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 Background: The pathological effects of optic disc by using PCA and mathematical 
morphology are a process to design for the automatic extraction in the disease 
identification. Segmentation is also relevant for automated diagnosis of other 
ophthalmic pathologies. Objective: This work analysed to segment the optic disc from 
the fundus image. The goal is to facilitate the early detection of certain pathologies and 
to fully automate the process. Optic disc contour extraction is based on the 
mathematical morphology and principal component analysis. The operations such as 
generalized distance-function a variant of the watershed transformation, the stochastic 
watershed transformation and geodesic transformation. The input of the segmentation is 
obtained through Principal Component Analysis (PCA). Results: The system is based 
on extraction of optic disc from the fundus image, which coincides approximately with 
vessel centerlines. The images are used to compose primitives in the form of line 
elements. With the line elements an image is partitioned into patches by assigning each 
image pixel to the closest line element. Every line element constitutes a local coordinate 
frame for its corresponding patch. For every pixel, feature vectors are computed that 
make use of properties of the patches and the line elements. The purpose of using PCA 
is to achieve the grey-scale image better represents than the original RGB image. The 
advantage is good evaluation measure might be the performance of a computer aided 
diagnosis system for retinal images Conclusion: Our approach is generally similar in 
the sense that a model of what is a good image is defined using a set of images of good 
quality from that we segment the optic disc from the fundus image . Optic Disc 
Segmentation takes place an important role in the disease identification However, the 
model itself is different and stems from observations on the characteristics of good and 
bad images. 
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INTRODUCTION 
 
Segmentation: 
 Segmentation is the process of partitioning an image into semantically interpretable regions. Image 
segmentation is the process of separating or grouping an image into different parts. These parts normally 
correspond to something that humans can easily separate and view as individual objects. Computers have no 
means of intelligently recognizing objects, and so many different methods have been developed in order to 
segment images. The segmentation process in based on various features found in the image. This might be 
colour information that is used to create histograms, or information about the pixels that indicate edges or 
boundaries or texture information. The simplest method of image segmentation is called the threshold method. 
This method is based on a clip-level (or a threshold value) to turn a gray-scale image into a binary image. 
Several popular methods are used in industry including the maximum entropy method, Otsu's method (The key 
of this method is to select the threshold value (or values when multiple-levels are selected). maximum variance), 
and k-means clustering. Recently, methods have been developed for thresholding computed tomography (CT) 
images. The key idea is that, unlike Otsu's method, the thresholds are derived from the radiographs instead of 
the (reconstructed) image. Histogram-based methods are very efficient when compared to other image 
segmentation methods because they typically require only one pass through the pixels. In this technique, a 
histogram is computed from all of the pixels in the image, and the peaks and valleys in the histogram are used to 
locate the clusters in the image. Color or intensity can be used as the measure. A refinement of this technique is 
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to recursively apply the histogram-seeking method to clusters in the image in order to divide them into smaller 
clusters. This is repeated with smaller and smaller clusters until no more clusters are formed.  
 Gagnon et al., (2001) proposed that the design and test of an image processing procedure for detecting all 
important anatomical structures in color fundus images. These structures are the optic disk, the macula and the 
retinal network. The algorithm proceeds through five main steps: (1) automatic mask generation using pixels 
value statistics and color threshold, (2) visual image quality assessment using histogram matching and Canny 
edge distribution modeling, (3) optic disk localization using pyramidal decomposition, Hausdorff-based 
template matching and confidence assignment, (4) macula localization using pyramidal decomposition and (5) 
vessel network tracking using recursive dual edge tracking and connectivity recovering. Mask generation aims 
at labeling pixels belonging to the fundus Region Of Interest (ROI) in the entire image. Pixels outside that ROI 
are those belonging to the dark surrounding region in the image. Those pixels are not strictly dark (0 intensity 
value) and the need to discard them for subsequent processing stages is necessary. The mask generation uses 
pixel value statistics outside the ROI of the fundus image. Statistics are calculated for each color bands of the 
image followed by a 4-sigma thresholding with a free parameter empirically chosen such that pixels with 
intensity value above that threshold are considered to belong to the ROI.The image quality assessment module 
follows a model-based approach that uses model histograms for the pixel and edge value distributions. Our 
approach is generally similar  in the sense that a model of what is a good image is defined using a set of images 
of good quality. However, the model itself is different and stems from observations on the characteristics of 
good and bad images. Two criteria have been retained that focus on the distribution of the edge magnitudes in 
the image and the “local” distribution of the pixel intensity.  
 Niemeijer, et al., (2009) proposed Optic disc (OD) and fovea locations are two important anatomical 
landmarks in automated analysis of retinal disease in color fundus photographs. This paper presents a new, fast, 
fully automatic optic disc and fovea localization algorithm developed for diabetic retinopathy (DR) screening. 
The optic disc location algorithm is designed based on the characteristics of the different channels in digital 
color fundus images. Although in the red channel of fundus images the optic disc generally has good intensity 
contrast and well-defined boundaries, this observation is not always true in diabetic retinopathy images. Even in 
healthy retinal images, red channel image saturation is common due to the imaging technique or eye/fundus 
pigmentation.  It  is fast, fully automatic optic disc and fovea localization algorithm developed for diabetic 
retinopathy screening. The limitation is the images with highest grade of diabetic retinopathy and the risk of 
macular edema, have the lowest rate of optic disc and fovea location. Osareh et al., (2002) proposed that, In 
retinal image analysis, the detection of optic disk is of paramount importance. It facilitates the tracking of 
various anatomical features and also in the extraction of exudates, drusens etc., present in the retina of human 
eye. The health of retina crumbles with age in some people during the presence of exudates causing Diabetic 
Retinopathy. The existence of exudates increases the risk for age related macular Degeneration (AMRD) and it 
is the leading cause for blindness in people above the age of 50.A prompt diagnosis when the disease is at the 
early stage can help to prevent irreversible damages to the diabetic eye. Screening to detect diabetic retinopathy 
helps to prevent the visual loss. The optic disk detection is the rudimentary requirement for the screening. In this 
paper few methods for optic disk detection were compared which uses both the properties of optic disk and 
model based approaches. They are uniquely used to give accurate results in the retinal images. PCA is a 
statistical method.  
 Aquino et al., (2010) proposed that Optic disc (OD) detection is an important step in developing systems 
for automated diagnosis of various serious ophthalmic pathologies. This paper presents a new template-based 
methodology for segmenting the OD from digital retinal images. This methodology uses morphological and 
edge detection techniques followed by the Circular Hough Transform to obtain a circular OD boundary 
approximation. It requires a pixel located within the OD as initial information. For this purpose, a location 
methodology based on a voting-type algorithm is also proposed. The relatively constant distance between the 
OD and the fovea, can be used to help estimate the location of the latter. OD segmentation is also relevant for 
automated diagnosis of other ophthalmic pathologies. One of them and maybe the most noteworthy is 
Glaucoma. It is the second most common cause of blindness worldwide. Glaucoma is identified by recognizing 
the changes in shape, color, or depth that it produces in the OD .Thus, its segmentation and analysis can be used 
to detect evidence of Glaucoma automatically. The main advantage of this method is for OD segmentation is 
that overlapping areas between the automated segmentation may be achieved. The disadvantage of this method 
is that no automated criterion was used for selecting image between the channels 
  Xu, et al., (2007) proposed a deformable-model based approach is presented in this paper for robust 
detection of optic disk and cup boundaries. Earlier work on disk boundary detection up to now could not 
effectively solve the problem of vessel occlusion. The method proposed here improves and extends the original 
snake, which is essentially a deforming-only technique, in two aspects: knowledge-based clustering and 
smoothing update. The contour deforms to the location with minimum energy, and then self-clusters into two 
groups, i.e., edge-point group and uncertain-point group, which are finally updated by the combination of both 
local and global information. An automated detection of cup and disk boundaries is proposed based on free-form 
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deformable model technique (snake). The boundaries are extracted based on the combined information of 
smoothness, gradient, depth, etc. The algorithm extends the original snake technique further in two aspects to 
directly solve the problem of the influence of blood vessels without affecting the accuracy. The advantage of 
this method is reliable and fully automated extraction of optic disc. The limitation is that much of prior work has 
focused on optic disc boundary detection. 
 Hajer et al., (2008) proposed the location of the optic disc is of critical importance in retinal image analysis. 
We improve on past approaches on optic disc detection by working in colour space and also by localizing 
accurately the optic disc boundary using an automatically initialized snake. The key issue presented is a 
comparison of colour spaces for performing colour morphology to remove blood vessels and prepare the image 
for snake analysis. Snake methods work on a gradient image and lock onto homogeneous regions enclosed by 
strong gradient information. In this application, this task is made extremely difficult since the OD region is 
invariably fragmented into multiple regions by blood vessels.. We carried out a series of experiments to 
determine the best method of obtaining a homogeneous OD region by performing grey level morphology as in 
grey level morphology using the lightness channel L of the HLS colour space, colour morphology using the full 
HLS space, and two variations of colour morphology using the Lab space. In all these cases, we performed a 
closing operation: i.e. a dilation to first remove the blood vessels and then an erosion to restore the boundaries to 
their former position. This can result in some minor inaccuracies, particularly if any boundary concavities are 
filled by the dilation, but in the main performs very well. 
 
Problem Description: 
Sub-Segmentation: 
  Sub-segmentation is the partitioning of an image into relevant regions, is a fundamental problem in image 
analysis. Accurate segmentation of objects of interest is often required before further analysis can be performed. 
This problem occurs in the detection of optic disc. 
 
Mask Generation: 
 A mask is a black and white image of the same dimensions as the original image or the region of interest 
you are working on. Mask generation  problem occurs in the detection of optic disc in the fundus image. 
 
Macula Detection: 
 The macula is a depression in the center of macular region and appears as a darker area in a colour retinal 
image. It is located temporal to the optic disc and has no blood vessels present in its center. The fovea centralis 
lies at the center of the macula that is utilized in activities that require discerning sharp details such as reading. 
The patient may not be aware of the presence of the abnormalities if they are small, but, if left untreated, it 
results in severe loss of vision. Therefore, it becomes important to detect and mark the macular region in a 
retinal image for  automated detection of abnormalities and their severity level. 
 
Boundary Detection: 
 The boundary detection is more precisely and to reduce the existing borders within the optic disc which 
increases the risk of sub-segmentation. Boundary detection in optic disc is extracted in parallel from the 
morphological and edge detection techniques. 
 
Fovea Location: 
 Fovea is the central part of the eye. It is the most important part of retina. The fovea is located in a small a 
vascular zone and receives most of its oxygen from the vessels in the choroid, which is across the retinal 
pigment epithelium and Bruch's membrane. The high spatial density of cones along with the absence of blood 
vessels at the fovea accounts for the high visual acuity capability at the fovea. The combined effects of the 
macular pigment and the distribution of short wavelength cones results in the fovea having a lower sensitivity . 
 
Block Diagram: 
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Pre-Processing: 
 An initial gray-scale image is necessary to carry out most of the segmentation algorithms of the literature. 
However, in the case of the OD segmentation, each author considers appropriate a different intensity image, 
such as a band of the original RGB image or a component of other color spaces. In this work, the use of a new 
grey-scale image is proposed. Specifically, it is calculated by means of PCA because this type of analysis 
maximizes the separation of the different objects that compose a image so that the structures of the retina are 
better appreciated. In addition, it is much less sensitive to the existing variability in a fundus image regarding 
color, intensity, etc., The first PC is the most significant so defined and is chosen as the input image of the 
method presented in this paper. It must be stressed that to ensure that contains the most structural contrast and 
information of the original RGB channels, it should be verified that the largest eigen value represents at least a 
90% of the total sum of eigen values. In spite of this situation is not often in the consulted databases, if the 
largest eigen value represents less than 90%, the components whose sum of eigen values get the 90% must be 
processed in parallel. Afterwards, the input of the watershed transformation will be the pixel-wise maximum of 
the gradient images. 
 
Principal Component Analysis (PCA): 
 The central idea of PCA is to reduce the dimensionality of a data set consisting of a number of interrelated 
variables, while retaining as much as possible of the variation present in the data set. This is achieved by 
transforming to a new set of variables, the principal components(PCs), which are uncorrelated, and ordered so 
that the first few retain most of the variations present in all of the original variables. 
The Covariance Matrix is 

 
 
Image Enhancement: 
 The principal objective of image enhancement is to process a given image so that the result is more suitable 
than the original image for a specific application. It accentuates or sharpens image features such as edges, 
boundaries, or contrast to make a graphic display more helpful for display and analysis. The enhancement 
doesn't increase the inherent information content of the data, but it increases the dynamic range of the chosen 
features so that they can be detected easily. 
 
Inpainting: 
 Retinal vessels are originated from the OD therefore there are numerous vessels crossing its border which 
makes its discrimination difficult. So, vessel removal of the enhanced image is implemented by the inpainting 
technique explained .Its aim is to extract the OD-boundary more precisely and to reduce the existing borders 
within the OD which increase the risk of sub-segmentation. In particular, the region to be inpainted is a binary 
mask of the retinal vessels, which must have been segmented previous .Hence, a rough segmentation of the 
vessels is performed by means of a k-means clustering from the green band of the original image with a k value 
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equals to 3. This algorithm classifies the image pixels in three clusters so that each pixel belongs to the cluster 
with the nearest mean. Then, two of the three obtained clusters are defined as vessel. Three classes are required 
because thick and thin vessels may be very different. Afterwards, a unitary morphological dilation of the 
segmented vessels yields the final vessel mask. The purpose of this operation is to make sure that the vessels 
will be contained in the mask. In Figure the performed preprocessing of the original image can be observed, 
both the obtaining of the first PC and its enhancement by means of nonlinear transformation and also the vessel 
removal. Note that the whole image is processed although only a region of interest is shown for better 
visualization. The inpainted pixel value is  

     
The two basic morphological operators are 
     

      
 

                
 

              Original Image                                  First Principal Component 
 
Optic Disc Segmentation: 
 Optic Disc Segmentation takes place an important role in the disease identification. It has several 
transformations to implement the algorithm. 
 
Centroid Calculation: 
 The centroid of a grey-level image  can be calculated based on the generalized distance function (GDF). 
This algorithm is focused on modifying the classic two-pass sequential distance function  so that  edge cost is 
taken into account, raster and anti-raster scans of the image are iterated until stability. 
 
Stochastic Watershed Transformation: 
 Watershed transformation  is a segmentation technique for gray-scale images. This algorithm is a powerful 
segmentation tool whenever the minima of the image represent the objects of interest and the maxima are the 
separation boundaries between objects. Due to this fact, the input image of this method is usually a gradient 
image. In mathematical morphology, the gradient of an image is obtained as the point wise difference between a 
unitary dilation and a unitary erosion is                
 

 
 
 In the case of a gradient image is considered as input image, the watershed transformation produces a 
segmentation which can be viewed as a set of closed contours of segmented regions which will be noted by, or a 
partition of the space in a set of classes named .However, one problem of this technique is the over-
segmentation, which is caused by the existence of numerous local minima in the image normally due to the 
presence of noise. One solution to this problem is using marker-controlled watershed, in which the markers 
artificially indicate the minima of the image. Nevertheless the controversial issue consists in determining for 
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each region of interest if otherwise.  Note that the use of few markers along with the existence of borders within 
the OD can also cause that some parts of it are not detected (sub-segmentation).  
 So that, the choice of the correct markers is crucial for the effectiveness and robustness of the algorithm. A 
watershed transformation variant is used to solve this conflict, the stochastic watershed . In this transformation, 
a given number of marker-controlled-watershed realizations are performed selecting random markers in order to 
estimate a probability density function of image contours and filter out non significant fluctuations. 
  
Post-Processing: 
 The region of interest has been obtained, the result must be fitted to eliminate false contours, which are 
detected due generally to the blood vessels that pass through the OD. The inpainting technique was performed to 
remove most of them, as previously mentioned, however some irregularities can still be appreciated in the final 
region contour. 
 
Optic Disc Contour: 
 The OD-contour has been estimated as a circle in the same way that although a elliptical shape could also 
have been chosen. The main reason for fitting the OD by a circle is because this algorithm will later be used to 
establish zone of the retina concentric to the OD-margin according to a standard protocol with the aim to 
perform vessel diameter measurements. The fit is performed by means of Kasa’s method which lets calculate the 
center and the radius of the circle that better is adapted to a binary region through least squares. The contour of 
the final region obtained by the proposed method and its circular approximation. The following figure represents 
contour of the obtained region and circular approximation of the Optic Disc contour  
 

  
 
                        Contour of the obtained region          Circular Approximation of the Optic Disc Contour 
 
Simulation and Results: 

 
 
Conclusion: 
 The Pathological Effects of Optic Disc by using PCA and Mathematical Morphology algorithm proposed is 
analysed in this paper can effectively detect the optic disc and segmented it. In this paper, a new approach for 
the automatic detection of the optic disc has been presented. First, it is focused on the use of a new grey image 
as input obtained through PCA which combines the most significant information of the three RGB components. 
Secondly, several operations based on mathematical morphology are implemented with the aim of locating the 
OD. For that purpose, stochastic watershed and geodesic transformation have been used. The final goal of the 
proposed method is to make easier the early detection of diseases related to the fundus. Its main advantage is the 
full automation of the algorithm is obtained. 
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