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Abstract: Diabetic Retinopathy (DR) is a diabetes-related eye disease that can cause vision loss if not detected early.
This project, ""Design and Development of Diabetic Retinotherapy," develops an automated system for detecting
diabetic retinopathy from retinal fundus images using image processing and deep learning techniques. The system is
implemented in Python using OpenCV, TensorFlow, and Keras.

Retinal images are preprocessed through resizing, noise reduction, contrast enhancement, and normalization. Important
retinal features such as blood vessels, exudates, hemorrhages, and microaneurysms are extracted for analysis. A
Conwvolutional Neural Network (CNN) is used to classify images into different stages of diabetic retinopathy: Normal,
Mild, Moderate, Severe, and Proliferative DR.

The developed system provides fast, accurate, and automated diagnosis, helping healthcare professionals in early disease
detection and treatment planning. It offers a reliable and cost-effective solution for retinal screening and supports the
advancement of Al-based healthcare applications.

Index Terms - Diabetic Retinopathy, Retinal Fundus Images, Image Processing, Deep Learning, Convolutional Neural
Network (CNN), Disease Classification, Feature Extraction, Python, Tensor Flow, Automated Diagnosis.

INTRODUCTION

It was stated that diabetes was one of them. Most common chronic diseases affecting millions of people worldwide.
Among its various complications, Diabetic Retinopathy (DR) is considered one of the most serious eye disorders that can
lead to partial or complete blindness. It was stated that it would not be detected and treated at an early stage. Diabetic
retinopathy occurs. It was stated that it occurred due to damage to the blood vessels of the retina caused by prolonged
conditions. High blood sugar levels as the disease progresses, patients may experience blurred vision, retinal bleeding,
swelling, and eventually vision loss. Therefore, early diagnosis and continuous monitoring are essential for effective
treatment and prevention of blindness. However, it was stated that manual diagnosis required expert knowledge, consumes
considerable time, and may sometimes result in human error. It was stated that with the rapid advancement of artificial
intelligence and image processing technologies, deep learning was involved and automated systems for retinal disease
detection had been developed. It was stated that medical healthcare had become an important research area and that the
project titled “Design and Development of Diabetic Retinotherapy” focused on creating an intelligent system for automatic
detection and analysis of diabetic retinopathy using retinal funds images.

The system is developed using Python because of its simplicity, flexibility, and powerful support for machine learning and
image processing applications. Various libraries such as OpenCV, NumPy, TensorFlow, and Keras are it was used for
image enhancement. Preprocessing, feature extraction, and classification tasks. The proposed system processes retinal
images through several stages including image acquisition, preprocessing, segmentation, feature extraction, and
classification. Preprocessing techniques help improve image quality by reducing noise and enhancing contrast.
Segmentation methods identify important retinal structures. It was stated that they were such as blood vessels. Optic disc,
micro aneurysms, hemorrhages, and exudates. It was stated that a Convolutional Neural Network (CNN) was used to
accurately classify the severity level of diabetic retinopathy and to provide a reliable, fast, and cost-effective diagnostic
tool to assist ophthalmologists in the early detection of diabetic retinopathy. The developed, in hospitals, eye clinics, and
telemedicine applications for large scale diabetic eye screening. It was stated that this project was developed. It contributed
to the field of medical image processing and artificial intelligence by improving healthcare efficiency and accuracy. It was
stated that retinal disease diagnosis supported preventive eye care and reduced the risk of blindness among diabetic

patients.
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Il Literature Survey

Several researchers have contributed to the development of automated diabetic retinopathy detection systems using
machine learning, deep learning, and image processing techniques.

Prakash and Kumar [1] proposed an automated diabetic retinopathy detection system using Convolutional Neural
Networks (CNNs) and image processing techniques to improve classification accuracy. Mardianta et al. [2] developed a
CNN-based model enhanced with SMOTE and CLAHE techniques applied to fundus images for better class balancing and
image enhancement.

Ramesh et al. [3] implemented a deep learning-based approach for detecting diabetic retinopathy using retinal fundus
images, demonstrating improved performance in classification tasks. Shah et al. [4] presented a comparative study of
machine learning and deep learning techniques for diabetic retinopathy diagnosis.

Mane et al. [5] explored transfer learning-based deep neural networks for recognition and classification of diabetic
retinopathy, improving model efficiency. Bairagi [6] focused on detecting diabetic retinopathy using deep learning
methods and highlighted their effectiveness in medical image analysis.

Zhu et al. [7] provided a short survey on diabetic retinopathy classification using deep learning techniques applied to
fundus images, summarizing recent advancements. The study in [8] presented a deep learning approach for detecting
diabetic retinopathy, reported in IEEE ICCA 2024.

Bhulakshmi and Rajput [9] conducted a systematic review of deep learning-based diabetic retinopathy detection and
classification methods using fundus images, emphasizing various architectures and datasets.

Talukder et al. [10] proposed an improved model using transfer learning and ensemble learning techniques for enhanced
diabetic retinopathy detection. A broader study [11] reviewed machine learning and deep learning techniques focusing on
feature extraction, detection, and classification approaches.

Finally, Sharafeldeen et al. [12] introduced a method for diabetic retinopathy detection using 3D OCT features,
contributing to multimodal medical image analysis.

2.1 Problem Statement

e |t was stated that Diabetic Retinopathy (DR) was a leading cause of blindness among diabetic patients if it was not

detected early.

Manual diagnosis of DR using retinal images is time-consuming and depends heavily on expert ophthalmologists.

There is a shortage of skilled eye specialists, especially in rural and remote areas.

Early symptoms of DR are often unnoticed, leading to delayed treatment and vision loss.

Existing diagnostic methods may suffer from subjectivity and human error.

It was stated that there was a need for. An automated system that can accurately detect and classify DR from retinal

images.

Current systems may have limitations such as low accuracy, poor image handling, and lack of scalability.

e It was stated that the objective was to develop an efficient and reliable system using Python for automatic DR
detection.

e It was stated that the system should use It was stated that image processing and deep learning were used techniques
for better accuracy and faster results.

e It should reduce workload on medical professionals and support faster clinical decision-making.

e The solution should be cost-effective and suitable for large-scale diabetic screening programs.

e  The system should improve early detection and help prevent blindness caused by diabetic retinopathy.

111 SYSTEM DESIGN & METHODOLOGY

3.1 Existing System:

The existing diabetic retinopathy detection systems mainly rely on manual examination of retinal fundus images by
ophthalmologists. Although reliable, this process is time-consuming, subjective, and unsuitable for large-scale screening.
Traditional image processing methods and machine learning algorithms such as SVM, KNN, and Random Forest have also
been used, but their performance depends heavily on manual feature extraction and image quality. While recent CNN-
based deep learning systems have improved detection accuracy, many require large datasets and high computational
resources. Therefore, there is a need for an efficient, automated, and cost-effective diabetic retinopathy detection system
using Python and deep learning techniques..

3.2 Proposed system:

The proposed system is an automated diabetic retinopathy detection system developed using Python, designed to improve
accuracy, speed, and accessibility in diagnosing eye diseases. In this system, retinal funds images are taken as input and
processed using Python-based libraries such as OpenCV and NumPy for It was stated that preprocessing steps such as
noise removal were performed. Contrast enhancement, and image resizing. After preprocessing, the system uses a deep
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learning model, mainly a Convolutional Neural Network (CNN), to analyze the It was stated that retinal images were
analyzed to detect signs of diabetic retinopathy such as micro aneurysms, hemorrhages, and exudates. It was stated that the
model was trained on a large dataset of retinal images. To improve prediction accuracy and is capable of classifying the
disease into different stages, such as It was stated that the classes included no DR, mild, moderate, severe, and
proliferative. Diabetic retinopathy. The system provides fast and reliable results, reducing the need for manual
examination and helping doctors in early diagnosis. It can also be integrated into healthcare platforms for real-time
screening and remote diagnosis. Overall, the proposed system is more efficient, automated, and user-friendly compared to
existing methods, making it suitable for large-scale medical use.

3.3 Block Diagram of the System:
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Fig 1 Block diagram of design and development of diabetic retenotherapy

The diagram shows the step-by-step process used to detect Diabetic Retinopathy (DR) from retinal images.

Data Acquisition: A retinal funds image is collected as the input image.

Preprocessing : The image is improved using:

Transformation (resizing and normalization)

Filtering (noise removal)

Data Augmentation (rotation, flipping, zooming) . This helps improve image quality and model performance.
Segmentation: Important retinal regions are separated from the background. This helps identify disease-related features
more accurately.

Feature Extraction: Key retinal structures are extracted, such as:

= Blood vessels

= Lesions

Optic disc and optic cup

Performance Evaluation: The processed image and extracted features are evaluated to ensure accurate detection.
Result Generation: The system generates segmented images and detection results.

DR Detection: A CNN-based model analyzes the extracted features and classifies the retinal image into different stages of
diabetic retinopathy.
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3.4. Methodology

The methodology of the diabetic retinotherapy system begins with collecting retinal fundus images from datasets such as
Kaggle and APTOS. The images undergo preprocessing techniques including resizing, noise removal, contrast enhancement,
and normalization to improve image quality. Data augmentation methods such as rotation, flipping, and zooming are applied
to increase the training dataset.

Next, feature extraction and segmentation techniques are used to identify important retinal features such as blood vessels,
microaneurysms, exudates, and hemorrhages. A Convolutional Neural Network (CNN) is then trained to classify retinal
images into Normal, Mild, Moderate, Severe, and Proliferative Diabetic Retinopathy stages. Finally, the model is evaluated
using metrics such as accuracy, precision, recall, sensitivity, specificity, and F1-score. The system generates the detected DR
stage and assists healthcare professionals in early diagnosis and treatment planning.
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IV IMPLEMENTATION &EXPERIMENTAL SET UP

4.1 Design and Implementation:

Diabetic Retinopathy (DR) is a severe eye disease caused by diabetes that damages the retina and may lead to blindness if
not detected early. Manual diagnosis requires experienced ophthalmologists and consumes more time. To overcome this
problem, which is an automated system for detecting diabetic retinopathy is developed using Python and which is based on
deep learning techniques.

The proposed system is mainly designed and evaluated based on two important performance parameters:

e Model Accuracy
e Model Loss

These metrics help determine how efficiently the Convolutional Neural Network (CNN) model learns retinal
image features and predicts disease stages.
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Fig 2 Design and Implementation

Expected Performance:

Parameter Expected Result
Training Accuracy 90% — 98%
Validation Accuracy 85% — 95%
Training Loss Low
Validation Loss Low
Prediction Quality High

Model represents accuracy

“Which measures how correctly the’” CNN model predicts retinal disease stages.
Accuracy Formula

Correct Predictions
x100

Accuracy = Total Predictions
MODEL L oss:

Loss measures the prediction error of the model.

e Lower loss — Better performance
e  Higher loss — Poor prediction
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The system uses categorical cross-entropy loss for multi-class classification.

Loss Formula

N
L= —Z' 1yilog(37f)

=
Where
yi=Actual output
(y1)=Predicted probability
N=Number of classes

4.2 Architecture Diagram:
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Fig 3 Architecture Diagram of the Human Eye

4.3 Screenshots of circuits/GUl/structure:

Result tab:
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V Results & Discussion:

The diabetic retinopathy detection model was successfully trained using a CNN algorithm in Python. The graph shows
both training accuracy and validation accuracy increasing gradually with each epoch, which indicates that the model

learned effectively from the retinal image dataset.
The training accuracy increased from approximately 58%o to 99%.

The validation accuracy improved from approximately 60%o to 98.5%.

The validation loss decreased gradually, showing better prediction performance.
The model achieved stable learning without major over fitting.

The final result indicates that the system can detect diabetic retinopathy with good accuracy and can be used for automated
retinal image classification and early disease detection.

Module test case and result:

Module Name Test Case Expected Result Actual Result Status
Image Upload Upload retinal fundus Image should upload Image uploaded Pass
Module image successfully successfully
Image Apply resizing and Noise should be reduced Image enhanced Pass
Preprocessing filtering and image enhanced correctly
Module
Feature Extraction Extract retinal features Important features should Features extracted Pass
Module using Gabor Filter/CNN be extracted successfully
Dataset Loading Load training and testing Dataset should load Dataset loaded Pass
Module dataset without errors correctly
CNN Training Train model with retinal Model should train Model trained with Pass
Module images successfully good accuracy
Classification Predict DR stage from System should classify Correct classification Pass
Module image disease stage generated
Accuracy Calculate accuracy and Accuracy and loss graphs Graphs generated Pass
Evaluation Module loss should display successfully
Confusion Matrix | Generate confusion matrix Matrix should show Confusion matrix Pass
Module prediction performance displayed correctly
User Interface Upload image and view User should receive Prediction displayed Pass
Module result prediction result successfully
Result Generation Display final diagnosis System should show DR Final output generated Pass
Module detection result correctly

Table 5.1 Module test case and result
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VI Conclusion & Future Work

VVVVVVYVYY

6.1 Conclusion:

The diabetic retinopathy detection system achieved good model accuracy in identifying different
stages of diabetic retinopathy from retinal images. The accuracy increased and the loss decreased
during training, showing effective learning and reliable performance. The developed Python-based
system provides fast and accurate detection, helping in early diagnosis and reducing the risk of vision
loss.

6.2 Future work:

In future work, the model accuracy of the diabetic retinopathy detection system can be
improved by using larger retinal image datasets and advanced deep learning algorithms. Data
augmentation and transfer learning techniques can also be applied to increase prediction performance.
The system can be enhanced to detect diabetic retinopathy in real time and integrated with cloud or
mobile applications for easy healthcare access. Further optimization can help achieve higher accuracy,
reduced loss, and faster diagnosis results.

Improve model accuracy using larger retinal image datasets.

Apply advanced deep learning models for better prediction performance.

Use data augmentation techniques to reduce over fitting.

Implement transfer learning to increase classification accuracy.

Develop a real-time diabetic retinopathy detection system.

Integrate the model with mobile and cloud-based healthcare applications.
Reduce model loss and improve prediction speed.

Enhance the system for multi-disease eye detection in future applications.
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