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Abstract: 
            This project proposes and evaluates an algorithm to automatically detect the cataracts from color 

images in adult human subjects. Currently, methods available for cataract detection are based on the 

convolution neural network which is very expensive. The main motive behind this work is to develop an 

inexpensive, robust and convenient algorithm which in conjugation with suitable devices will be able to 

diagnose the presence of cataract from the true color images of an eye. An algorithm is proposed for cataract 

screening based on texture features: uniformity, intensity and standard deviation. These features are first 

computed and mapped with diagnostic opinion by the eye expert to define the basic threshold of screening 

system and later tested on real subjects in an eye clinic.  
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I.     INTRODUCTION 

A cataract [1] is an opacification of the 

natural intraocular crystalline lens that transmits 

the light entering the eye onto the retina in the 

posterior part of the eye. The opacification leads 

to a decrease in vision and may lead to complete 

vision loss if left untreated for long. Cataracts are 

the leading cause of preventable blindness in the 

world. At present, there is no preventive 

intervention for the progression of cataracts. The 

modern cataract surgery, which is the removal of 

the opacified lens and implantation of a clear 

intraocular lens (IOL)[2], is the only known and 

approved treatment for cataract. The cataract 

surgery involving removal of natural lens and 

implantation of IOL is the most effective 

procedure performed in ophthalmology with 3 

million Americans choosing to have cataract 

surgery each year, and with a success rate of 97 

percent or higher. A cataract is a clouding of the 

natural lens in the eye, leading to blurred or faded 

vision. It's a common condition, often related to 

aging, but can also be caused by other factors like 

injury, certain medications, or underlying medical 

conditions. The good news is that cataract surgery 

can effectively remove the cloudy lens and replace 

it with a clear artificial lens, restoring vision. In 

cataracts the lens become cloudy. The lens, 

normally clear, becomes cloudy, obstructing light 

passage to the retina. Sometimes progression 

occurs in eyes. Cataracts develop gradually, often 

over years, but can progress faster in some 

cases. The vision impairment can occurs and 

blurred, hazy, or less colorful vision can 

result. The common causes age-related changes, 

injury, diabetes, and certain medications are 

common culprits. Cataract surgery, which 

involves removing the cloudy lens and replacing it 

with an artificial one, is the most effective 

treatment.  

The paper is organized as follows: Section 2 

presents an overview of related work. Section 3 

explicates the methodology. Section 4 makes the 

concluding remarks. 

II.     LITERATURE REVIEW 

[Saket, Ajay,2012] 

The primary objectives of paper are to compare 

various edge detection techniques—both classical 
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and advanced and evaluate their effectiveness, 

especially in noisy and low-contrast conditions. The 

research aims to identify which edge detector 

provides the best balance of accuracy, 

computational efficiency, and robustness, with 

particular emphasis on the modified declivity 

operator. The study employed MATLAB to 

implement and compare multiple edge detection 

algorithms on grayscale images captured under 

varying illumination conditions. Techniques 

evaluated include Roberts, Sobel, Prewitt, LoG, 

Canny, basic declivity, and modified declivity 

operators. The study concludes that the modified 

declivity operator offers significant advantages 

over traditional edge detectors by effectively 

detecting true edges with reduced false positives, 

especially in noisy and low contrast conditions[3]. 
 

[Li Xiang, 2017] 

    The study successfully developed an 

approach to evaluate blurriness in retinal images 

with vitreous opacity for cataract diagnosis. The 

proposed method showed high accuracy in 

classifying retinal images into different grades of 

blurriness. The findings have implications for 

improving the diagnosis and decision-making 

process for cataract surgery. Detection of Vitreous 

Opacity: Morphological method with 

multithresholds to detect and remove vitreous 

opacity from retinal structure segmentation. 

Features are extraction of three types of features - 

pixel number of visible structures, mean contrast 

between vessels and background, and local 

standard deviation. Grading of Blurriness is done 

by decision tree trained to classify retinal images 

into five grades of blurriness.[4] 

 

[Jun Cheng, 2018] 

   It presents a technique on the application of 

sparse range-constrained learning (SRCL) in 

medical image grading. The paper highlights the 

importance of finding a sparse representation of 

medical images and the limitations of existing 

sparse learning algorithms in the context of 

medical image grading. The study proposes a 

novel approach, SRCL, which integrates the 

objective of finding a sparse representation and 

grading the image into one function. The paper 

also presents experimental results for two different 

applications: cup-to-disc ratio computation from 

retinal fundus images and cataract grading from 

slit-lamp lens images. Sparse learning and its 

effectiveness in solving real-world problems 

Sparse representation and its importance in various 

fields, including medical imaging medical image 

grading and the challenges associated with manual 

grading Sparse representation in medical image 

grading and its potential for improvement The 

proposed SRCL algorithm effectively integrates 

the objective of finding a sparse representation 

with the objective of grading the medical images. 

Experimental results show that SRCL improves 

the accuracy in cup-to-disc ratio computation and 

cataract grading. The integration of sparse range-

constrained learning with medical image grading 

improves the accuracy of the grading process. The 

proposed method has the potential to be applied to 

other medical image grading applications. Further 

research is needed to explore the application of 

SRCL in other grading problems, such as age 

estimation from facial images.[5] 

 

[Pratap, 2019]  

   They focuses on the development of 

computer-aided cataract diagnosis (CACD) 

methods using fundus retinal (FR) images. The 

study aims to improve the diagnostic performance 

and robustness of existing CACD methods by 

proposing new techniques. The research also 

includes a noise level estimation (NLE) technique 

to ensure robust performance in noisy 

environments. The study highlights the importance 

of early diagnosis and treatment of cataracts to 

reduce vision loss and delay cataract progression. 

The proposed CACD methods utilize deep neural 

networks (DNN) for feature extraction and 

classification, as well as support vector machine 

(SVM) classifiers. The research also addresses the 

issue of performance diminution in pre-trained 

DNN-based CACD methods due to noise in FR 

images. The interventions in this study include the 

development of new CACD methods and the 

implementation of the proposed NLE technique. 

The outcomes are measured in terms of diagnostic 

accuracy and performance improvement compared 

to existing methods. The study also evaluates the 



International Journal of Scientific Research and Engineering Development-– Volume 8 Issue 6, Nov-Dec 2025 

                Available at www.ijsred.com                                 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 2574 

robustness of the methods under noisy 

conditions.[6] 

 

[Jocelyn Hui Lin Goh, 2020] 

     The unique feature of the suggested 

algorithm focuses on the application of artificial 

intelligence (AI) in cataract detection and 

management. The study highlights the rising 

popularity of AI in ophthalmology and the 

potential of using AI algorithms for automated 

cataract assessment. The paper also discusses the 

limitations of current detection and diagnostic 

methods for cataract and the need for novel 

approaches in cataract detection. The algorithms 

used are Modified Active Shape Model, Support 

Vector Machine, Convolutional-Recursive Neural 

Network, Bag-of-features model, Group Sparsity 

Regression, Residual Neural Network. Promising 

results in automated cataract detection and grading 

using AI algorithms. The paper shows high 

accuracy and performance in identifying cataracts 

from slit lamp photographs and color fundus 

photographs.[7] 

 

[Indra Weni, 2021]  

    An algorithm that detects cataract based on 

image features using Convolutional Neural 

Networks (CNN). The study aims to improve the 

accuracy and minimize data loss in the 

identification process of cataracts. The traditional 

algorithm-based feature representation method is 

highly dependent on the classification process 

carried out by an eye specialist, which can lead to 

misclassification. The use of deep learning CNNs 

can help automate image classification and 

improve the accuracy of cataract identification. 

The research design involved the development of 

a CNN model for cataract identification. The 

dataset used consisted of 240 cataract images and 

140 normal eye images. The data preprocessing 

stage included rescaling and augmentation of the 

images. The data was then divided into training, 

testing, and validation sets. The CNN architecture 

included input, convolutional, activation, pooling, 

fully connected, and normalization layers. The 

model was trained using the Adam optimizer and 

cross-entropy loss function. he research 

successfully developed a CNN model for cataract 

identification based on image features. Increasing 

the number of epochs improved the accuracy of the 

model, with a maximum accuracy of 95% 

achieved with 50 epochs(Epoch: The number of 

times the entire training dataset is passed forward 

and backward through the neural network during 

training). The model showed good performance in 

accurately classifying cataract and normal eye 

images.[8] 

 

[Xiaoqing Zhang, Zunjie Xiao, Xiao Wu, Yu 

Chen, Risa Higashita, Wan Chen ,Jin Yuan, Jiang 

Liu, 2023] 

    Here it described an approach on the 

classification of nuclear cataract (NC) using 

anterior segment optical coherence tomography 

(AS-OCT) images. The study aims to develop an 

effective NC classification framework based on 

feature extraction and feature importance analysis. 

The research is significant as early intervention 

and cataract surgery can improve the vision and 

quality of life for NC patients. The research 

methodology includes the following steps: Feature 

extraction: Clinical global-local features are 

extracted from the whole nucleus region, up 

nucleus region, and down nucleus region of AS-

OCT images. Two nuclear size features (nuclear 

thickness and nuclear diameter) are also extracted. 

Feature importance analysis: Pearson's correlation 

coefficient (PCC) and recursive feature 

elimination (RFE) methods are used to analyse the 

importance of the extracted features. 

Classification: An ensemble logistic regression 

(EMLR) is employed to distinguish different 

severity levels of NC. The proposed feature 

extraction-based framework achieves an accuracy 

of 86.96% and a macro-sensitivity of 88.70% in 

distinguishing different severity levels of NC. The 

research paper concludes that the proposed feature 

extraction-based framework is effective in 

classifying different severity levels of nuclear 

cataract using AS-OCT images. The framework 

achieves high accuracy and macro-sensitivity, 

outperforming other machine learning methods. It 

has the potential to be used as a computer-aided 

diagnosis tool for nuclear cataract diagnosis and 

cataract surgery planning.[9] 
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[Stewart Muchuchuti and Serestina Viriri, 

2023] 

     An approach that provides a comprehensive 

review of the use of deep learning techniques for 

the detection and grading of various retinal 

diseases, including glaucoma, diabetic 

retinopathy, age-related macular degeneration, and 

multiple retinal diseases. The paper highlights the 

importance of early detection and treatment of 

retinal abnormalities to prevent vision loss and 

blindness. It also discusses the challenges of 

manual disease detection and the potential of deep 

learning models for computer-aided diagnosis in 

ophthalmology. The research paper is a 

comprehensive review that analyzes existing 

literature on the use of deep learning techniques 

for retinal disease detection. The authors 

conducted searches on Google Scholar and 

PubMed using keywords related to deep learning, 

ophthalmology, medical image datasets, 

fundoscopy, and OCT imaging. They focused on 

studies that used deep learning models, 

specifically CNNs and ViTs, for the detection and 

grading of prevalent retinal disorders. Deep 

learning models, such as CNNs and ViTs, have 

shown promising results in the detection and 

grading of retinal diseases. These models have 

achieved high accuracy levels comparable to 

human experts in diagnosing specific retinal 

pathologies. Fundus photography and OCT 

imaging are the most common imaging modalities 

used for capturing retinal morphological changes. 

Deep learning models have been successful in 

developing AI systems for automated CAD in 

ophthalmology, leveraging large clinical 

databases. The use of deep learning models for 

retinal disease detection is expected to become 

increasingly vital as an assistive technology. The 

research paper concludes that computer-aided 

diagnosis through deep learning will play an 

increasingly vital role in assisting 

ophthalmologists in the early detection and 

treatment of retinal diseases. The use of deep 

learning models, such as CNNs and ViTs, has 

shown promising results in the automated 

diagnosis of glaucoma, diabetic retinopathy, age-

related macular degeneration, and other retinal 

diseases. The authors emphasize the need for 

further research on the potential impact of using 

ensemble CNN architectures in multiclass, 

multilabel tasks and the improvement of model 

explainability.[10] 

 

[Sumeet Mathur and Sandeep Gupta, 2024] 

      The study focuses on enhancing edge 

detection (ED) in digital images, particularly in 

noisy images such as X-ray scans. The primary 

goal is to develop a robust, efficient method for 

detecting edges that maintains accuracy while 

reducing processing time. The significance lies in 

improving clinical diagnostics, image 

segmentation, and computer vision applications 

where precise edge detection is critical despite 

image noise. The edge detection involves 

identifying boundaries within images by detecting 

regions with rapid brightness changes. The core 

techniques include gradient-based methods (e.g., 

Sobel), second-order derivatives (Laplacian), and 

hybrid approaches like Laplacian of Gaussian 

(LoG). The noise reduction or denoising is 

essential prior to edge detection to prevent false 

edges; methods include Gaussian filtering, wavelet 

transforms, and median filters.The study 

introduces a novel approach that combines LoG 

filtering with denoising techniques to improve 

edge detection performance in noisy images. It 

implemented a combined denoising and edge 

detection pipeline utilizing Gaussian smoothing 

followed by LoG filtering. The outcomes 

measured include accuracy of edge detection (via 

PSNR, MSE, RMSE), processing time, and 

robustness against noise.The intervention aimed to 

improve edge localization accuracy while 

minimizing computational cost. The process was 

validated through experiments on multiple images, 

demonstrating effectiveness in noisy conditions. 

The proposed method significantly reduces 

processing time (average execution time around 

0.04–0.065 seconds per image) compared to 

baseline methods. The quantitative metrics show 

improved image quality lower MSE and RMSE 

values indicating fewer errors. The higher PSNR 

values (up to ~33.4) indicating better image 

reconstruction quality[11] 

 

[Shivam Kumar Upadhyay, 2024]  
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     It described deep learning techniques, 

specifically Convolutional Neural Networks 

(CNN) and Random Forest, for the detection of 

cataract diseases. The study aims to predict 

cataracts in advance to enable early diagnosis and 

appropriate management. The paper discusses the 

significance of cataract as a prevalent eye disease 

that causes visual distortion and the importance of 

early detection for effective treatment. The 

research methodology consists of two main 

models: one using Random Forest and the other 

using Convolutional Neural Network. The dataset 

used for training and validation is obtained from 

Kaggle. The images in the dataset are preprocessed 

using OpenCV and PIL libraries, including 

resizing and converting to array format. For the 

Random Forest model, the data is flattened and 

split into training and testing sets. The model is 

trained using the Random Forest Classifier and 

tested for accuracy. For the CNN model, the data 

is normalized and split into training and testing 

sets. A CNN model is defined using the Keras 

Sequential API, with convolutional layers, max 

pooling, flattening, dropout, and data 

augmentation. The model is trained using batch 

size and epoch cycles. The interventions in this 

study involve the implementation of the Random 

Forest and Convolutional Neural Network models 

for cataract detection. The outcomes measured 

include the accuracy of the models in predicting 

cataracts. The relationship between the 

interventions (models) and the results (accuracy) 

is analyzed. The Random Forest model achieves 

an accuracy of 92.44% on the dataset used. The 

Convolutional Neural Network model achieves an 

accuracy of 97.67% on the dataset used. The CNN 

model shows higher accuracy compared to the 

Random Forest model.[12] 

 

[Lahari P.L, 2024]  

     There it presents a novel deep learning 

framework called CSDNet for improved cataract 

state detection. The framework aims to be 

lightweight and adaptable for use in environments 

or devices with limited memory or storage 

capacity. The study utilizes cataract and normal 

images from the Ocular Disease Intelligent 

Recognition (ODIR) database. The proposed 

model achieves a binary classification accuracy of 

97.24% (normal or cataract) and an average 

cataract state detection accuracy of 98.17% 

(normal, grade 1—minimal cloudiness, grade 2—

immature cataract, grade 3—mature cataract, and 

grade 4—hyper mature cataract). The resulting 

model is lightweight at 17 MB and has fewer 

trainable parameters (175,617), making it suitable 

for deployment in memory-constrained 

environments or devices with limited storage 

capacity. With a runtime of 212 ms, it is well-

suited for real-time or near-real-time applications 

requiring rapid inference. The proposed model 

outperformed other pre-trained models in terms of 

accuracy and computational efficiency. The model 

is lightweight at 17 MB and has fewer trainable 

parameters (175,617), making it suitable for 

deployment in memory-constrained environments 

or devices with limited storage capacity. The 

proposed CSDNet framework demonstrated high 

accuracy in cataract state detection and 

classification. The lightweight nature of the model 

makes it suitable for deployment in memory-

constrained environments or devices with limited 

storage capacity. The study contributes to the field 

of cataract detection by providing an efficient and 

effective deep learning framework.[13] 
 

III. WORKPLAN AND METHODOLOGY 

 
Fig 1. Basic workflow of eye cataract detection 

Image Acquisition is collecting diseased eye 

using scanner or camera. The efficiency of 
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entire automatic detection system is based on 

dataset used. 

Preprocessing is the process of applying 

subsequent image operations to enhance the 

quality of image samples, for better processing. 

Preprocessing may involve noise removal, contrast 

stretching, binarization, normalization etc. 

Image segmentation means partitioning of 

image into various parts of same features or having 

some similarity. Dividing an image into distinct 

regions based on similar properties, such as color, 

intensity, or texture, to simplify analysis. The 

segmentation can be done using various method, 

k-means clustering [14].  

Feature extraction is the process of extracting 

features from images which can classify eyes into 

different categories depending upon their 

diseases. Feature extraction in image processing 

is the process of identifying and extracting key 

characteristics or features from an image to 

represent its content in a more manageable and 

informative way. The Difference of Gaussians 

(DoG) filter in image processing offers several 

advantages, primarily for edge detection and 

feature enhancement. It excels in enhancing edges 

by subtracting a blurred image from a less blurred 

version, effectively creating a band-pass 

filter. This method also approximates the 

Laplacian of Gaussian (LoG), a common edge 

detection operator, without the need for direct 

derivative calculations.  

Lastly the result will be shown weather the 

query eye image from database is having 

cataract or not[15]. 

IV. CONCLUSIONS 

Canny produces excellent outcomes. It 

significantly minimizes noise. By applying 

Gaussian blur, it smooths the image, thus reducing 

false edges caused by noise. It generates narrow 

edges. Non-maximum suppression narrows edges 

down to a single pixel width. It ensures precise 

detection. The processes of double thresholding 

and edge tracking (hysteresis) effectively 

recognize strong and weak edges, linking them to 

form continuous lines. It offers flexibility, as 

parameters such as Gaussian sigma and thresholds 

can be tailored for various image types. The Canny 

edge detection method is a widely recognized and 

effective approach for detecting edges in images. 

Its multi-step procedure guarantees precise edge 

detection, minimal error rates, and resilience to 

noise. With technological progress, the 

significance of efficient edge detection algorithms 

is becoming more apparent, influencing areas like 

object recognition, medical imaging, surveillance, 

and augmented reality. The ongoing advancement 

and incorporation of the Canny algorithm into 

diverse technologies will influence the future of 

computer vision, allowing machines to perceive 

and understand visual data efficiently 
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