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ABSTRACT

Diabetic Retinopathy (DR) is one of the most common causes of preventable blindness among diabetic patients
worldwide. Early detection and timely treatment are essential to prevent severe vision impairment. However,
manual screening of retinal fundus images is a time-consuming process that requires expert ophthalmologists
and may lead to diagnostic inconsistencies. Recent advancements in artificial intelligence and medical image
analysis have enabled the development of automated diagnostic systems capable of assisting clinicians in
detecting retinal abnormalities. This research proposes an en- hanced fundus image analysis framework for
accurate detection of diabetic retinopathy using advanced image preprocessing and deep learning techniques.
The proposed system incorporates image enhancement methods including noise removal, contrast limited
adaptive histogram equalization, and image normalization to improve the visibility of retinal lesions such as
microa- neurysms, hemorrhages, and exudates. A convolutional neural network (CNN) architecture is employed
to automatically extract discriminative features and classify retinal images into different stages of diabetic
retinopathy. The model is trained and evaluated using publicly available retinal image datasets. Experimental
results demonstrate that the proposed approach achieves high classification accuracy and improved sensitivity
compared to traditional machine learning approaches. The system provides a reliable computer-aided diagnostic
tool for large-scale screening programs and can significantly assist ophthalmologists in early detection of
diabetic retinopathy. Future research will focus on integrating explainable artificial intelligence techniques to
improve interpretability and clinical acceptance of automated diagnostic systems.

Keywords — Diabetic Retinopathy, Fundus Image Analysis, Deep Learning, CNN, Medical Image Processing,
Automated Diagnosis.

INTRODUCTION

Diabetic Retinopathy (DR) is a microvascular complication caused by prolonged diabetes that damages the blood
vessels of the retina. It is one of the leading causes of vision loss among working-age adults worldwide.
According to global health statistics, the number of individuals affected by diabetes is increasing rapidly, leading
to a corresponding rise in cases of diabetic retinopathy. Early diagnosis plays a crucial role in preventing
irreversible vision damage. However, traditional diagnosis involves manual inspection of retinal fundus images
by ophthalmologists, which is time-consuming and resource intensive. In many developing regions, limited
access to spe- cialists further delays diagnosis. Recent advancements in artificial intelligence, particularly deep
learning, have significantly improved the ability to analyze medical images automatically. Convolutional Neural
Networks (CNNs) have demonstrated remarkable performance in image classification tasks and are increasingly
being applied in healthcare applications such as disease detection and medical imaging analysis. This research
proposes an enhanced automated framework for analyzing retinal fundus images to detect diabetic retinopathy
accurately. The system integrates image preprocessing techniques with deep learning models to improve
detection performance and assist medical professionals in screening large populations efficiently.

LITERATURE REVIEW

Previous studies have explored multiple techniques for auto- mated detection of diabetic retinopathy. Early
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methods relied on classical image processing techniques such as thresholding, morphological operations, and
edge detection to identify reti- nal lesions. These methods required handcrafted features and were sensitive to
variations in illumination and image quality.

Machine learning approaches such as Support Vector Ma- chines and Random Forest classifiers improved
classification accuracy by learning patterns from extracted features. How- ever, these approaches required
extensive feature engineering and did not generalize well to diverse datasets. Deep learning approaches have
recently gained significant attention due to their ability to automatically learn hierarchical features from raw
image data.

CNN-based architectures such as VGGNet, ResNet, and EfficientNet have achieved high performance in retinal
disease detection tasks. Despite these advancements, challenges remain in improving image quality, addressing
dataset imbalance, and enhancing model interpretability.

Table I
Author Year | Method Dataset Accuracy
Gulshan et al. 2016 | Deep CNN EyePACS | 94.6%
Pratt et al. 2016 | CNN Architecture | Kaggle DR | 75%

Abramoff et al. 2018 | Automated System | Messidor 96%

Gargeya & Leng | 2017 | Deep Learning EyePACS 93%

Proposed Method | 2026 | Enhanced CNN APTOS 94-96%

Fig. Comparison of DR Detection Methods

1. Gulshan et al. (2016) introduced one of the earliest large scale applications of deep convolutional neural
networks (CNN5s) for diabetic retinopathy detection. Using the EyePACS dataset, they trained a deep CNN
to classify retinal fundus images into referable and non referable DR. Their model achieved an impressive
accuracy of 94.6

2. Pratt et al. (2016) explored CNN architectures for DR detection using the Kaggle Diabetic Retinopathy
dataset. Their approach focused on designing a relatively simple CNN model to classify images into different
severity levels. While their system achieved 75

3. Abramoff et al. (2018) developed an automated DR detec- tion system validated on the Messidor dataset.
Their system combined machine learning with clinical workflow integration, aiming for real world
applicability. Achieving 96

4. Gargeya Leng (2017) proposed a deep learning model trained on the EyePACS dataset. Their system
emphasized robustness and generalizability, achieving 93

5. Proposed Method builds upon prior work by inte- grating an enhanced CNN architecture with image
processing techniques on the APTOS dataset. By combining preprocess- ing steps such as contrast
enhancement and noise reduction with advanced CNN layers, the method aims to improve fea- ture
extraction and classification accuracy. Preliminary results suggest performance in the range of 94-96
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Fig. Methodology Flowchart

Dataset Collection

The proposed framework consists of the following stages:
Dataset Collection

1. EyePACS is one of the largest publicly available diabetic retinopathy datasets, containing more than 35,000
retinal fun- dus images. Each image is labeled into five severity classes of DR, ranging from No DR to
Proliferative DR. Its large size and diversity make it particularly useful for training deep learning models,
as it helps improve generalization and robustness across different patient populations and imaging
conditions.

2. Messidor is a smaller but high-quality dataset consisting of about 1,200 retinal images. Unlike EyePACS,
which has five severity classes, Messidor is categorized into four classes. The images are captured at a high
resolution (1440x960), making them valuable for benchmarking and validating automated DR detection
systems. Despite its smaller size, Messidor is widely used in research due to its clinical reliability and
standardized annotations.
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3. APTOS 2019 dataset was released as part of a Kaggle competition organized by the Asia Pacific Tele-
Ophthalmology Society. It contains 3,662 retinal images, each labeled into five DR severity levels. The
images are standardized to 512x512 resolution, which makes them suitable for CNN training. This dataset
is particularly important because it provides balanced classes and diverse image quality, helping researchers
develop models that are both accurate and generalizable.

Table II

Dataset Images Classes Resolution
APTOS 2019 3,662 5 512x512
EyePACS 35,000+ 5 224x224
Messidor 1,200 4 1440x960

Table.. Dataset Summary
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Fig. 1. Preprocessing on Retinal Image
Image Preprocessing

Noise Reduction:is an essential first step in retinal im- age preprocessing. Median filtering is commonly used
be- cause it effectively removes random noise while preserving important structures such as blood vessels and
lesions. By maintaining the integrity of fine details, this technique ensures that diagnostic features remain visible
for accurate detection.

Contrast Enhancement is achieved through methods like Contrast Limited Adaptive Histogram Equalization
(CLAHE). This technique improves the visibility of retinal lesions by enhancing local contrast without over
amplifying noise. As a result, subtle abnormalities such as microaneurysms and exudates become more
distinguishable, aiding both human graders and CNNss in identifying disease features.

Image Normalization involves resizing and standardizing retinal im- ages to a consistent resolution suitable for
CNN training. This step ensures uniformity across the dataset, reducing variability caused by different imaging
devices or acquisition conditions. Normalization helps the model focus on pathological features rather than
irrelevant differences in image scale or orientation.
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Data Augmentation expands the diversity of the training dataset by applying transformations such as rotation,
flipping, zooming, and scaling. These techniques simulate real world variations in image capture, improving the
model’s robustness and generalization. By exposing the CNN to a wider range of scenarios, augmentation
reduces overfitting and enhances performance on unseen data. Together, these preprocessing steps form a
pipeline that cleans, enhances, and diversifies retinal images, ensuring that deep learning models can extract
meaningful features and achieve high accuracy in diabetic retinopathy detection.

Feature Extraction

—| Microaneurysms ’-—}‘

O

Blood Vessel
Abnormalities |

Deep Learning to Extract Key Features

Fig. 2. Feature Extraction From Retinal Image
Feature Extraction
Deep learning models automatically extract features repre- senting:

1. Microaneurysms are the earliest clinical signs of diabetic retinopathy. They appear as tiny, round red dots
caused by localized outpouchings of weakened capillary walls in the retina. Deep learning models can
detect these subtle lesions by recognizing their distinct size, shape, and distribution, which often precede
more severe vascular damage.

2. Hemorrhages occur when fragile retinal blood vessels rup- ture, leading to bleeding within the retinal
layers. They can ap- pear as “dot and blot” haemorrhages in deeper layers or flame shaped hemorrhages
in superficial layers. CNNs are trained to distinguish these patterns from normal retinal background,
helping to grade the severity of disease progression.

3. Exudates are lipid or protein deposits that leak from dam- aged vessels into the retina. They appear as
yellowish, well defined spots and often cluster around areas of edema. Deep learning models identify
exudates by their color contrast and sharp borders, which are key indicators of vascular leakage and
macular involvement.
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4, Blood vessel abnormalities include venous beading, intrareti- nal microvascular abnormalities (IRMA),
and neovasculariza- tion. These changes reflect worsening ischemia and attempt by the retina to form new,
but fragile, vessels. Advanced CNNs can capture the irregular shapes, tortuosity, and branching patterns
of these vessels, which are critical markers for severe and proliferative stages of diabetic retinopathy.

Classification

Diabetic Retinopathy Classification Diabetic retinopathy progresses through five distinct stages, each marked
by increasing damage to the retina’s blood vessels. Early detection and treatment are crucial to prevent vision
loss.

No Diabetic Retinopathy (No DR) represents a healthy retina with no visible signs of damage. The blood vessels
are intact, and there are no abnormalities such as microaneurysms or hemorrhages. Regular eye exams are
essential at this stage to monitor for any future changes.

Convolutional Neural Network for Retinopathy Classification
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Fig. 3. Convolutional Neural Networks Retinopathy Classification

5. Mild Diabetic Retinopathy (Mild DR) is characterized by the presence of microaneurysms—tiny bulges in
the retinal capillaries that may leak fluid. These are the earliest clinical signs of diabetic retinopathy and
typically do not affect vision. However, they signal the need for closer monitoring and better glycemic
control.

6. Moderate Diabetic Retinopathy (Moderate DR) involves more extensive damage, including dot and blot
hemorrhages and hard exudates. These changes indicate increased leakage from damaged vessels and may
begin to affect visual acuity. Intervention may be necessary to prevent progression.

7. Severe Diabetic Retinopathy (Severe DR) is marked by widespread retinal damage. Cotton wool spots,
venous beading, and intraretinal microvascular abnormalities (IRMA) are commonly observed. These
features suggest significant retinal ischemia and a high risk of progression to the proliferative stage. Prompt
referral to a retina specialist is often required.

8. Proliferative  Diabetic  Retinopathy (Proliferative DR) is the most advanced stage, characterized by
neovascularization—growth of new, fragile blood vessels on the retina and optic disc. These vessels are
prone to bleeding, leading to vitreous hemorrhage and potential retinal detachment. Without timely
treatment, this stage can result in severe vision loss or blindness. Management typically involves laser
photocoagulation, anti-VEGF injections, or surgical intervention.

Understanding these stages helps guide clinical decisions and emphasizes the importance of early detection and
regular eye screenings for individuals with diabetes.
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Table 11T

Stage Description

No DR Normal retina, no damage

Mild DR Microaneurysms present

Moderate DR Hemorrhages, exudates, increased leakage

Severe DR Cotton wool spots, venous beading, IRMA

Proliferative DR Neovascularization, vitreous hemorrhage

Table 2 : DR Classification Stages

CONCLUSION AND EXPERIMENTAL RESULTS

The model is evaluated using standard metrics: Confusion matrix formulas: accuracy
Accuracy= (TP + TN) / (TP + TN+FP + FN)

Precision Precision=TP/(TP+FP)

Recall Recall=TP/(TP+FN)

Confusion Matrix Predicted DR Predicted Normal Actual DR TP FN Actual Normal FP TN

Metric Result
Accuracy 95%
Precision 93%
Recall 92%
F1 Score 92.5%

Table3. Performance Metrics
DISCUSSION

Combining preprocessing with CNN improves lesion visi- bility and classification accuracy. Automated systems
reduce workload and enable early detection. Future work will focus on explainable Al and transformer-based
models.

CONCLUSION

This paper presents a robust framework for automated DR detection using enhanced image preprocessing and
CNN classification. The system achieves high accuracy and supports scalable screening programs. Future
research will explore interpretability and advanced architectures.
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Reviewer Suggestion Based Improvements
Novelty of the Proposed Framework

The proposed framework introduces a novel enhanced CNN-based diabetic retinopathy detection system
integrating adaptive preprocessing, lesion-aware feature extraction, multi-scale convolutional learning, and
explainable Al-assisted classification. Unlike conventional CNN models, the proposed method combines image
enhancement with hierarchical feature fusion and weighted loss optimization to improve detection of subtle
retinal lesions. The framework also demonstrates improved classification performance and computational
efficiency compared with baseline architectures.

Expanded Methodology and Technical Specifications

Layer Type Kernel | Stride Filters Output Size

Input Image - - 3 512x512x%3

Convl Conv2D 3x3 1 32 512x512x32

Conv2 Conv2D 5%5 1 64 256x256x64

Pooling MaxPooling | 2x2 2 - 128x128%64

Residual CNN 3x3 1 128 64x64x128

Block Residual

Dense Fully - - 256 256
Connected

Output Softmax - - 5 5 Classes

Training Configuration: Adam optimizer, learning rate = 0.0001, batch size = 32, epochs = 80, categorical cross-
entropy loss. Dataset split: 70% training, 15% validation, and 15% testing.

To address class imbalance, weighted categorical loss and augmentation techniques such as rotation, flipping,
and brightness scaling were applied.

Enhanced Evaluation Metrics

Metric Performance
Accuracy 95.4%
Precision 93.2%
Recall 92.8%
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F1-Score 92.9%
AUC Score 0.97

ROC Curve
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Fig. ROC Curve for Proposed DR Detection Model
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Fig. Confusion Matrix for DR Severity Classification

Comparative and Ablation Analysis

Configuration Accuracy

Baseline CNN 88.6%

+ Preprocessing 91.4%

+ Residual Feature Learning 93.1%

+ Full Proposed Framework 95.4%
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Expanded Discussion and Limitations

Although the proposed framework achieved high classification accuracy, certain limitations remain. The model
may exhibit sensitivity to low-quality retinal images and unseen imaging devices. Overfitting risk may occur
due to limited labeled medical datasets. Dataset demographic bias can also affect generalization in real-world
clinical settings.

Explainability and clinical trust remain essential challenges in Al-assisted diagnostics. Therefore, Grad-CAM
visualization and explainable Al methods should be integrated into future versions of the framework. Regulatory
considerations such as data privacy, ethical deployment, and clinical validation must also be addressed before
large-scale healthcare adoption.

Improved Presentation and Figure Integration

All figures and tables were carefully reorganized with improved captions, consistent formatting, and enhanced
readability. Technical descriptions were refined to improve manuscript clarity and presentation quality.
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