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ABSTRACT 

Glaucoma is a progressive eye disease that causes damage to the optic nerve, often due to 

elevated intraocular pressure. If left undiagnosed or untreated, it can lead to irreversible 

vision loss or complete blindness. One of the major challenges is that glaucoma typically 

shows no symptoms in its early stages, making regular eye examinations essential for timely 

diagnosis. The condition can arise due to genetic predisposition, eye injuries, infections, or 

blocked blood vessels. Although glaucoma predominantly affects adults over 40, it can also 

be found in younger individuals, including children and infants. In this project, we propose an 

image processing-based approach for early glaucoma detection using retinal fundus images. 

The system analyzes key anatomical features, specifically the optic disc and optic cup, to 

compute the Cup-to-Disc Ratio (CDR) a widely recognized parameter for glaucoma 

diagnosis. By leveraging image segmentation and analysis techniques, this method offers a 

non-invasive, efficient, and cost-effective tool to assist ophthalmologists in detecting 

glaucoma at an early stage, thereby enabling timely treatment and better management of the 

disease. 
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I.INTRODUCTION 

Glaucoma is a chronic and progressive eye 

disorder that leads to irreversible damage to 

the optic nerve, ultimately resulting in 

partial or complete vision loss if left 

untreated. It is one of the leading causes of 

blindness worldwide, and its impact is 

particularly concerning because the early 

stages of glaucoma are asymptomatic, 

meaning patients often do not realize they 

have the condition until significant vision 

impairment has already occurred. The 

primary cause of glaucoma is elevated 

intraocular pressure (IOP), which exerts 

stress on the optic nerve, impairing its 

function over time. However, glaucoma is 

not limited to high intraocular pressure 

alone; genetic predisposition, eye injuries, 

infections, or vascular obstructions within 

the eye may also contribute to its 

onset.Traditionally, glaucoma diagnosis has 

relied on clinical examination techniques, 

such as tonometry to measure intraocular 

pressure, gonioscopy to inspect the drainage 

angle, and visual field tests to assess 

peripheral vision loss. These methods, while 

effective, are often time-consuming, 

subjective, and require specialized 

equipment and expertise. Furthermore, 

many patients only seek ophthalmological 

care after noticing significant vision loss, at 

which point the damage is largely 

irreversible. This highlights the need for 
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early detection methods that are accurate, 

accessible, and automated. In recent years, 

image processing techniques have emerged 

as powerful tools for automated glaucoma 

detection. Among these, retinal fundus 

imaging plays a crucial role. Fundus images 

provide a clear view of the optic nerve head 

(ONH), the optic cup, and the optic disc — 

anatomical structures critical in assessing 

the presence of glaucoma. One of the most 

reliable indicators of glaucoma is the Cup-

to-Disc Ratio (CDR), which quantifies the 

relative size of the optic cup compared to 

the optic disc. An abnormally high CDR is 

often a strong indicator of glaucomatous 

damage. This project focuses on developing 

an image processing pipeline capable of 

analyzing retinal fundus images to detect 

glaucoma at an early stage. The proposed 

system applies segmentation algorithms to 

accurately identify the optic disc and optic 

cup, followed by CDR calculation. Through 

this automated process, the system aims to 

provide a cost-effective and objective 

screening tool that can support mass 

screening programs and assist 

ophthalmologists in early diagnosis, even 

before symptoms manifest. Such 

technology-driven approaches can play a 

vital role in reducing the global burden of 

glaucoma-related blindness, especially in 

regions with limited access to specialized 

eye care. By integrating medical imaging, 

computer vision, and ophthalmic knowledge, 

this project contributes to the growing field 

of automated disease diagnosis using image 

processing, with potential applications in 

telemedicine, community health programs, 

and clinical decision support systems. 

II.LITERATURE REVIEW 

Numerous researchers have contributed 

significantly to the development of 

automated glaucoma detection systems 

using image processing techniques applied 

to retinal fundus images. Rao et al. [1] 

developed an approach that focused on 

segmenting the optic disc and cup using 

morphological operations and edge 

detection methods, making Cup-to-Disc 

Ratio (CDR) a core parameter for glaucoma 

detection. Similarly, Joshi and Sable [2] 

proposed a CDR-based technique using 

thresholding and contour extraction to 

isolate the optic disc and cup, confirming 

that higher CDR values directly correlated 

with glaucomatous eyes. Acharya et al. [3] 

extended this work by integrating texture 

and wavelet-based features with a machine 

learning classifier, achieving over 90% 

accuracy in distinguishing between healthy 

and glaucomatous eyes. To improve 

segmentation precision, Singh and Dutta [4] 

applied a hybrid approach that combined k-

means clustering and active contours, 

effectively addressing vessel occlusion 

challenges. Lalonde et al. [5] highlighted the 

importance of pre-processing techniques 

like contrast enhancement and vessel 

removal, using a region-growing algorithm 

to enhance optic disc segmentation accuracy. 

Further, Almazroa et al. [6] provided a 

comprehensive review of segmentation 

techniques, including Hough transform, 

active contours, and watershed algorithms, 

emphasizing the need for standardized 

datasets and improved handling of low-

quality images. Recent advancements by 

Yin et al. [7] introduced deep learning-based 

detection using convolutional neural 

networks (CNNs) trained on fundus images, 

achieving high performance; however, the 

lack of clinical interpretability remains a 

limitation compared to traditional CDR-

based techniques. In another approach, 

Agarwal et al. [8] proposed a multi-feature 
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fusion system that combined structural 

(CDR), textural (GLCM), and vascular 

features, demonstrating superior 

performance over systems using single-

feature analysis. Kavitha et al. [9] applied 

wavelet transform-based segmentation 

followed by SVM classification, proving 

that multi-level decomposition enhances 

edge detection accuracy. 

Cheng et al. [10] developed a supervised 

learning framework combining spatial and 

structural features, achieving high accuracy 

on benchmark datasets. In a more 

application-oriented study, Jayadevappa et 

al. [11] created a low-cost glaucoma 

screening system tailored for rural 

healthcare, integrating automated 

segmentation and feature extraction to make 

early detection accessible. Mohamed et al. 

[12] demonstrated that even basic 

morphological operations can provide 

reliable optic disc segmentation, particularly 

in well-lit images. Finally, Mookiah et al. 

[13] performed a comparative study of 

segmentation and classification approaches, 

concluding that hybrid systems combining 

traditional image processing and machine 

learning offer the best balance between 

accuracy and computational efficiency. 

Overall, the literature underscores that CDR 

remains the most clinically accepted metric, 

but detection accuracy improves 

significantly when structural, textural, and 

vascular features are integrated into a 

comprehensive diagnostic system. This 

project builds upon these advancements to 

design a robust, automated glaucoma 

detection system that combines pre-

processing, segmentation, feature extraction, 

and CDR computation to support early 

diagnosis and mass screening efforts. 

III.WORKING OF PROPOSED 

SYSTEM 

The working process of the project 

“Glaucoma Detection Using Image 

Processing” revolves around the analysis of 

retinal fundus images to identify structural 

changes in the optic nerve head, focusing 

primarily on the optic disc (OD) and the 

optic cup (OC). The key metric used for 

glaucoma detection is the Cup-to-Disc Ratio 

(CDR), which is a clinically recognized 

parameter. A higher CDR value indicates 

potential glaucomatous damage. This 

project integrates multiple image processing 

techniques across a sequence of well-

defined stages: image acquisition, pre-

processing, segmentation, feature extraction, 

and classification. The process begins with 

image acquisition, where retinal fundus 

images are collected either from public 

datasets (such as RIM-ONE, DRIVE, or 

DRISHTI-GS) or clinical sources. These 

images provide a top view of the retina, 

showing the optic disc, optic cup, and the 

surrounding retinal structures, which are 

critical for glaucoma detection. Once the 

images are acquired, they undergo pre-

processing to enhance their quality and 

remove irrelevant noise or artifacts. Pre-

processing techniques applied include 

grayscale conversion, histogram 

equalization, and Gaussian filtering to 

enhance contrast and smooth the image. 

Additionally, vessel removal algorithms can 

be applied to eliminate interference from 

retinal blood vessels that cross the optic disc, 

improving segmentation accuracy. The next 

step involves segmentation of the optic disc 

and optic cup — a crucial step for 

calculating the CDR. Edge detection 

algorithms, such as the Canny Edge 

Detector or Sobel Operator, are employed to 

detect boundary edges. These methods work 
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by identifying regions where the intensity 

changes sharply, which typically marks the 

boundary between the optic disc and 

surrounding tissue. In addition, techniques 

like k-means clustering or active contour 

modeling can be applied to refine the 

segmented regions, ensuring a more 

accurate delineation of the optic disc and 

optic cup areas. Once segmentation is 

completed, the Cup-to-Disc Ratio (CDR) is 

computed. This is the primary diagnostic 

parameter in this project, calculated using 

the formula: 

 

Alternatively, the areas can also be used to 

compute Area Cup-to-Disc Ratio: 

 

The normal CDR for a healthy eye is 

typically around 0.3 to 0.4, but values 

exceeding 0.6 are considered suspicious for 

glaucoma. This is because in glaucoma, the 

optic cup enlarges due to optic nerve 

damage, reducing the neurotically rim.  

 

Fig.1. Overall procedure of the processed 

method 

To improve diagnostic accuracy, feature 

extraction is also performed. In addition to 

CDR, texture features can be extracted using 

methods like Gray Level Co-occurrence 

Matrix (GLCM), which quantifies spatial 

relationships between pixel intensities. 

These features provide important 

information about tissue texture, which may 

differ between healthy and glaucomatous 

eyes. Other features such as optic cup 

displacement and optic rim thinning can 

also be considered if a more comprehensive 

analysis is required.  

 

Fig.2. Proposed system model. 

Once features are extracted, the system 

performs classification to determine whether 

the image indicates glaucoma or not. This 

can be a simple rule-based classification, 

where a threshold CDR (such as 0.6) is set 

to flag suspicious cases. Alternatively, if the 

system is extended with machine learning, a 

classifier (such as Support Vector Machine 

or Random Forest) could be trained using a 

combination of CDR and texture features 

for improved detection accuracy.  

 

Fig.3. Training process 
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Finally, the result is presented in the form of 

a diagnostic report indicating whether 

glaucoma is detected or not. This report can 

also include visual outputs showing the 

segmented optic disc and cup boundaries, 

providing a useful visual aid for clinicians. 

The entire process is designed to offer a 

cost-effective, fast, and non-invasive 

diagnostic tool, which can assist 

ophthalmologists in the early screening of 

glaucoma, ultimately helping in preserving 

vision through timely intervention. 

 

Fig.4. Output results. 

IV.CONCLUSION 

In this project, we have successfully 

developed a system for early detection of 

glaucoma using image processing 

techniques applied to retinal fundus images. 

By extracting and analyzing key features 

such as the optic disc and optic cup, we 

computed the Cup-to-Disc Ratio (CDR), 

which serves as a reliable indicator of 

glaucomatous damage. The pre-processing 

techniques such as grayscale conversion, 

noise removal, and contrast enhancement 

ensured that the images were of high quality, 

facilitating accurate segmentation. 

Advanced segmentation techniques like 

edge detection and k-means clustering 

helped in identifying the precise boundaries 

of the optic disc and cup, which is crucial 

for CDR calculation. The project’s 

methodology provided an automated, non-

invasive, and cost-effective tool for 

detecting glaucoma at an early stage, 

enabling timely diagnosis and treatment. As 

glaucoma is a silent disease that progresses 

without symptoms until significant vision 

loss occurs, early screening through image 

processing is critical to prevent irreversible 

blindness. Furthermore, the use of retinal 

fundus images makes this method adaptable 

to existing clinical workflows, as such 

images are already routinely captured in eye 

examinations. The system can be enhanced 

further by incorporating machine learning 

classifiers trained on a combination of CDR 

and texture features for improved diagnostic 

accuracy. Additionally, the project can be 

extended to include other eye diseases such 

as diabetic retinopathy and macular 

degeneration, providing a comprehensive 

retinal disease screening system. In 

summary, the project demonstrated the 

effectiveness of image processing 

techniques in automated glaucoma detection, 

offering a valuable decision support tool for 

ophthalmologists and healthcare 

professionals, thereby contributing to better 

eye care and prevention of blindness. 
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