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Abstract

Cataracts are one of the leading causes of blindness and vision impairment worldwide, particularly in the elderly. Early
identification of cataract severity is crucial for planning appropriate medical intervention and preventing further visual
deterioration. Traditional cataract diagnosis relies heavily on the manual examinations performed by ophthalmologists, which
can be time-consuming and subjective. This paper proposes an automated deep learning technique that classifies cataract phases
into immature and mature categories using ocular images to address this problem. A Convolutional Neural Network (CNN)
model is developed to learn discriminative visual characteristics from eye images following appropriate preprocessing and
normalisation. The annotated images in the dataset that show both stages of cataracts allow the model to be trained under
supervision. The trained network is evaluated using performance metrics such as accuracy, precision, recall, and F1-score. The
studies' findings demonstrate that the proposed approach effectively and consistently distinguishes between immature and
mature cataracts. Furthermore, the model is integrated into a user-friendly Flask-based online application that allows real-time
prediction and image submission. The proposed framework provides an accessible and cost-effective means to assist
ophthalmologists and encourage early cataract screening in distant and resource-constrained settings.
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I. Introduction

A cataract is a progressive eye condition that clouds the natural lens, causing impaired vision and, in severe cases, complete
blindness. According to global health assessments, cataracts are still one of the main causes of blindness worldwide, especially
among older people. To avoid problems and guarantee prompt surgical intervention, early detection and precise assessment of
cataract severity are crucial. However, traditional diagnosis relies on ophthalmologists' manual slit-lamp examination, which
requires significant time, specialized equipment, and clinical expertise. Access to these medical facilities is restricted in many
rural and resource-constrained areas, delaying diagnosis and treatment.

Recent advances in artificial intelligence, particularly deep learning, have significantly improved medical picture
interpretation. Convolutional Neural Networks (CNNs) have demonstrated exceptional efficacy in identifying complex visual
patterns in medical images, enabling highly precise automated diagnosis.

Deep learning-based systems reduce dependency on humans, minimise diagnostic variability, and provide faster screening
solutions. Cataract Al, a deep learning-based method for automatically classifying cataract stages using ocular images, is
presented in this research. The system is designed to distinguish between immature and mature cataracts using supervised
learning. The proposed model preprocesses input eye images using feature extraction layers and fully connected classification
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layers to generate reliable predictions. The trained model is also included in a Flask-based web application that allows users to
upload photographs and receive real-time diagnostic predictions.

This study's primary contribution is the creation of a user-friendly and effective automated cataract stage classification system
that can enable widespread screening initiatives and aid medical practitioners. The suggested framework illustrates the potential
of Al-driven tools in contemporary ophthalmology by fusing deep learning methods with useful implementation.

II. Proposed Methodology

The entire framework of the suggested Cataract Al system for automated cataract stage categorization is covered in this section.
Preprocessing, model building, training, deployment, and dataset preparation make up the technique.

A. Dataset Description

The labelled ocular pictures in the dataset utilized in this study are divided into two classes: Immature Cataract and Mature
Cataract. These pictures depict several phases of lens opacity; adult cataracts show total opacity that significantly impairs
vision, whereas immature cataracts show partial clouding of the lens. To facilitate supervised learning, the dataset is arranged
into distinct folders that correspond to each class. The deep learning algorithm is able to learn discriminative patterns between
early-stage and advanced-stage cataracts because each image captures the visible features of the eye.

To properly assess model performance, the dataset is split into training and testing subsets prior to training. This division
guarantees that the trained model performs properly when applied to new images.
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Figure 1: Sample Images of Immature and Mature Cataract Classes
B. Image Preprocessing

The size, illumination, and background noise of medical photographs frequently differ. Preprocessing is therefore a crucial
stage in enhancing model performance.

The preprocessing procedures listed below were used:
Resizing images to a consistent size appropriate for CNN input
Pixel values are normalized to scale data between 0 and 1.

If used, data augmentation techniques like rotation, flipping, and zooming can enhance generalisation. Transforming pictures
into numerical arrays in order to train models .These preprocessing procedures lessen over fitting and improve feature
extraction performance.
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C. Model Architecture

For the binary categorization of cataract phases, a Convolutional Neural Network (CNN) model is created. The excellent ability
of CNN to extract spatial characteristics from visual data is the reason for its selection.

The architecture is made up of:

e Convolutional layers for the extraction of significant visual elements

e To add non-linearity, use ReLU activation functions

e Reducing spatial dimensions by max-pooling layers

e A layer that has been flattened to create a 1D vector from feature maps
e Dense layers with full connections for categorization

e The output layer's sigmoid activation function for binary prediction

Patterns like lens opacity level, brightness fluctuations, and structural distinctions between immature and mature cataracts are
automatically learned by the network.

D. Model Training
Under supervised learning, labelled photos are used to train the model. The configuration for training consists of:

e Binary Crossentropy is the loss function.

e Adam is the optimizer.

e Evaluation metrics include F1-score, accuracy, precision, and recall.

e Several epochs to guarantee convergence

e To avoid over fitting, training and validation performance are tracked. Real-time prediction is made using the final trained
model, which is saved.

E. System Deployment

The model is included into a Flask-based web application to make it practically useable. The online interface enables users to:

e Upload a picture of your eyes

e Use the CNN model that has been trained to process the image.

e Show the anticipated cataract stage (Mature or Immature).

e This implementation shows how the suggested approach can be used in clinical screening settings.

II1. Results and Discussion

After training the Convolutional Neural Network model on labelled ocular pictures, the effectiveness of the suggested Cataract
Al system was assessed using common classification criteria. The system was created to differentiate between two groups:
mature (cataract stage) and immature (normal stage). The trained model showed good classification abilities in recognizing
differences in lens opacity between the two groups during evaluation. The model successfully learned discriminative visual
characteristics from the dataset, according to the accuracy metric. Other performance metrics, such as precision, recall, and
F1-score, further bolster the reliability of the classification system. To confirm real-time applicability, the trained model was
integrated into a Flask-based web application. The prediction interface allows users to upload a picture of their eyes. After
analysing the image, the algorithm provides the predicted category.
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Figure 2: Prediction Interface — Normal Classification

The technology accurately recognizes a healthy or early-stage (immature) eye picture, as shown in the above figure. The
uploaded image and the anticipated label are prominently displayed on the Ul, signifying that the model deployment was
successful.
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Figure 3: Prediction Interface — Cataract Classification

The system accurately identifying an eye with cataracts is shown in the figure. The model's capacity to capture opacity patterns
and structural changes is demonstrated by the hazy lens region's accurate classification as cataract.

According to the experimental findings, the CNN model effectively captures pertinent visual characteristics including texture
changes and lens clouding severity. Real-time prediction outputs show how well the model generalizes to fresh input photos.

Even though the algorithm works well, small misclassifications could happen because of differences in lighting, image quality,
or visual traits that overlap between immature and mature phases. Larger datasets and more sophisticated designs could be
added in the future to further improve resilience.

IV. Conclusion

This work offered a deep learning-based automated method for classifying cataract phases from ocular images. A
Convolutional Neural Network (CNN) model was developed to distinguish between immature and mature cataracts by learning
discriminative visual traits linked to lens opacity. The model demonstrated consistent performance in classification tasks and
was successfully integrated into a Flask-based web application for real-time prediction. The deployment component shows
how the system can be used in practice to support clinical screening and early diagnosis. The proposed Cataract Al system can
assist ophthalmologists and improve early detection at a reasonable cost in resource-constrained contexts. Future developments
may focus on multi-stage grading, larger datasets, and explainable Al techniques to further boost clinical reliability.
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