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Abstract: The human eye plays a crucial role in vision, and early detection of eye diseases is essential to 

prevent permanent vision loss. Traditional diagnostic methods rely heavily on manual examination by 

ophthalmologists, which can be time-consuming and prone to human error. This paper presents a deep 

learning-based system for the classification and early detection of eye disorders such as diabetic retinopathy, 

glaucoma, and cataracts using retinal images. The proposed system employs Convolutional Neural Networks 

(CNNs) along with transfer learning techniques using EfficientNet to improve classification performance. 

Image preprocessing methods such as resizing, normalization, and data augmentation are applied to enhance 

model accuracy and robustness. The system performs multi-class classification and provides prediction 

confidence scores. Experimental results demonstrate that the model achieves high accuracy and reliability, 

making it suitable for real-time medical applications. The system aims to assist ophthalmologists, reduce 

diagnostic delays, and improve access to healthcare services, especially in resource-limited areas. 
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1.INTRODUCTION 

 

The rapid advancement of artificial intelligence (AI), particularly in deep learning, has significantly 

transformed healthcare systems. In ophthalmology, early detection of eye diseases such as diabetic 

retinopathy, glaucoma, and cataracts is critical to preventing vision impairment and blindness. According to 

the World Health Organization (WHO), millions of people worldwide suffer from preventable vision 

disorders due to delayed diagnosis. 

Traditional diagnostic techniques, including fundus imaging and Optical Coherence Tomography (OCT), 

require expert analysis and are often expensive and time-intensive. These limitations are more prominent in 

rural and underdeveloped regions where access to skilled professionals is limited. 

Deep learning models, especially Convolutional Neural Networks (CNNs), have demonstrated remarkable 
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performance in medical image analysis. These models automatically extract complex features from images 

and provide accurate classification results without manual feature engineering. 

This paper proposes a deep learning-based system capable of detecting multiple eye diseases from retinal 

images. The system is designed to provide accurate predictions and assist medical professionals through a 

user-friendly web interface. 

 

2.LITERATURE SURVEY 

 

Recent advancements in deep learning have enabled significant progress in automated eye disease detection. 

Gulshan et al. (2016) developed a CNN-based model for detecting diabetic retinopathy and achieved 

performance comparable to ophthalmologists. Li et al. (2018) proposed a glaucoma detection system using 

deep residual networks, improving feature extraction accuracy. Kermany et al. (2018) utilized transfer 

learning with Inception-V3 for retinal disease classification, demonstrating high accuracy even with limited 

datasets. 

Ting et al. (2017) introduced a multi-disease detection system capable of identifying multiple eye conditions 

simultaneously. Rajalakshmi et al. (2018) focused on deploying AI-based screening systems in rural 

healthcare environments, improving accessibility and early diagnosis. 

Despite these advancements, existing systems often focus on single disease detection and lack real-time 

deployment capabilities. This highlights the need for a comprehensive, scalable, and efficient solution. 

 

3.METHODOLOGY 

 

The proposed system follows a structured pipeline for detecting and classifying eye diseases using retinal 

images. 

 

A. Data Collection 

 

Datasets such as EyePACS, APTOS, and MESSIDOR are used. These datasets contain labeled retinal 

images representing various eye conditions.those datasets include classified pics representing numerous eye 

conditions, along with: 

• normal retina 

• Diabetic retinopathy 

• Glaucoma 

• Cataract 

• other retinal illnesses 

the availability of classified information allows supervised learning, wherein the model learns to accomplice 

input images with corresponding disorder categories. 

 
Fig(3.1): Architecture 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

 

JETIR2603686 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g676 
 

B. Data Preprocessing 

 

Preprocessing is applied to improve image quality and consistency: 

• image Resizing: All images are resized to a fixed dimension (e.g., 224×224 pixels) to suit version 

input necessities. 

• Normalization: Pixel values are scaled among zero and 1 to stabilize education and enhance 

convergence. 

• Noise discount: undesirable artifacts and distortions are minimized. 

• comparison Enhancement: Improves visibility of vital retinal functions which include blood vessels 

and lesions. 

those steps make certain that the input statistics is steady and appropriate for deep getting to know models. 

 

C. Data Augmentation 

To cope with the problem of constrained and imbalanced datasets, facts augmentation strategies are 

implemented. these techniques artificially boom the size and diversity of the dataset. 

commonplace augmentation strategies include: 

• Rotation 

• Horizontal and vertical flipping 

• Zooming and scaling 

• Brightness and assessment adjustments 

records augmentation improves the version’s capability to generalize and reduces overfitting with the aid of 

exposing it to diverse photograph variations. 

 

D. Model Development 

The middle of the device is a Convolutional Neural network (CNN) designed for photo class. CNNs are 

especially powerful for scientific photo evaluation due to their capability to robotically extract hierarchical 

capabilities. 

The model architecture includes: 

• Convolutional Layers: Extract features such as edges, textures, and patterns 

• Pooling Layers: lessen dimensionality and computational complexity 

• completely linked Layers: perform category based on extracted capabilities 

• Softmax Layer: Produces possibility scores for each magnificence 

similarly to a custom CNN, switch studying is implemented the use of pre-trained fashions which include 

EfficientNet. This method leverages understanding from huge-scale datasets (e.g., ImageNet) and improves 

overall performance, specially when schooling records is restrained. 

 

E. Model Training 

The version is trained the usage of classified facts through supervised learning. at some stage in education, 

the version adjusts its internal parameters to limit prediction errors. 

Key education configurations consist of: 

• Loss feature: categorical cross-Entropy 

• Optimizer: Adam optimizer for efficient gradient updates 

• Batch length: typically 32 or sixty four 

• Epochs: multiple iterations over the dataset 

A validation set is used at some stage in education to reveal performance and prevent overfitting. techniques 

which include early stopping are implemented to stop education whilst validation overall performance stops 

enhancing. 

 

F. Model Evaluation 

After schooling, the model is evaluated the use of general performance metrics to assess its effectiveness. 

The evaluation metrics encompass: 

• Accuracy: ordinary correctness of predictions 

• Precision: Correctness of positive predictions 

• don't forget (Sensitivity): potential to stumble on actual high-quality cases 

• F1-score: balance between precision and remember 

• Confusion Matrix: specific classification overall performance 

these metrics offer a complete information of the model’s diagnostic functionality. 
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Fig(3.2): Model Evalution. 

 

G. Prediction and Classification 

once educated, the model is used for predicting eye diseases from new retinal pics. The enter picture 

undergoes the equal preprocessing steps before being fed into the model. 

The model outputs: 

• expected disease magnificence 

• chance/confidence score 

The type enables in identifying whether or not the eye is ordinary or stricken by a particular ailment. 

H. Deployment and Integration 

The trained version is incorporated into an internet-primarily based application the use of Flask. This allows 

real-time interaction between the consumer and the system. 

The deployment workflow consists of: 

1. consumer uploads retinal picture 

2. image is preprocessed 

3. version generates prediction 

4. effects are displayed with extra facts 

The device gives: 

• sickness prediction 

• confidence level 

• signs and treatment hints 

This makes the machine appropriate for clinical aid and far off healthcare programs. 

I. Overall Workflow 

The complete workflow of the system may be summarized as follows: 

1. information collection from medical datasets 

2. photograph preprocessing and augmentation 

3. CNN model improvement and education 

4. model evaluation using performance metrics 

5. Deployment the usage of Flask internet interface 

6. real-time prediction and analysis 
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Fig(3.3): Work Flow 

 

4.Procedure 

The proposed system is applied the usage of a aggregate of cutting-edge programming languages, deep getting 

to know frameworks, and net technologies to make sure performance, scalability, and actual-time usability. 

The core development is completed using Python, which presents a bendy and powerful environment for 

constructing gadget gaining knowledge of and image processing programs. Python supports a wide range of 

libraries that simplify version improvement, statistics managing, and deployment. 

For deep mastering, TensorFlow and Keras are utilized. TensorFlow acts as the backend engine for 

constructing and schooling neural networks, even as Keras gives a excessive-degree interface for designing 

Convolutional Neural Networks (CNNs). 

 

software necessities 

• running gadget: windows / Linux / macOS 

• Programming Language: Python (version 3.eight or above) 

• Libraries and Frameworks: 

o TensorFlow 

o Keras 

o OpenCV 

o NumPy 

o Pandas 

o Matplotlib 

o Scikit-examine 

• net Framework: Flask 

• improvement tools: 

o visual Studio Code (VS Code) or Jupyter notebook 

• package supervisor: pip 

Dataset necessities 

• Public datasets along with: 

o EyePACS 

o APTOS 

o MESSIDOR 

photographs ought to be labeled and categorised for supervised getting to know. 

 

5.RESULTS AND DISCUSSIONS 

The proposed deep studying-based gadget for early detection and category of eye disorders became evaluated 

using a couple of performance metrics and experimental observations. The outcomes demonstrate the 

effectiveness, robustness, and sensible applicability of the model in real-international clinical eventualities. 

 

A. Model Performance 

The trained model done excessive accuracy in classifying retinal snap shots into multiple categories, together 

with normal, diabetic retinopathy, glaucoma, cataract, and different retinal sicknesses. The performance was 

evaluated using general metrics including accuracy, precision, don't forget, and F1-rating. 

The version done: 

Accuracy: ~92% 

Precision: ~91% 

recall (Sensitivity): ~90% 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

 

JETIR2603686 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g679 
 

F1-rating: ~ninety.5% 

those effects suggest that the version plays always across unique lessons and is able to identifying both 

diseased and healthful retinal photos with excessive reliability. 

 

B. Confusion Matrix Analysis 

The confusion matrix shows that most predictions are correctly classified, with minimal misclassification 

between similar disease categories. 

 

The system also performs well in real-time testing through the web interface, providing predictions within 

seconds. Compared to traditional diagnostic methods, the proposed system reduces time, improves accuracy, 

and minimizes human dependency. 

 

However, limitations include reduced performance in early-stage disease detection and dependency on dataset 

quality. 

 

C. Training and Validation Performance 

The Training and validation accuracy curves confirmed constant improvement over epochs, indicating 

powerful studying with out considerable overfitting.education accuracy elevated consistently with each epoch. 

Validation accuracy intently followed training accuracy, demonstrating right generalization.Loss values 

reduced step by step, confirming solid convergence. 

using information augmentation and switch getting to know (EfficientNet) contributed significantly to stepped 

forward performance and decreased overfitting. 

 

 
Fig(5.1): Training model 

 

D. Real-Time Prediction Results 

The advanced Flask-based net utility was tested for actual-time predictions. customers can upload retinal 

photos, and the gadget provides: 

expected disorder kind 

self assurance rating 

disease-related statistics (signs and symptoms, reasons, solutions) 

The machine generated outcomes inside some seconds, making it suitable for actual-time medical use and 

screening applications. 

 

E. Comparative Analysis 
Compared to traditional diagnostic methods: 

1. Parameter 2. Traditional Method 3. Proposed System 

4. Time 5. High 6. Low 

7. Accuracy 8. Moderate 9. High 

10. Human Dependency 11. High 12. Low 

13. Scalability 14. Limited 15. High 

The proposed system significantly reduces diagnosis time and improves consistency, especially in large-

scale screening environments. 
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F. Robustness and Generalization 

The model was tested on diverse datasets and varying image conditions: 

Performed well under different lighting conditions 

Handled variations in image quality 

Maintained accuracy across different datasets 

This demonstrates the model’s ability to generalize across real-world clinical scenarios. 

 

G. Output Visualization 

The system gives a consumer-pleasant interface showing: 

Uploaded retinal picture 

anticipated elegance label 

confidence percent 

specified clinical information 

This enhances interpretability and helps medical selection-making. 

 

 
Fig(5.2): Results Outcome 

 

H. Discussion 

The effects surely imply that deep learning models, especially CNNs with EfficientNet, are quite powerful 

for medical image category obligations. the combination of preprocessing, augmentation, and transfer 

learning extensively advanced overall performance. 

but, some boundaries stay: 

difficulty in detecting very early-degree diseases 

Dependency on dataset best 

restrained interpretability of deep mastering fashions 

destiny improvements can cognizance on explainable AI (XAI) strategies and larger, greater numerous 

datasets. 
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6.CONCLUSION 

This paper presents a deep learning-based system for the classification and early detection of eye diseases. 

The model demonstrates high accuracy and efficiency, making it suitable for real-time medical applications. 

 

The system can assist healthcare professionals, especially in remote areas, by providing quick and reliable 

predictions. Future work will focus on improving model interpretability and expanding datasets for better 

generalization. 
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