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Abstract
This paper reports on the design and test of an image processing 
algorithm for the segmentation of the Optic Disk (OD) in fundus 
images. This work describes the methods to detect main features 
of fundus images such as optic disk and optic cup.In a retinal 
image, Optic Disk (OD) appears as a roughly round region which 
is brighter than its surrounding. The location of any abnormality 
in a retinal image relative to OD is useful for later analysis and 
classification of pathologies. Optic cup is found using their high 
grey level variation and their contours are determined by means 
of morphological techniques. The blood vessels are highlighted 
using bottom hat transform and morphological dilation after 
edge detection. All the enhanced features are then combined in 
the fundus image for the detection of abnormalities in the eye. 
In this project, we do Segmentation into a piecewise constant 
structure which requires one more step using Optic Disc Extraction 
algorithm (ODE). Since convergence is guaranteed, the technique 
does not require the intervention of the user to stop the filtering at 
the desired image quality. This scheme has been tested on a number 
of retinal images in which the optical disc has been successfully 
segmented.
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I. Introduction
The Optic Disc (OD) is considered one of the main features of a 
retinal fundus image, where methods are described for its automatic 
detection .Optic disc detection is a key pre-processing component 
in many algorithms designed for the automatic extraction of retinal 
anatomical structures and lesions, thus, an associated module of 
most retinopathy screening systems. The optic disc often serves 
as a landmark for other fundus features; such as the quite constant 
distance between the optic disc and the macula-center (fovea) 
which can be used as a prior knowledge to help estimating the 
location of the macula. 
There are two types of photo-receptors in the retina: rods and 
cones, named after their shape. The retina contains approximately 
6 to 7 million cones and about 125 million rods. Rods are the photo-
receptors that are more responsive to light than the cones.

Fig. 1. Normal Human Retina

The function of cones or rods depends on the amount of incoming 
light. In daylight the cones are most active, under dark circumstances 
the rods are most active and at dusk a combination of the two are 
used. In the human eye there are three distinct types of cones, 
and each type of cone responds to a different part of the color 
spectrum. When the three different types of cones are located in a 
small area of the retina, the responses are combined. This enables 
us to see colors from the color spectrum. The rods, on the other 
hand, are not sensitive to color [1].
The process of automatically detecting/localizing the optic disc 
aims only to correctly detect the centroid (center point) of the optic 
disc. On the other hand, disc boundary detection aims to correctly 
segment the optic disc by detecting the boundary between the 
retina and the nerve head. Aim of my project is:

Automatic detection of optic disk in digital retinal fundus 1. 
images.
Stimulate the output using MATLAB for possible 2. 
Implementation of decision making system using soft 
Computing techniques.

II. OD Detection Methods
Optic disc is an important part in human eye which is used as a 
landmark to identify fundus features such as such as the quite 
constant distance between the OD and the macula-center (fovea) 
which can be used as a priori knowledge to help estimating the 
location of the macula. In the  [1],  paper which determines whether 
a macula centered retinal image is from the left or right eye and 
automatically detects the optic disc, the fovea and the vascular 
arch by inferring the location of a set of landmarks placed on 
these structures. The algorithm relies on a specific energy function 
that combines global and local cues. But it takes both overlap as 
well as the difference in the localization of the OD center  as the 
evaluation measures. OD localization is successful when the if 
there is at least 55% overlap.
In the literature a number of different techniques have been 
employed to automatically detect the optic disc. In general these 
techniques apply reprocessing operations, followed by several 
image processing operations and finally the OD-localization. A 
pre-processing is for instance the generation of a mask image to 
determine which area belongs to the actual fundus and which area 
belongs to the background of the image. Some of the automatic 
OD-detection methods produce only a point that can be used as 
the OD-center, while other methods obtain the optic disc as a 
circle consisting of an OD-center and a radius.
Although the optic disc has well-defined features and characteristics, 
localizing the optic disc automatically and in a robust manner is 
not a straight-forward process, since the appearance of the OD 
may vary significantly due to retinal pathologies. Consequently, 
in order to effectively detect the optic disc, the various methods 
developed should consider the variation in appearance, size, and 
location among different images [7]. 
The appearance of the yellowish OD region was characterized by a 
relatively rapid variation in intensity because of the “dark” blood-
filled vessels beside the “bright” nerve fibers. Sinthanayothin 
detected the OD by identifying the area with the highest average 
variation among adjacent pixels using a window size equal to that 
of the OD. The images were preprocessed using an adaptive local 
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contrast enhancement method which was applied to the intensity 
component.
Instead of using the average variance in intensity, and assuming 
that the bright appearing retinopathies (e.g., exudates) are far from 
reaching the optic disc size, Walter and Klein [7], approximated 
the optic disc center as the center of the largest brightest connected 
object in a fundus image. They obtained a binary image including all 
the bright regions by simply thresholding the intensity image. 
Again, the brightness was used by Li and Chutatape [4-5], in 
order to find the optic disc candidate regions for their model-
based approach. Pixels with the highest 1% gray-levels in the 
intensity image were selected; obviously these pixels were mainly 
from areas in the optic disc or bright lesions. The selected pixels 
were then clustered, and small clusters were discarded. A disc-
space (OD model) was created by applying Principal Component 
analysis (PCA) to a training set of 10 intensity normalized square 
subimages manually cropped around the optic disc. Then for each 
pixel in the candidate regions, the PCA transform was applied 
through a window with different scales (0.8 ~ 1.2). The optic disc 
was detected as the region with the smallest Euclidian distance 
to its projection onto the disc-space.
Pyramidal decomposition aids significantly in detecting large areas 
of bright pixels that probably coincides with the optic disc, but 
it can be simply fooled by large areas of bright pixels that may 
occur near the image’s borders due to uneven illumination. For 
that reason, Frank ter Haar [7], applied illumination equalization 
to the green-band of the image, and then a resolution pyramid 
using a simple Haar-based discrete wavelet transform was created. 
Finally, the brightest pixel at the fifth level of the resolution 
pyramid was chosen to correspond to the optic disc area. Frank 
ter Haar [7], proposed an alternative to the later method based 
on the pyramidal decomposition of both the vasculature and the 
green-band, where the fifth level of the resolution pyramid for 
both the illumination equalized green-band and the binary vessel 
segmentation are summed, and the highest value corresponds to 
the optic disc center.
Hough transform; a technique capable of finding geometric shapes 
within an image, was employed to detect the OD.  Abdel-Ghafar et 
al. employed the Circular Hough Transform (CHT) to detect the OD 
which has a roughly circular shape. The retinal vasculature in the 
green-band image was suppressed using the closing morphological 
operator. The Sobel operator and a simple threshold were then 
used to extract the edges in the image. CHT was finally applied 
to the edge points, and the largest circle was found consistently to 
correspond to the OD. Barrett et al. also proposed using the Hough 
transform to localize the OD. Their method was implemented by 
two different ways. The Hough transform technique is able to 
find geometric shapes in an image. Objects of geometric shapes 
may be detected by converting the equation of the object into a 
Hough space parameter equation. 
Fuzzy convergence [4], is a novel voting type algorithm developed 
by Hoover and Galbanum in order to determine the origination 
of the retinal vasculature (convergence point), and thus, localize 
the optic disc which is considered the only consistently visible 
property of the optic disc. The inputs to the fuzzy convergence 
algorithm were six binary vessel segmentations (each at a different 
scale) obtained from the green-band image. Each vessel was 
modeled by a fuzzy segment, which contributes to a cumulative 
voting image (a convergence image) where each pixel equals the 
amount of fuzzy segments on which the pixel lied. Finally, the 
convergence image was smoothed and thresholded to determine 
the strongest point(s) of convergence. If the final result was 

inconclusive, the green-image was illumination equalized, and 
Fisher’s linear discriminant was applied to regions containing 
the brightest pixels to detect the optic disc.
Frank ter Haar [7], proposed two methods using a vessel-branch 
network constructed from a binary vessel image. In the first one, 
he searched for the branch with the most vessels so as to locate 
the optic disc. Alternatively, in the second method he searched the 
constructed vessel-branch network for all paths, and since the end 
points of all paths represents a degree of convergence, therefore 
the area where more path-endings were located probably coincides 
with the optic disc location. The Hough transform was then applied 
to these areas (having the highest path-endings convergence) to 
detect the optic disc. 
To apply this technique to the fundus image the derivative images 
must be multiplied by a shrunk mask image to remove the ROI 
boundary. Afterwards different radii can be used to create different 
accumulators. A circle with a larger radius accumulates more 
information than a circle with a smaller radius, therefore the 
accumulation’s result is normalized by dividing the result with 
the amount of checked pixels. Again, only the one point with the 
highest evidence is selected as OD-center from all accumulators. 
The accumulator from which the point was selected determines 
the optimal optic disc radius.
One last method employed by Frank ter Haar [7], was based 
on fitting the vasculature orientations on a directional model. 
Since starting at the optic disc the retinal vasculature follows 
approximately the same divergence pattern in all retinal images 
any segmented vasculature can be fitted on the directional 
model representing the common divergence pattern in order to 
detect the optic disc. The Directional Model (DM) was created 
using the vessel segmentations of 80 training images. For all 
the vessels’ pixels in each image, the orientation was calculated 
to form a directional vessel map. The 80 directional maps were 
then manually aligned, and the DM was created by averaging (at 
each pixel) all the corresponding orientation values. The right-
eye DM created was reflected in order to create a left-eye DM. 
Finally, each pixel in an input vasculature was aligned to the 
optic disc center in both DMs, and then the distance between the 
fitted input vasculature and both DMs was measured. The pixel 
having the minimal distance to both DMs is selected as the optic 
disc location. This method recorded the best success rate among 
all other 15 automatic optic disc-detection methods evaluated by 
Frank ter Haar [7].
Instead, Tobin et al. [6], proposed a method that mainly relied on 
vasculature-related optic disc properties. A Bayesian classifier 
(trained using 50 images) was used to classify each pixel in red-
free images as optic disc or Not-optic disc, using probability 
distributions describing the luminance across the retina and 
the density, average thickness, and average orientation of the 
vasculature. Abràmoff and Niemeijer [6] generally used the same 
features for optic disc detection, but the features were measured 
in a special fashion. Then a kNN regression (trained using 100 
images) was used to estimate the optic disc location. To the best 
of our knowledge, the latter two methods are the only supervised 
methods proposed in literature for optic disc detection.

III. Existing Method
Existing system a method for the automatic detection of the 
OD  method comprises several steps. Initially, a binary mask 
is generated. Then the illumination and contrast throughout the 
image are equalized. Finally, the retinal vasculature is segmented, 
and the directions of the vessels are matched to the proposed 
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filter which represents the expected vessels’ directions in the OD 
vicinity.   
The method for Optic Disc Detection is as follows:

Mask Generation • 
Illumination Equalization • 
Adaptive Histogram Equalization (AHE)  • 
Retinal Blood Vessels Segmentation • 
Vessels’ Direction Matched Filter• 

IV. Proposed Method
OD-detection is an integral part of the screening system for Diabetic 
Retinopathy (DR) to determine if a person suffers from DR.A 
photograph is taken from the retina and examined. Performing the 
mass-screening of diabetes patients will result in a large number of 
images that need to be examined. The cost of manual examination 
is prohibiting the implementation of screening on a large scale. 
A possible solution could be the development of an automated 
screening system for retinal images. Such a system should be 
able to distinguish between retinas affected by DR and normal 
retinas. Then the ophthalmologist has to examine only those 
images designated by the system as possibly abnormal. This will 
significantly reduce the workload for the ophthalmologists.
The method for Optic Disc Detection is as follows:
Read Retinal color image.
Increase the image quality using morphological algorithm
Find the Intensity for Optic Disc. 
Segmentation using optic disc extraction ODE Algorithm.

A. Block Diagram

Fig. 2: Overall Block Diagram

B. Block Diagram Description
The proposed method comprises Enhancement using morphological 
algorithm and segmentation ODE algorithm. Here the input image 
is given to the segmentation process. The input image is the retinal 
fundus image which is collected from Bejan Singh eye hospital, 
Nagercoil. In this segmentation process ODE algorithm is used 
to improve the segmentation scheme. The segmented output is 
the optic discand optic cup detected image.

C. Image Enhancment
Image enhancement is used to improve the visual interpretability 
of an image by increasing the apparent distinction between the 
features in the scene. It aims to visually amplify the slight differences 
to make them readily observable. The range of possible image 
enhancement and display options available to the image analyst 
is virtually limitless. Most image enhancement algorithms may 

be categorized as either point or local operation. Point operations 
modify the brightness value of each pixel in an image data set 
independently. Local operations modify the value of each pixel 
based on neighboring brightness values. In this paper, histogram 
equalization was done for both the images to enhance the quality 
of the two images.
The value of † i represents a division line between clear (f>†i) 
and dark(f>=†i) intensity levels. Once †i is calculated, this value 
is used to select the background parameter associated with the 
analyzed block. As follows, an expression to enhance the contrast 
is proposed [9]:

  (1)
Note that the background parameter depends on the †i value. If 
f<=†i (dark region), the background parameter takes the value 
of the maximum intensity Mi within the analyzed block, and the 
minimum intensity mi value otherwise. Also, the unit as added 
to the logarithm functions in (1) to avoid indetermination. On 
the other hand, since grey level images are used in is paper, the 
constant Ki in (1) is obtained as follows [9]:

With

This modified the intensity values depending on certain criterion. 
The Criterion to modify the contrast in (1) is given by. On the 
Other hand Mi and mi values are used as background parameters 
to improve the contrast depending on the†i value, due to the 
background is different for clear and dark regions [9]. 

   (2)
Notice that †i was substituted by †(x) , since †(x)  has a local 
character given by the structuring element µB . In this way, the 
contrast operator in (1) is written as

And

)256log(
)(255
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xK x

t
t

−
=

To illustrate the performance of (1) and (2), the two equations 
are improving the retinal image quality.Application Example for 
equation (1) and (2)
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Fig. 3: (a). Original Image

Fig. 3: (b). The Image After Enhancement

With the rapid increase in the usage and application of color 
images, it is essential to develop tools and algorithms for color 
image processing. The advantages of morphological operations 
of being sensitive to the shape of the features are combined with 
the concepts of multi-scale processing to create a very powerful 
class of liters. We also use a morphological algorithm [8] for local 
contrast enhancement of color retinal images in the preprocessing 
step Two main morphological operations i.e. dilation and erosion 
of color image g(I,j,k) by the structuring element.

D. Segmentation
In computer vision, segmentation refers to the process of 
partitioning a digital image into multiple regions (sets of pixels). 
The goal of segmentation is to simplify and or change the 
representation of an image into something that is more meaningful 
and easier to analyze. Image segmentation is typically used to 
locate objects and boundaries (lines, curves, etc.) in images. The 
result of image segmentation is a set of regions that collectively 
cover the entire image, or a set of contours extracted from the 
image. Each of the pixels in a region is similar with respect to 
some characteristic or computed property, such as color, intensity, 
or texture. Adjacent regions are significantly different with respect 
to the same characteristic.
Some of the practical applications of image segmentation are:
1. Medical Imaging

Locate tumors and other pathologies • 
Measure tissue volumes • 
Computer-guided surgery • 
Diagnosis • 
Treatment planning • 
Study of anatomical structure • 

2. Locate objects in satellite images (roads, forests, etc.) 
3. Face recognition 
4. Fingerprint recognition 

5. Automatic traffic controlling systems 
6. Machine vision 
Several general-purpose algorithms and techniques have been 
developed for image segmentation. One of the advanced methods 
is optic disc extraction (ODE) Algorithm.

IV. ODE Segmentation
This work proposes an improved feature segmentation scheme 
for optic disc segmentation from diabetic retinopathy images. 
The mean ODE algorithm is a powerful technique for image 
segmentation. This work we used ODE algorithm is process 
partitioning image pixels based on image feature/s. This is to 
Separate pixels that have different colors into different regions, 
group the pixels hat are spatially connected and have similar color 
into different region. The selection criterion is referred as the 
threshold value t=220 find from optic disc the selection criterion 
is referred as the threshold find from optic disc yellow high image 
pixels. Figure 1.8 shows the image segmentation.
Fig. 2, shows the image segmentation. Figure1 show the 
pretest.  

V. Results and Discussion
The proposed method detected the optic disc successfully using 
morphological algorithm and segmentation ODE algorithm.                  
Figure1 represents the input images (Enhanced fundus image) 
which are collected from Bejan Singh eye hospital, Nagercoil. 
Figure2 represents the corresponding segmented outputs. In the 
segmented images the white part is the position of the optic disc 
and optic cup.

Fig. 4: Enhanced Fundus Retinal Image

 
Fig. 5: Extracted Optic Disc
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Fig. 6: Extracted Optic Cup

Fig. 7: (a)-(h)

Normal Retinal Fundus Image. 1. 
Normal Retinal Fundus Image after enhancement   2. 
Optic Disc Extraction from Normal Retinal Fundus Image 3. 
(optic Size is Normal)
Optic cup Extraction from Normal Retinal typically       4. 
FundusImage (the cup-to-disc ratio of normal subjects is  
around 0.2 to 0.3)
Diabetic Retinal Fundus Image.5. 
Diabetic Retinal Fundus Image after.6. 
Optic Disc Extraction from Diabetic Retinal   Fundus Image 7. 
(optic Size is small)
Optic cup Extraction from Normal Retinal FundusImage(the 8. 
cup size is up normal)

V. Conclusion
This paper proposes an improved feature segmentation scheme 
for optic disc segmentation from diabetic retinopathy images. 
This will certainly help health care purposes in development of 
an improved computer aided diagnosis system.

VI. Future Enhancement
My future work is to categorize the diabetic patients and non 
diabetic patients by analyzing the length of the optic disc,. This 
will certainly help health care purposes in development of an 
improved computer aided diagnosis system.
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