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ABSTRACT 

Diabetic retinopathy (DR) continues to be a major cause of preventable blindness globally, with early diagnosis a 

critical factor in the prevention of loss of vision. Diabetic Retinopathy (DR) is one of the main causes of avoidable 

blindness globally, and its diagnosis is most crucial for intervention. In this work, we propose an automated DR 

classification system using the Messidor dataset of fundus retinal images. Our approach primarily uses 

Convolutional Neural Networks (CNNs) for feature extraction and DR stage classification, given their success in 

medical imaging. To address the scarcity of annotated medical data, data augmentation methods such as random 

flips, rotations, and brightness changes are applied to improve the model's generalisation. In addition, transfer 

learning using pretrained CNN models (e.g., ResNet and EfficientNet from the timm library) is employed to 

accelerate convergence and improve accuracy. For thorough examination, the dataset is split into training, 

validation, and test subsets, and model efficiency is quantified through metrics such as accuracy, precision, recall, 

F1-score, and AUC.  

Keywords: Diabetic Retinopathy, Convolutional Neural Networks, Transfer Learning, Fundus Retinal Images, 
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1. Introduction 

Diabetic Retinopathy (DR) is a progressive eye disease that affects people who have diabetes 

and is one of the most common causes of avoidable blindness globally. DR is caused by 

prolonged high blood sugar levels that damage the retinal blood vessels, leading to vision loss 

or even total vision loss. DR will be asymptomatic in the early stages and therefore hard to 

detect without frequent screening. As the illness advances, it may lead to complications 

including swelling of the retina, abnormal growth of blood vessels, and haemorrhage of the 

eye. 

Early identification of diabetic retinopathy is key to avoiding permanent vision loss. Early 

screening and diagnosis enable effective treatment, either by laser surgery or medication, that 

can reverse disease advancement or stabilise it. Yet in much of the world, particularly in low-

resource environments, routine ophthalmologic examinations are prohibitively expensive, and 

trained professionals may be scarce. Thus, the need is acutely felt for scalable, computerised 

systems capable of detecting DR at its earliest stages. The integration of Artificial Intelligence 

(AI) and Machine Learning (ML) into healthcare has demonstrated significant potential to 

address diagnostic challenges. In ophthalmology, retinal images can be analysed using ML 

models, particularly deep learning-based models, to identify diabetic retinopathy with high 

accuracy. Besides improving diagnostic accuracy and consistency, these technologies also 
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minimise the time and expense of manual screening, thereby making quality eye care more 

accessible and cost-effective.  

With the increasing incidence of diabetes, reliable and automated screening techniques have 

emerged as a crucial field of research in medical imaging and health. Recent developments in 

machine learning (ML) and deep learning (DL), especially convolutional neural networks 

(CNNs) and transfer learning, have shown promising potential for precisely detecting and 

classifying DR in retinal fundus images. Although much progress has been made, problems 

such as data variability, imbalanced classes, lack of standard evaluation, and limitations in 

population generalizability continue to exist. This has led researchers to attempt an array of 

models and approaches, each with its own advantage. The objective of this research project is 

to develop a machine learning-based program to identify diabetic retinopathy in retinal fundus 

images. Using deep learning algorithms, including pre-trained CNNs, the project hopes to 

automate the diagnosis process, facilitating early treatment and potentially preserving the sight 

of thousands. The program is developed using public databases to detect subtle features across 

different stages of the disease. The organisation of this paper is as follows: It starts with a 

general description of the problem and its importance, followed by an overview of related work 

in the field. Then, it outlines the methodology used to develop the model, namely, dataset 

choice, data preprocessing, and model design. The next few sections describe and discuss the 

results, the implications of the findings, and how limitations may be addressed. The paper 

concludes by presenting a summary of contributions and recommendations for future research 

in this area. 

2. Research Methodology 

Table 1: Existing work related to Diabetic Retinopathy 

Year Problem statement DR 
Algorithm 

Gap/Limitation 

2024 Manual diagnosis being intensive, 

highlights the need for efficient 
methods. 

DCNN, 

CNN, 

KNN, 

SVM 

No unified benchmark, 

potential for outdated 

information 

 

2024 

Need for advanced methods to 

overcome the limitations of 

traditional 
methods. 

DL, 

CNNs, 

TL 

Focuses on a specific evaluation 

rather than a general solution 

 

2024 

 

Solve the need for an accurate 

and reliable model for DR 
detection 

 

AI, DL, 

CNNs 

No generalizability, lack of 

direct comparison, and clinical 

integration 

 

2024 

 

Aims to develop an effective 

model 
for early diagnosis 

 

ML, 

Inception 

V3, TL 

 

Performance, Limited scope 
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Table 1 is a summary comparison of five machine learning and deep learning-based studies for 

the detection of diabetic retinopathy. The table presents the model or methodology used in each 

study, the data used, the performance reported, and the most significant limitation mentioned 

or noted in each paper. By summarising this concisely, the table allows a simple comparison 

of methodologies, performance, and limitations across studies. It proposes that some papers 

report good accuracy or F1-score, others poorly, and others use datasets and test conditions that 

can be detrimental to reproducibility and extrapolation. This overall approach also allows for 

easy identification of research gaps, e.g., standardised benchmarks, external validation, and 

early-stage detection management.This means that, even though transfer learning is robust, 

issues remain in handling domain shifts due to variability in imaging equipment, patient 

cohorts, and data quality. CNN-based approaches for DR detection using automated algorithms 

have also been investigated, with good results in classifying disease stage. But a few studies 

are inadequately described in terms of data split, architecture, or precise performance measures, 

leading to problems with reproducibility and external validation. It is hard to judge the actual 

robustness of such models without sufficient exploration and revelation. 

 

 

Fig. 1 Working of the model 

 

Fig.1 shows the proposed method for Diabetic Retinopathy (DR) classification and detection. 

In the proposed method, retinal fundus images from the Messidor database are processed in a 

cascade of feature extraction, preprocessing, and classification.In the first stage, the images are 

preprocessed sequentially to ensure consistent input values and improve model performance. 

The step in the preprocessing stage includes resizing images to a consistent resolution, 

normalising pixel intensities to ensure the intensity scales of input images are consistent, and 

applying rotation and flipping for augmentation to improve the model's generalizability.In the 

second stage, deep feature extraction takes place. Feature extraction is accomplished using 

Convolutional Neural Networks (CNNs) or transfer learning models, such as EfficientNet or 

ResNet. Neural networks automatically identify dominant retinal features, including 

microaneurysms, exudates, and haemorrhage, which are predictors of diabetic retinopathy 

(DR). Raw features were passed to fully connected layers, and a classification layer with a 

SoftMax activation function was used to classify the input image into 5 levels of DR severity, 
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ranging from 0 (No DR) to 4 (Proliferative DR). The output provided a predicted severity stage 

that would be useful to clinicians. 

2.1 Dataset Description 

 

 

Fig. 2 Messidor Dataset 

 

This study employs the Messidor dataset, which consists of 1,744 Diabetic Retinopathy (DR)- 

annotated retinal fundus images of varying severity. The images are graded on a scale from 0 

(no DR) to 4 (Proliferative DR), thus representing the full range of disease progression. The 

dataset is also annotated for Diabetic Macular Oedema (DME) and image gradability. This plot 

illustrates the class imbalance in the diabetic retinopathy dataset, where the No DR class (~800) 

is predominant, followed by gradually fewer samples for Mild, Moderate, Severe, and 

Proliferative DR, the latter of which has fewer than 200 samples as per Fig. 2. 

3. Theory and Calculation 

Deep learning techniques have become highly effective for analysing medical images because 

they can automatically learn hierarchical features from raw data. Convolutional Neural 

Networks (CNNs) are particularly well-suited for image classification because they can capture 

spatial patterns and visual structures. 

In the context of diabetic retinopathy detection, CNN models identify important retinal features 

such as microaneurysms, haemorrhages, and exudates. These features are crucial indicators 

used by ophthalmologists for diagnosing different stages of the disease. 

Transfer learning further improves model performance by using pretrained networks that have 

already learned general visual features from large-scale datasets. By fine-tuning these networks 

on retinal images, the model can effectively adapt to the medical imaging domain while 

requiring fewer training samples. 

4. Results and Discussion 

The suggested model was tested on the Messidor dataset of retinal fundus images, with the data 

split into training, validation, and test sets for unbiased performance evaluation. To improve 

generalisation and circumvent the limitations of available annotated medical data, aggressive 

data augmentation techniques, including random flips, rotations, and brightness modifications, 
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were used. Besides, transfer learning was utilised based on pretrained models (ResNet, 

EfficientNet) from the timm library, which greatly accelerated convergence speed and overall 

classification performance. The validation accuracy and training graph of the model show a 

clear learning trend. The training accuracy is robust, with a consistent upward trend, reaching 

over 90%. The Training and Validation Loss plot indicates a well-behaved training process. 

Both the training and validation loss curves decrease steadily over 25 epochs. The two curves 

stay very close to one another, which is the most important aspect. This means that the model 

is learning well and is not overfitting on the training data. The steady decline in both loss 

measures indicates that the model is effectively generalising its learning to new data, a strong 

indicator of its performance validity. 

5. Conclusions 

This work effectively created a deep learning model for the computer-aided detection of 

Diabetic Retinopathy (DR). Our observations of training and validation metrics, such as loss 

and accuracy, indicate that the model learns effectively and generalises well to novel data, 

thereby avoiding overfitting. This solid performance bodes well for its possible use in the 

clinic. Although the present findings are promising, future research will aim to improve the 

model's performance and real-world applicability by adopting more sophisticated architectures, 

using larger datasets, and exploring its seamless integration into clinical practice. 
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