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Abstract:

Early detection of retinal diseases is essential to prevent vision loss and reduce the burden on healthcare
systems. However, traditional diagnostic methods are time-consuming, require expert ophthalmologists, and
are not easily accessible in rural or resource-limited areas. This paper presents an intelligent eye disease
detection system based on high-resolution fundus images using a hybrid machine learning approach. The
proposed system combines Convolutional Neural Networks (CNN) for feature extraction and Support Vector
Machine (SVM) for accurate classification of retinal diseases such as Diabetic Retinopathy and Glaucoma.
The system includes image preprocessing techniques to enhance image quality and a heatmap generation
mechanism to highlight affected regions of the retina, improving interpretability for medical professionals. A
web-based platform is developed to allow users to upload retinal images and receive instant diagnostic results.
The proposed solution aims to provide fast, reliable, and accessible screening, especially in remote areas.
Experimental results demonstrate that the system achieves high accuracy while maintaining real-time
performance, making it suitable for large-scale retinal disease detection and early diagnosis.
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INTRODUCTION

Retinal diseases such as Diabetic Retinopathy, Glaucoma, and Age-related Macular Degeneration are among
the leading causes of vision impairment and blindness worldwide. These diseases often progress silently in
their early stages, making timely diagnosis essential for preventing permanent vision loss. However,
traditional diagnostic methods depend heavily on expert ophthalmologists and specialized medical equipment,
which makes the process time-consuming, expensive, and less accessible, especially in rural and underserved
regions. The lack of large-scale screening facilities further increases the risk of delayed detection and
treatment.

Recent advancements in artificial intelligence, particularly in deep learning and medical image processing,
have shown significant potential in automating disease detection. Convolutional Neural Networks (CNNSs)
are widely used for analyzing medical images due to their ability to extract complex visual features. However,
relying solely on deep learning models may sometimes limit classification efficiency. To address this, hybrid
approaches that combine deep learning with machine learning techniques can enhance both accuracy and
reliability.

This work focuses on the implementation of an Al-based retinal disease detection system using high-
resolution fundus images. The proposed system utilizes a hybrid model that combines CNN for feature
extraction and Support Vector Machine (SVM) for classification of retinal diseases. The system also generates
heatmaps to highlight affected regions, improving interpretability for medical professionals. A web-based
platform is developed to allow users to upload retinal images and obtain instant diagnostic results. The primary
objective of this system is to provide an efficient, accessible, and user-friendly solution for early detection of
retinal diseases, thereby supporting timely medical intervention and reducing the risk of blindness.

IJIRMPS2603233124 Website: www.ijirmps.org Email: editor@ijirmps.org 1



https://www.ijirmps.org/

Volume 14 Issue 3 @ May-June 2026 IJIRMPS | ISSN: 2349-7300

LITERATURE SURVEY

The application of artificial intelligence in retinal disease detection has gained significant attention in recent
years, particularly with the advancement of deep learning and medical image analysis techniques. Researchers
have explored various approaches using fundus images to improve early diagnosis and classification of eye
diseases.

Ni (2023) introduced a Panretinal Optical Coherence Tomography (OCT) imaging system integrated with
artificial intelligence to enhance automated detection of retinal conditions. The study emphasized improving
imaging techniques along with Al-based analysis to expand clinical applicability. However, the approach
mainly focused on imaging systems rather than large-scale automated screening using standard fundus
images.

Albelaihi (2024) proposed a deep learning-based system for detecting diabetic eye diseases using models such
as EfficientNetB0, VGG16, and ResNet152v2. The study demonstrated that deep neural networks can achieve
high accuracy in disease classification. Although the system showed strong performance, it primarily relied
on single-model architectures, which may limit generalization and interpretability in real-world scenarios.
Sabel (2021) explored computational modeling techniques for non-invasive electrical stimulation of the eye
and brain using phosphene thresholds. While the work contributed to understanding retinal and neural
responses, it focused more on therapeutic applications rather than automated disease detection using image
analysis.

Muntagim (2024) proposed a multi-stage deep learning approach for eye disease detection, incorporating fine-
grained feature extraction and cloud-based deployment for real-time screening. The system highlighted the
importance of combining multiple processing stages to improve detection accuracy. However, the complexity
of multi-stage models increases computational requirements and may affect real-time performance.

Overall, existing research confirms that deep learning techniques are highly effective for retinal image
analysis and disease classification. However, many systems either focus on single-model approaches, lack
interpretability, or do not provide user-friendly platforms for real-world deployment. The proposed system
addresses these limitations by implementing a hybrid CNN-SVM model along with heatmap visualization
and a web-based interface, ensuring improved accuracy, better interpretability, and practical usability for
large-scale retinal disease screening.

METHODOLOGY

The proposed system follows a structured methodology that integrates image processing, deep learning, and
web-based deployment to enable efficient retinal disease detection. The overall workflow consists of image
acquisition, preprocessing, feature extraction, classification using a hybrid model, and result visualization.
Initially, retinal (fundus) images are collected from available datasets or uploaded by users through the web
interface. These images may vary in size, quality, and lighting conditions; therefore, preprocessing is
performed to standardize the input. This includes resizing images to a fixed dimension, noise reduction,
normalization, and contrast enhancement to improve important retinal features such as blood vessels and
lesions.

After preprocessing, feature extraction is carried out using a Convolutional Neural Network (CNN). The CNN
automatically learns and extracts significant visual patterns from the retinal images, such as microaneurysms,
hemorrhages, and structural abnormalities. These extracted features represent the critical information required
for accurate disease classification. The extracted features are then passed to a Support Vector Machine (SVM)
classifier, forming a hybrid CNN-SVM model. The SVM is responsible for classifying the input image into
different categories such as Diabetic Retinopathy, Glaucoma, or Normal. This combination improves
classification performance by leveraging the feature learning capability of CNN and the strong decision
boundaries of SVM.

To enhance interpretability, the system generates heatmaps that highlight the affected regions in the retinal
image. These visual representations help medical professionals understand the basis of the prediction and
increase trust in the system. Finally, the trained model is integrated into a web-based platform. Users can
upload retinal images, and the system processes the input in real time to generate predictions along with
confidence scores and visual outputs. The results are displayed through a simple and user-friendly interface,
enabling quick and accessible retinal disease screening.
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BLOCK DIAGRAM

OBJECTIVE

1.

2.

3.

To develop an intelligent system capable of detecting major retinal diseases such as Diabetic Retinopathy
and Glaucoma using fundus images.

To implement a hybrid machine learning model combining Convolutional Neural Network (CNN) and
Support Vector Machine (SVM) for improved accuracy and classification performance.

To design a system that generates heatmaps highlighting affected regions in the retina for better
interpretability and clinical support.

To build a web-based platform that allows users to upload retinal images and receive real-time diagnostic
results.

To provide an efficient, accessible, and user-friendly solution for early detection of eye diseases,
especially in rural and resource-limited areas

PROBLEM DEFINATIONS

Retinal diseases such as Diabetic Retinopathy and Glaucoma often go undetected in their early stages, leading
to irreversible vision loss. Traditional diagnostic methods require expert ophthalmologists, are time-
consuming, and are not easily accessible in rural or resource-limited areas. Therefore, there is a need for an
automated, accurate, and accessible system that can detect retinal diseases from fundus images and assist in
early diagnosis.

FUCTIONAL REQUIREMENTS

agrwdE

The system shall allow users to upload retinal (fundus) images through a web interface.
The system shall preprocess images (resizing, normalization, enhancement) before analysis.
The system shall detect and classify retinal diseases using the hybrid CNN-SVM model.
The system shall generate heatmaps to highlight affected regions in the retina.

The system shall display prediction results along with confidence scores to the user

NON FUCTIONAL REQUIREMENTS

arwDE

Performance: The system should provide fast results with minimal processing time.
Accuracy: The model should deliver reliable and high-accuracy predictions.
Usability: The interface should be simple and easy to use for non-technical users.
Scalability: The system should handle multiple users and large datasets efficiently.
Security: User data and medical images should be securely stored and protected.
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RESULTS
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Training and Validation Performance Analysis
The above graphs represent the performance of the proposed hybrid model during training and validation
phases. These metrics help evaluate how well the model learns to detect retinal diseases from fundus images.
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e Thetraining losses (box loss, classification loss, and distribution focal loss) show a consistent decreasing
trend over epochs. This indicates that the model is effectively learning important features from the retinal
images and improving its predictions over time.

« Similarly, the validation losses follow a generally stable pattern with slight fluctuations. This suggests
that the model is not overfitting significantly and is able to generalize well to unseen data.

« The precision graph shows an increasing trend, indicating that the model is improving its ability to
correctly identify positive cases (i.e., actual retinal diseases).

« The recall graph also improves steadily, which means the model is becoming better at detecting most of
the disease cases without missing them.

e The mAP (mean Average Precision) metrics, including mAP@50 and mAP@50-95, show gradual
improvement, reflecting better overall detection and localization performance of the model.
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Overall, these results demonstrate that the implemented model achieves good learning performance, stability,
and accuracy, making it suitable for reliable retinal disease detection in real-world scenarios

IMPLEMENTAION
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CONCLUSION
The proposed system provides an efficient solution for early detection of retinal diseases using a hybrid CNN—
SVM model. It achieves good accuracy while generating heatmaps for better interpretation. The web-based
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platform ensures easy access and real-time results, making it useful for large-scale screening, especially in
resource-limited areas.
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