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Introduction 
Glaucoma has been nicknamed the “sneak thief of sight” 

because it mostly goes undetected and causes irreversible damage 
to the eye. Glaucoma is the term for a diverse group of eye diseases. 
It is a serious ocular, chronic, irreversible neurodegenerative 
disease. It is one of the common causes of blindness with about 
79 million in the world likely to be afflicted with glaucoma by the 
year 2020. It is a significant cause of blindness in the world [1]. The 
incidence of glaucoma increases with age but the disease is more 
prevalent among individuals with a family history of glaucoma [2]. 
It can occur at any age and can lead to permanent vision loss and 
blindness. Glaucoma is a referred as a group of eye disorders that 
leads to optic nerve damage which is mostly associated with an 
elevated fluid pressure in the eye i.e. Intra-Ocular Pressure (IOP) 
[3]. Glaucoma is further classified as: 

a) Open-angle glaucoma 

b) Closed-angle glaucoma 

c) normal-pressure 

Glaucoma can only be treated if we know the elevations 
and fluctuations happening in aqueous flow. So, it is necessary  

 
to measure the intraocular pressure for accurate treatment of 
Glaucoma [4-8]. IOP is the pressure exerted by the ocular fluid called 
“aqueous humor” that fills the anterior chamber of the eye between 
the lens and cornea. Aqueous humor is produced by the eye to bathe 
and nourish its different parts. The aqueous humor normally flows 
out of the eye through various paths and chambers. When these 
paths get clogged, aqueous humor gets trapped in the eye as shown 
in Figure 1. This causes a pressure buildup and leads to high IOP. 
Normal IOP is in the range of 10-21 mmHg [4,5]. When pressure in 
the eye gets too high, the optic nerve which sends visual signals to 
the brain can get damaged. This in turn will not allow some signals 
from the eye to reach the brain. This leads to a reduction in vision 
and if not managed, may cause loss of peripheral vision and leads to 
blindness, which is not reversible unfortunately. In most glaucoma 
patients, the IOP increases above the normal range (>21mmHg) up 
to 60mmHg, when the aqueous outflow is lower than the inflow. 
High IOP is a major risk factor for glaucoma, but it can be treated if 
diagnosed early as well as it requires constant monitoring through 
medical scomapecialist, hence there is an urgent need to device 
some portable and easy method to diagnose Glaucoma. The Intra-
Ocular Pressure (IOP) in the eye is measured by a instrument called 
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Abstract

Vision testing is the phenomenon of detecting the vision problems which are generally undertaken to improve prognosis 
and disabilities. Apart from visual acuity measurement and refractive error problems, other eye related retinal disorders include 
diabetic retinopathy, age related muscular degeneration and glaucoma. Retinal imaging plays an important role in the detection of 
these disorders. Early detection of these disorders can prevent the permanent vision loss in patients. The aim of this research work 
is to implement a software algorithmic program in the field of ophthalmology for the detection of glaucoma. In the present work, 
Glaucoma detection is done by cup to disc ratio measurement to locate the damaged optic nerve head. DRIVE database is used to 
acquire retinal images. Further codes are implemented using MATLAB software to get the results. This software system can be 
utilized everywhere, especially in school health programs in Himachal Pradesh in urban as well as rural areas where it is difficult to 
carry high maintenance ophthalmic machines.
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as tonometer [3,4] Calculation of cup to disc ratio is one of the 
methods in assessment of damaged optic nerve head but it is quiet 
expensive method . With the introduction software algorithms, 
simple fundus image can be used for the detection of Cup-to-Disc 
ratio [6]. The proposed method provides the easy measurement of 
intraocular pressure for the treatment of Glaucoma [9].

Figure 1: Intraocular fluid flow path for a normal (blue) 
and glaucoma effected (red) eyes.

Methodology

This research work is aimed at developing a smart solution to 
enable early detection of glaucoma using MATLAB R2017b software 
tool. Accurate and easy diagnosis of glaucoma through analysis of 
the neuro-retinal optic disc and cup is one of the crucial works. 
The proposed algorithm is designed to work in MATLAB Software. 
First step is to get the good quality Fundus images. For the present 
work the fundus images are taken from DRIVE [7] database which 
is freely available and provide number of fundus images captured 
using Cannon CRS non-mydriatic camera.

Figure 2: RGB to Grayscale conversion.

Step 1: Using MATLAB software, input fundus image is first 
resized according to the parameters then it is converted into gray 
scale image from RGB as shown in the Figure 2 next step includes 
optic disc and optic cup segmentation as described in the flow chart 
Figure 3.

Step2: Disc segmentation-The retinal image is processed to 
detect the disc boundary using edge detection algorithm for image 
segmentation using canny as shown in Figure 4.

Figure 3: Flowchart for glaucoma detection using 
MATLAB.

Step3: Cup segmentation-For detecting cup boundary 
again color and edge analysis technique is applied (Threshold 
initialization based level set according to the user) as shown in 
Figure 4.

Figure 4: Segmented Cup and Segmented Disc.

Step 4: After the cup boundary and Disc segmentations CDR has 
been detected, ellipse fitting algorithms which are already defined 
in MATLAB were employed to eliminate some of the cup boundary 
changes in curvature using convex hull algorithm. 

The CDR is consequentially obtained based on the height of 
detected cup and disc. According to the CDR calculations it gives 
the final result. A CDR value that is greater than 0.56 indicates 
glaucoma is present in the patient and CDR value less than 0.5 is 
detected as no glaucoma.
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Results

In this work the appearance characteristics of the Optic Nerve 
Head (ONH), which includes cupping or excavation of the optic disc, 
an enlargement of the optic cup-to-disc ratio (CDR) are identified. A 
CDR value that is greater than 0.56 indicates glaucoma is present in 
the patient and CDR value less than 0.5 is detected as no glaucoma. 
The algorithm designed is able to work on all glaucoma fundus 
images. 

Summary and Conclusion

With this system, technology is available in a quite handy form; 
one can keep track of the glaucoma anywhere anytime. It can be 
used by anyone as a replacement in the conditions when patient 
is not able to visit the doctor frequently. In future this system 
can be advanced through some other techniques so that it can 
found its applicability in retinal imaging by smart phone itself 
so that this algorithm can work as a mobile application where 
patient can click the image and analyze it using this software 
Smartphone application and integration of imaging system can 
make a revolutionary changes in the sector of ophthalmology as the 
retinal imaging system are very costly and cannot be found easily 

in all eye care centers. It is reliable and simple to handle. Hence the 
Proper utilization and validation of smartphone application in the 
ophthalmology can lead the advancement in the health care sector 
and that will be beneficial for each section of society.
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