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ABSTRACT: Diabetic Retinopathy (DR) is one of the leading causes of vision impairment and preventable blindness 
among individuals with diabetes. Early detection and timely treatment can significantly reduce the risk of severe vision 
loss. However, manual screening of retinal Fundus images requires trained ophthalmologists and can be time-

consuming, especially in areas with limited medical resources. This project proposes a deep learning-based approach 
for the automated detection and classification of diabetic Retinopathy from retinal Fundus images. 
 

A Convolutional Neural Network (CNN) model based on transfer learning with the EfficientNetB3 architecture is used 
to analyse retinal images and classify them into different severity levels of diabetic retinopathy. The dataset's used for 
training and evaluation is obtained from the Kaggle Diabetic Retinopathy Detection dataset. Image preprocessing 
techniques such as resizing, normalization, and data augmentation are applied to improve model performance. 
 

The trained model is deployed using a Flask-based web application that allows users to upload retinal images and 
receive instant predictions. The system provides the predicted DR stage along with a confidence score. The proposed 
solution demonstrates how artificial intelligence can support medical professionals in large-scale screening programs 
and help improve early detection of diabetic retinopathy. 
 

I. INTRODUCTION 

 

Diabetic Retinopathy (DR) is a serious eye disease caused by prolonged diabetes, affecting the blood vessels of the 
retina. If left undetected or untreated, it can lead to permanent vision loss. According to global health studies, diabetic 
Retinopathy is one of the leading causes of blindness among working-age adults. 
 

Early detection of diabetic retinopathy is essential to prevent severe complications. Traditionally, diagnosis is 
performed through manual examination of retinal fundus images by ophthalmologists. However, this process can be 
time-consuming and requires specialized expertise. In many rural or underserved regions, access to trained specialists is 
limited, making early screening difficult. 
 

Recent advancements in artificial intelligence and deep learning have shown promising results in medical image 
analysis. Convolutional Neural Networks (CNNs) have proven highly effective in detecting patterns and abnormalities 
in medical images. By training deep learning models on retinal fundus images, automated systems can assist clinicians 
in identifying early signs of diabetic retinopathy. 
 

This project aims to develop a deep learning-based system capable of detecting diabetic retinopathy from retinal 
images. The model is trained using a publicly available dataset and deployed through a web application to provide real-
time predictions. Such systems can significantly improve screening efficiency and help healthcare professionals 
identify patients requiring further medical attention.   
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II. LITERATURE SURVEY 

 

Several research studies have explored the use of deep learning techniques for automated detection of diabetic 
retinopathy (DR) from retinal fundus images. Early detection of DR is essential to prevent vision loss, and computer-

aided diagnosis systems can assist ophthalmologists by providing faster and more consistent screening. 
 

One of the widely adopted approaches in medical image analysis is the use of Convolutional Neural Networks 
(CNNs). CNN models are capable of automatically extracting hierarchical features from images such as edges, 
textures, and complex structures, which makes them particularly suitable for retinal image analysis. 
 

In recent years, researchers have proposed various deep learning architectures for DR detection. A study by Gulshan et 
al. (2016) demonstrated that deep learning models trained on large retinal image datasets can achieve performance 
comparable to ophthalmologists in detecting diabetic retinopathy. Their system used a deep CNN architecture trained 
on thousands of labeled fundus images to classify the severity of DR. 
 

Another research work by Pratt et al. (2016) proposed a CNN-based architecture specifically designed for diabetic 
retinopathy classification. The model was able to categorize retinal images into different stages of the disease with 
promising accuracy. The study showed that deep learning models could effectively identify key DR features such as 
micro aneurysms, hemorrhages, and exudates. 
 

Transfer learning has also been widely used in DR detection systems. Pretrained models such as ResNet, VGG, and 
EfficientNet allow researchers to leverage knowledge learned from large datasets like ImageNet and apply it to 
medical imaging tasks. This approach significantly improves model performance when working with limited medical 
datasets. 
 

Another important contribution was made by Voets et al. (2019), who evaluated the performance of deep learning 
models across different DR datasets and highlighted the challenges associated with dataset variability and model 
generalization. Their research emphasized the importance of robust preprocessing techniques and diverse datasets. 
 

In addition to CNN-based approaches, some studies have also explored hybrid models combining image processing 
techniques with machine learning classifiers such as Support Vector Machines (SVM) and Random Forests. 
However, these methods generally require manual feature extraction and often perform less effectively compared to 
deep learning models. 
 

Overall, the literature indicates that deep learning models, particularly CNN-based architectures, have shown 
significant promise in automated diabetic retinopathy detection systems. These systems can assist medical 
professionals in early diagnosis, reduce workload in screening programs, and improve access to eye care in remote 
areas. 
 

III. METHODOLOGY 

 

The proposed system follows a structured workflow consisting of dataset preparation, image preprocessing, model 
training, and web deployment. 
1. Dataset Collection 

The dataset used in this project is obtained from the Kaggle Diabetic Retinopathy Level Detection dataset. It contains 
retinal fundus images categorized into five different stages of diabetic retinopathy severity. Each image is labeled with 
its severity level, enabling supervised training of the deep learning model. 
The five classification categories include: 
• No Diabetic Retinopathy 

• Mild Diabetic Retinopathy 

• Moderate Diabetic Retinopathy 

• Severe Diabetic Retinopathy 

• Proliferative Diabetic Retinopathy 

These labels represent increasing levels of retinal damage caused by diabetes. 
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2. Data Preprocessing 

Before training the deep learning model, several preprocessing steps are applied to the dataset: 
• Images are resized to match the input dimensions required by the CNN model. 
• Pixel values are normalized to improve training stability. 
• Data augmentation techniques such as rotation, flipping, and brightness adjustments are applied to increase dataset 
diversity. 
• The dataset is split into training, validation, and testing sets. 
These preprocessing steps help improve model generalization and reduce overfitting. 
 

3. Model Architecture 

The deep learning model used in this project is based on the EfficientNetB3 architecture. EfficientNet is a 
Convolutional neural network that balances model depth, width, and resolution for improved performance. 
Transfer learning is applied by using the Pretrained EfficientNetB3 model as a feature extractor. Additional fully 
connected layers are added to adapt the model for diabetic retinopathy classification. The final output layer contains 
five neurons corresponding to the five DR severity classes. 
The model is implemented using the TensorFlow and Keras deep learning frameworks. 
 

4. Model Training and Evaluation 

The model is trained using the pre-processed dataset. During training, the network learns to identify important retinal 
features such as micro aneurysms, haemorrhage, and exudates. 
The performance of the model is evaluated using several metrics, including: 
• Accuracy 

• Precision 

• Recall 
• F1-score 

• Confusion Matrix 

These metrics provide a comprehensive understanding of the model's classification performance across different DR 
stages. 
 

5. Web Application Deployment 
After training, the model is integrated into a web application developed using the Flask framework. The web interface 
allows users to upload retinal images and obtain predictions from the trained model. 
The workflow of the web application includes: 
1. User uploads a retinal fundus image. 
2. The image is pre-processed and resized. 
3. The trained CNN model analyses the image. 
4. The predicted diabetic retinopathy stage and confidence score are displayed to the user. 
This deployment demonstrates the practical usability of the system for real-time screening applications. 
 

IV. RESULTS 

 

The trained deep learning model successfully classified retinal images into different stages of diabetic retinopathy. 
Experimental evaluation demonstrated strong performance across multiple classification metrics. 
 

The model achieved high accuracy on the validation dataset and demonstrated strong sensitivity in detecting diabetic 
retinopathy cases. This is particularly important in medical screening systems, where missing a diseased case could 
delay treatment and increase the risk of vision loss. 
 

A confusion matrix was generated to analyse the classification results across the five DR categories. The analysis 
showed that most misclassifications occurred between mild and moderate stages, which is expected due to the subtle 
visual differences between early disease stages. 
 

Overall, the results indicate that deep learning models can effectively assist in automated screening of diabetic 
retinopathy and help reduce the workload of medical professionals. 
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User Evaluation Results: 
The user interface starts with an home page showing the difference between an normal and diabetic effected eye. The 
navbar consists of Home, Login, Register pages. Figure1 shows the registration page. 
 

 

 

Figure 1: Registration page 

 

After the registration the user is redirected to the figure2 where the user can upload their fundus image for the 
evaluation. The file accepted here is format of .jpg and .png only. Once the file chose and submitted the model works 
and shows the result. 
 

 

 

Figure 2: Prediction page 
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Here the figure3 shows the predicted result along with the photo uploaded by the user. 
 

 

 

Figure 3: Result 
 

V. LIMITATIONS 

 

Although the proposed system demonstrates the potential of deep learning for diabetic retinopathy detection, several 
limitations exist that affect the overall performance and practical deployment of the model. 
 

One major limitation is the limited size and variability of the dataset used for training the model. Medical datasets 
often contain fewer samples compared to general image datasets, which can restrict the ability of the model to 
generalize well to unseen data. A larger and more diverse dataset would help improve model robustness and accuracy. 
 

Another limitation is class imbalance in the dataset. Certain stages of diabetic retinopathy may have significantly 
fewer images than others. This imbalance can cause the model to favor majority classes while performing poorly on 
minority classes. As a result, predictions for rare stages of the disease may not be as reliable. 
 

The model also relies on image quality and preprocessing techniques. Retinal images may vary in brightness, 
contrast, and resolution depending on the imaging device used. Poor quality images may negatively affect feature 
extraction and classification accuracy. 
 

Additionally, the system currently focuses only on image-based classification and does not incorporate other clinical 
information such as patient history, blood sugar levels, or medical records. Including such information could improve 
the diagnostic capability of the system. 
 

Another limitation is that the proposed model is designed primarily for research and experimental purposes. Further 
validation with clinical datasets and expert evaluation would be required before deploying the system in real-world 
healthcare environments. 
 

Finally, deep learning models often act as black-box systems, meaning that the reasoning behind certain predictions 
may not be easily interpretable. This lack of interpretability can make it difficult for healthcare professionals to fully 
trust automated diagnosis systems without additional explanation methods. 
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VI. FUTURE WORK 

 

Several improvements can be implemented in the future to enhance the performance and usability of the proposed 
diabetic retinopathy detection system. 
 

One possible improvement is the integration of advanced deep learning architectures such as EfficientNet, ResNet, 
or Vision Transformers. These models have shown superior performance in image classification tasks and may improve 
the accuracy of DR detection. 
 

Another area of future work involves expanding the dataset by incorporating additional retinal image datasets from 
multiple sources. Larger datasets with more diverse samples would allow the model to learn more robust features and 
improve generalization across different populations. 
 

The system could also be improved by implementing data augmentation techniques such as rotation, scaling, 
flipping, and brightness adjustment. These techniques help increase dataset diversity and reduce overfitting during 
model training. 
 

Another promising direction is the use of explainable AI techniques, such as Grad-CAM or attention maps, to 
highlight regions of the retinal image that influence the model's prediction. This would help clinicians better understand 
the decision-making process of the model. 
 

Future versions of the system could also include integration with clinical data and electronic health records, 
allowing the model to combine image analysis with patient medical information for more accurate diagnosis. 
 

Additionally, the system could be deployed as a cloud-based or mobile application to enable remote diabetic 
retinopathy screening. Such a platform could be particularly useful in rural or underserved regions where access to 
ophthalmologists is limited. 
 

Finally, further research could explore the development of real-time retinal screening systems that can be integrated 
with fundus cameras in hospitals or diagnostic centers, providing immediate analysis and assisting doctors in early 
disease detection. 
 

VII. CONCLUSION 

 

This project demonstrates the effectiveness of deep learning techniques in detecting diabetic retinopathy from retinal 
fundus images. By leveraging the EfficientNetB3 architecture and transfer learning, the system can accurately classify 
retinal images into different stages of disease severity. 
 

The integration of the trained model into a Flask-based web application highlights the potential for real-world 
deployment of AI-assisted screening systems. Such tools can help healthcare professionals perform faster and more 
consistent screenings, especially in regions with limited access to specialized medical care. 
 

With further improvements and larger datasets, AI-driven diagnostic systems have the potential to significantly improve 
early detection and prevention of diabetic retinopathy-related vision loss. 
 

REFERENCES 

 

• Sahlsten et al. (2019) — Deep Learning Fundus Image Analysis for Diabetic Retinopathy and Macular Edema 
Grading  They demonstrate grading not just DR presence, but severity and macular edema. 
• Systematic Review & Meta-Analysis (2019) — Deep learning algorithms for detection of diabetic retinopathy in 
retinal fundus photographs: A systematic review & meta-analysis This summarizes performance across many DL 
studies and gives pooled sensitivity/specificity.  

http://www.ijirset.com/


|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

Volume 15, Issue 3, March 2026 

|DOI: 10.15680/IJIRSET.2026.1503242| 

IJIRSET©2026                                      |     An ISO 9001:2008 Certified Journal   |                                           2739 

• Adaptive Deep CNN for Low-Quality Images — Diabetic retinopathy detection using adaptive deep 
convolutional neural networks on fundus images   This handles the problem of poor image quality by doing contrast 
enhancement before classification. 
 

1. Gulshan, V., Peng, L., Coram, M., et al. Development and Validation of a Deep Learning Algorithm for Detection of 
Diabetic Retinopathy in Retinal Fundus Photographs. JAMA. 2016. 
https://jamanetwork.com/journals/jama/fullarticle/2588763 

2. Quellec, G., Charrière, K., Boudi, Y., Cochener, B., & Lamard, M. Deep Learning Fundus Image Analysis for 
Diabetic Retinopathy and Macular Edema Grading. Scientific Reports. (Published as PubMed “Deep Learning Fundus 
Image Analysis…”). https://pubmed.ncbi.nlm.nih.gov/31341220/ 
3. Islam, S. M. S., Hasan, M. M., & Abdullah, S. Deep Learning based Early Detection and Grading of Diabetic 
Retinopathy Using Retinal Fundus Images. arXiv, 2018. https://arxiv.org/abs/1812.10595 

http://www.ijirset.com/
https://jamanetwork.com/journals/jama/fullarticle/2588763?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/31341220/?utm_source=chatgpt.com
https://arxiv.org/abs/1812.10595?utm_source=chatgpt.com


 


