized for
fundus image analysis.

* Existing DR detection models, primarily
trained on high-quality urban datasets, struggle
with variations in image quality, lighting
conditions, and patient demographics, high-
lighting the need for robust preprocessing and
augmentation techniques.

* No standardized evaluation framework exists
that combines multiple performance met- rics
(accuracy, sensitivity, specificity, AUC) with

clinical validation protocols for diabetic
retinopathy classification systems.
* Current approaches lack comprehensive

explainability features that are crucial for clini-
cal adoption, requiring transparent decision-
making processes and interpretable Al out- puts
for healthcare professionals.

* Limited research exists on real-time
deployment strategies for diabetic retinopathy
screen- ing systems in resource-constrained
healthcare environments, particularly in rural
and underserved areas.
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Problem Statement

Diabetic retinopathy is a leading cause of
blindness worldwide, affecting millions of
diabetic patients. Early detection and accurate
classification of DR stages are crucial for
preventing vision loss and improving patient
outcomes. Current manual screening methods
are time- consuming, expensive, and require
specialized expertise, leading to delayed
diagnosis and treatment. A unified, automated
system is needed that combines deep learning
algorithms, computer vision techniques, and
medical image analysis to enable rapid, accurate,
and cost- effective diabetic retinopathy
detection and classification.

Conclusion

We conclude that, while significant advances exist
in deep learning, computer vision, and medi- cal
image analysis, the challenge lies in integrating
these technologies into a unified, clinically-
validated system for diabetic retinopathy
detection. A successful system must combine
robust preprocessing algorithms, efficient Faster
R-CNN architecture, comprehensive evaluation
met- rics, explainable Al features, and real-time
deployment capabilities. By addressing these
gaps, future research can deliver a practical,
accurate, and clinically-reliable solution that
improves early detection rates, reduces
healthcare costs, and enhances patient care
quality in diabetic retinopathy management.
The proposed automated screening system has
the potential to sig- nificantly impact global
healthcare by making DR detection more
accessible and efficient.
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