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ABSTRACT: Eyes are one of the most important sensory organs in the human body as it renders vision. The
obstruction of blood flow in optic disc cause changes because the optic disc is the entry point where the blood vessels
supply the blood to retina. The eye diseases can be detected by locating the optic disc. Several methodologies are
followed to diagnose the optic disc. Some eye diseases cause blindness without any significant symptoms. The
progression of this eye impairment can be prevented by early diagnosis. The main aim of this survey is to analyze
various approaches implemented for optic disc detection
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. INTRODUCTION

The human eye is an organ of vision. A vital organ of vision plays a very important role not only in life but
also in the Human body. The human eye is the organ which gives the sense of sight, and allows to learn more about the
surrounding world than that can be done with any of the other four senses. Eyes play a vital role in our day to day lives.
Clear and bright eye sight makes this world a better place to live in. “The eyes are the windows to the soul” is an
expression that is often used to describe the deep connection one feels when looking into another’s eyes [1].The eye
permits us to look and recognize the shapes, colours, and dimensions of objects in the world by processing the light
they reflect or emit.

There are several eye diseases which cause blindness without significant symptoms. In order to find such
diseases, a detailed study about the anatomy of eye is needed. It is necessary to find the location of optic disc (OD)
since it is the entrance location of optic nerve through which blood flows to retina. The changes in Optic disc, optic
cup, and blood vessels are detected and eye diseases can be diagnosed using various techniques.

Il . RELATED WORK

Localisation of optic disc is the primary step in the diagnosis of eye diseases. The Optic disc can be described
in various ways. The optic disc is the tiny blind spot on the surface of the retina, positioned about 3 mm to the nasal
side of the macula. It is defined as the spot where the fibres of the retina leave the eye and become part of the optic
nerve that is insensitive to light and also labelled as blind spot. It is shown as the small circular area at the back of the
eye at which all the nerve fibres from the retina come together to form the optic nerve. Fig 1 illustrates the structure of
OD from the retinal image.
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Fig .1 Optic Disc

Jun Cheng proposed a method for optic disc detection which contains three steps namely superpixel
generation, feature extraction and classification of superpixel as disc or non disc as in [2].Superpixels are generated
using simple Linear lterative clustering method.Features are computed from five channel maps and center surround
difference maps.A support vector machine classifier is utilised to classify the pixels as disc or non disc region.The
elliptical hough transform is used for fitting the elliptical shape and Active shape model (ASM) is used to fine tune the
disc boundary.

H.Yu proposed a methodology [3] which consists of three phases namely OD size estimation, OD localization
and OD boundary segmentation. The background normalized image is obtained by applying image illumination
correction.A binary template is taken to locate the OD canditates. The disc which is given in white is assigned a value 1
and the black background is assigned a value 0. The OD canditates are selected from the template matching results.The
OD canditate with maximum contrast in the region is determined as the OD location using directional matched
filtering.The vessels and bright regions present in the peripapillary region are removed using alternating sequential
filtering and morphological reconstruction. The OD segmentation is done using fast hybrid level set method which
provides more accurate detection of disc boundary.

I1l. ANATOMY OF AN EYE AND EYE DISEASES

The anatomy of an eye is explained as in [4].The eye focuses light onto a specialized layer of cells, called the
the retina, to create an image. Fig 2 shows the parts of an eye prominently.
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Fig 2 Cross section of an eye
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The conjunctiva is a thin, transparent layer of tissues wrapping the front of the eye, including the sclera and
the inside of the eyelids. The conjunctiva controls bacteria and foreign material from getting behind the eye. The
cornea is the transparent, obvious layer at the front and middle of the eye. The main principle of the cornea is to aid
focus light as it enters the eye.

The anterior chamber angle is situated where the cornea meets the iris. The trabecular meshwork is important
because it is the area where the aqueous humour drains out of the eye. If the agueous humour cannot properly drain out
of the eye, the pressure can form inside the eye, producing optic nerve damage and eventually vision loss, a condition
known as glaucoma.

The iris, which is the coloured portion of the eye, directs the amount of light that enters the eye. The iris is a
ring shaped tissue with a central cavity, which is called the pupil. The posterior chamber is the fluid-filled area directly
behind the iris but in front of the lens. The fluid that fills this chamber is called as the aqueous humour which helps to
nourish the cornea and the lens. The lens is a transparent, flexible structure that is found just behind the iris and the
pupil. A ring of muscular tissue, called the ciliary body, encloses the lens and is attached to the lens by fine fibres,
called zonules.

The vitreous cavity is found behind the lens and in front of the retina. It is filled with a gel-like fluid, called the
vitreous humour. The vitreous humour assists to retain the shape of the eye. The retina has two kinds of cells that
instigate chemical reactions. These cells are called photoreceptors and the two different types of cells are the rods and
cones. Rods are more sensitive to light and Cones allow people to view colour, but need more light.

The macula is positioned in the central part of the retina and has the maximum concentration of cones. It is the
part of the retina that is responsible for offering sharp central vision. The choroid is a film of tissue that situates among
the retina and the sclera. It is mainly made up of blood vessels. The choroid supports to nourish the retina. The optic
nerve, a bunch of over one million nerve fibres, is responsible for transmitting nerve signals from the eye to the brain.
These nerve signals hold information for processing by the brain.

Fig 3 Optic disc and optic Cup

The front surface of the optic nerve, which is obvious on the retina, is called the optic disc (OD) or optic nerve
head. The OD can be divided into two different regions namely, a central bright zone called optic cup and the
peripheral region called the neuro retinal rim where the nerve fibres bend into the cup region. The change in the shape,
size, appearance, colour, depth of OD is an indicator of various eye diseases. Due to decreased blood flow of optic
nerve, an abnormality such as vessel diameter alteration in blood vessels causes diabetic retinopathy. The change in
blood vessels such as significant dilation and elongation of main arteries and veins causes hypertension, cardiovascular
diseases and eye strokes.
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IV.SURVEY OF METHODOLOGIES

Aliaa Abdel [5] presented a method to automatically detect the position of optic disc. Illumination
equalisation and adaptive histogram equalisation methods were utilized to standardise luminosity and contrast
throughout the image. An algorithm was implemented to match the expected directional pattern of the retinal blood
vessels. A Gaussian matched filter was applied for the segmentation of retinal vessels and the optic disc centre was
traced by thinning the segmented vessels and filtering using local intensity.

Angel Suero [6] presented a methodology for tracing optic disc in retinal images. The background was
homogenized in resized intensity images to correct the non uniform illumination. The brighter regions of OD were
enhanced using morphological operations. The brightest area of the centroid was identified and the location of the OD
was found

Deepali A. Godse [7] presented a novel algorithm for automatic localization of optic disc in retinal images,
healthy as well as normal. Green channel histogram was employed to calculate the threshold. By applying this
threshold the brighter regions within the images were detected. Area criterion and density criterion were applied to find
the centre of OD.

Adhitya Kusuma Whardana [8] proposed an approach for the detection of optic disc and blood vessel using K-
Means clustering method. A disadvantage was found that the cutting blood vessels lead to lack of clarity.

Sandra Morales [9] proposed a method for the automatic detection of optic disc. Principal Component
Analysis (PCA) was applied on RGB fundus image to get the greyscale image in which the different structures are
differentiated clearly. The vessels are removed using morphological operations. Stochastic Watershed Transformation
was implemented to find the location of optic disc for automatic and accurate detection.

Hidayath Ullah [10] presented a new and robust technique for the automatic detection of optic disc in retinal
images. The RGB image is transformed into HSI space. A median filter is applied to decrease the amount of
shadowiness. The ensuing HSI components are changed to RGB to obtain the pre-processed image from the green
channel. The Otsu’s binarization algorithm is executed on green channel to separate it as foreground and background.
Avrea filtering is used to detect the false area. The Dilation operator is utilized to track down the boundary of optic disc.
The filling operation is performed to trace the OD region enclosed by closed contour.

Neelam Sinha [11] presented a novel method based on the fact that ODs exhibit similar characteristics such as
circular shape. The pre-processing steps such as equalization, enhancement, edge detection and morphological
operations are not required to detect the location of optic disc. The circular outline of optic disc is marked in red
channel image or greyscale image. The region where the blood vessels and nerves converge is identified as the circular
shape. The sub image that contains OD at the centre is identified by locating the peak value of the coefficients

Prasad N. Maldhure [12] proposed a technique for optic disc and optic cup segmentation to detect glaucoma.
Adaptive histogram equalization technique is used to increase the contrast of the colour image. Gabor filters are used
for texture feature extraction. These two parameters are handled as a key feature to classify each super pixel as disc or
non disc super pixel.SLIC algorithm is employed for super pixel generation. Same parameters are utilised for optic cup
segmentation. The value of CDR is evaluated and compared with threshold value for the detection of glaucoma.

Murugan. R [13] employed a new automated methodology to detect the optic disc in retinal images. The RGB
image is changed into its LAB component. This image is made smooth with the help of bilateral smoothing filter. Line
operator is used for further filtering. Processes such as gray orientation and binary map orientation are carried out. The
presence of OD is identified from the maximum image variation in the resultant image. The regions other than OD are
blurred by means of 2D circular convolution. The OD is identified with mathematical steps like peak classification,
concentric circle design and image difference calculation.

Jaspreet Kaur [14] proposed an approach for the automated localisation of optic disc and macula from
fundus images. The optic disc is distinguished and its centre is verified using iterative thresholding and connected
component method. The blood vessels are confiscated using median filter. The geometric information is extorted from
greyscale using greyscale mathematical morphology. The boundaries are identified using geometric active contour
model (ACM). The macula was pinpointed based on its distance and position with respect to optic disc as it remained
relatively constant.
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R. Preethi Rajaiah [15] achieved the detection of glaucoma by optic disc boundary detection and optic cup
segmentation. Features are obtained by means of linear discriminant analysis. The input image is augmented using
adaptive histogram equalization. The vessels that are extracted from the retinal image are eradicated with Inpainting
technique. The optic disc boundary is found by employing morphological operations on the resultant image. The optic
cup segmentation is carried out in the green channel which is got from the input image. Watershed transformation is
utilized for cup segmentation.

Oakar Phyo [16] presented a mathematical morphology method for the detection of optic disc and blood
vessels. The input RGB image is converted into HSI colour space. The noise included in the image is diminished by
median filter. The resultant image of the median filter is improved with adaptive histogram equalization. The closing
morphological operator is operated to connect the closer objects together. The output image is binarized by
thresholding. The filling operator is utilized to fill the holes in the image and the consequent image is reconstructed
using morphology reconstruction. The optic disc region is located based on Otsu algorithm that is applied on the
difference between the original image and the reconstructed image.

Gilbert Lim [17] built an accurate and reliable method for optic disc and optic cup segmentation. A vessel
mask is gained by trench detection. These vessels are eliminated from the optic disc patch based inpainting. The red
and green channels are obtained from the inpainted image and the channel histograms are equalized. The vessel mask is
skeletonised. The values of raw kink strength map is first normalized and then expanded. A Gaussian blur is applied
and the converted image is got. Each pixel is categorized one by one with convolutional neural network (CNN).

Sukanya. R [18] proposed an efficient method for the segmentation of retinal images. The median filter is
applied to remove the noise from the input retinal image. The sharp edges are preserved and detected using Andy
operator. Transformation and morphological operations are used for enhancement. Clustering algorithms are used for
categorizing vessel and non vessel part. Support Vector Machine (SVM) is used as a classifier to recognize the optic
disc. Nivedha. S [19] developed a technique for the automatic recognition of optic disc. Principal Component Analysis
(PCA) is implemented on the input RGB image to get grey image which shows the different structures of the retina
obviously. The vessels are eliminated using inpainting technique. Morphological operators are used to extract the
relevant structures of the resultant image. The centroid of the grey image is evaluated based on generalised distance
function. The location of optic disc is found by applying stochastic watershed transformation that represents the objects
of interest and separation of boundaries between objects.

Cemal kose [20] developed a simple statistic technique for the detection of optic disc and macula.The
background image of healthy parts of retina is extorted from retinal image. The extracted image is extended for the
entire image and the background image is generated. The blood vessels and degenerated areas are eradicated and the
vertical and horizontal histograms are evaluated. The optic disc is traced and the macula is located based on the
location of optic disc. A standard deviation image is created in standard deviation method for the detection of optic
disc. The blood vessels and the degenerated areas are eliminated and the histograms are computed for the detection of
macula.

Mrinal Haloi [21] recommended a technique is in which no separate pre processing steps are required.

The optic disc is identified from the saliency map that can capture important variation of local structure. After finding
the optic disc, a probabilistic latent semantic analysis (PLSA) based unsupervised technique was utilized to confirm
whether the region is the optic disc or not. The location of optic disc is found using Fuzzy-KNN classification
technique.

Tamilarasi [22] exploited a new approach for the automatic detection of OD contour. The grey scale
image is acquired from input retinal image through the process of principal component analysis. Mathematical
operations are utilized to eliminate the blood vessels. The generalized distance function, the stochastic watershed and
geodesic transformation are put into operation to segment the optic disc in precise manner.

Eunhwa Jung [23] introduced an automatic detection of OD to detect eye diseases. The green channel is
separated from the input retinal image. The noise is eliminated from the green channel by applying median filter. The
candidate pixels are for optic disc boundary edge. The edge points are chosen and the linear equation is found to
locate the candidate centre. The centre of the circle is verified by seeking for global minimum. The radius of the circle
is calculated with candidate pixels. The optic disc is detected from the circle drawn whose centre and radius is known.

Vijaya R. Patil [24] presented an approach for the automatic detection of OD. The RGB image was taken as
input and was resized for further processing. The resized image was converted into grey image. The median filter was
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applied on grey image and the noise was reduced without blurring the sharp edge. The edges are detected with canny
edge detection. The optic disc was found by circular hough transform.

Sinthanayothin [25] detected the OD by recognizing the area with the highest mean difference between
neighbouring pixels using a window size up to that of OD. The images were preprocessed using an adaptive local
contrast enhancement method which was employed to the intensity component.

Osareh [26] employed a model based (template matching) approach to roughly locate the OD. To begin
with, the images were normalized by utilizing histogram specification and then the OD region from 25 colour
standardized images was averaged to create a gray level template. The normalized correlation coefficient was
manipulated to locate the most perfect match among the template and all the candidate pixels in the known image.

Abdel-Ghafar [27] employed the Circular Hough Transform (CHT) to find the OD which has a nearly
globular shape. The retinal vasculature in the green band image was hidden using the closing morphological operator.
The sobel operator and a simple threshold were used to remove the edges in the image. CHT was finally applied to the
edge points and the largest circle was located reliably to match to the OD.

Aquino [28] employed an approach to trace a pixel belonging to the OD region. The boundary is segmented
by means of morphological operators, edge detection methods and circular Hough Transform.

S.Lu and J.H.Lim [29] proposed a method in which line operator is used to acquire circular brightness shape
of the OD, since the utmost and least variation along the linear operator has a particular pattern to find the OD.

IV. CONCLUSION

In this paper, the importance and anatomy of the human eye is presented. In addition to this, numerous existing
approaches for the identification of optic disc to diagnose the eye diseases proposed by different researchers are
presented. The performances of these methods can be measured using metrics such as sensitivity, specificity, accuracy,
precision rate etc. These methods have their own advantages and disadvantages depending upon the input image taken.
From this study, it is observed that the filters and morphological operations are performed to overcome the
segmentation problems caused due to the presence of blood vessels.
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