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ABSTRACT
The retinal fundus photograph is widely used in the diagnosis and treatment of
various eye diseases such as diabetic retinopathy and glaucoma. Medical image analysis and
processing has great significance in the field of medicine, especially in non-invasive
treatment and clinical study. A computer-aided fundus image analysis could provide an
immediate detection and characterization of retinal features prior to specialist inspection.
Segmentation in eye imaging provides an important role for calculating the geometric shape
and size of optic disc and anterior segment and abnormal growth of any region in the eye.
The algorithm proposed in this paper allows to automatically segment the optic disc from a
fundus image. Here we will use the algorithm such as principal component analysis (PCA)
and Mathematical Morphology
Keywords: Optic disc, principal component analysis, watershed transformation
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I INTRODUCTION
DIABETIC RETINOPATHY, HYPERTENSION, GLAUCOMA, AND MACULAR DEGENERATION
ARE NOWADAYS SOME OF THE MOST COMMON CAUSES OF VISUAL IMPAIRMENT AND BLINDNESS.

Early diagnosis and appropriate referral for treatment of these diseases can prevent visual
loss. Usually, more than 80% of global visual impairment is avoidable, and in the case of
diabetes by up to 98%. All of these diseases can be detected through a direct and regular
ophthalmologic examination of the risk population. However, population growth, aging,
physical inactivity and rising levels of obesity are contributing factors to the increase of them,
which causes the number of ophthalmologists needed for evaluation by direct examination is
a limiting factor. So, a system for automatic recognition of the characteristic patterns of these
pathological cases would provide a great benefit. Regarding this aspect, optic disc (OD)
segmentation is a key process in many algorithms designed for the automatic extraction of
anatomical ocular structures, the detection of retinal lesions, and the identification of other
fundus features. First, the OD location helps to avoid false positives in the detection of
exudates associated with diabetic retinopathy, since both of them are spots with similar
intensity. Secondly, the OD margin can be used for establishing standard and concentric areas
in which retinal vessel diameter measurements are performed by calculating some important
diagnostic indexes for hypertensive retinopathy, such as central retinal artery equivalent
(CRAE) and central vein equivalent (CRVE). Thirdly, the relation between the size of the OD
and the cup (cup-disc-ratio) has been widely utilized for glaucoma diagnosis.
II RELATED REASERCHES
The optic disk segmentation is preceded by converting a color retinal fundus image
into a grayscale image, enhancing the image, and removing its blood vessels and the objects
which are darker than its background and the optic disk. The segmentation process is divided
in two stages. The first stage is a coarse segmentation of optic nerve head. In this stage, the
location of the circle optic nerve head is detected using Hough transform. The next stage is to
conduct the process of active contour model to obtain the form of optic nerve head that comes
closer to its original form. The diagram for preprocessing and segmentation process is shown
in Figure1.

Figure1. Diagram of the segmentation process
The earliest stage in this implementation is image preprocessing. This process is done
to compensate the effects of non-uniform illumination on an image. The image used is a color
retinal fundus image of DRIVE database that has been cropped to size 185 x 172 pixels.
Homomorphic filtering method is used to suppress the effects of uneven illumination while
keeping the intensity discrepancies among all the components in the image.
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III METHODOLOGY

Figure2. Overview of Optic detection
(I) Pre-processing:
1.Principal Component Analysis: 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.

Fig. 3. Principal components. (a) Original fundus image. (b) First PC. (c) Second PC.
(d) Third PC.
Fig. 3 shows the PCs of a RGB fundus image where can be appreciated that the first PC
contains the most structural contrast and information.
2. Image enhancement: The non uniform illumination of this grey image is also corrected and
its contrast is increased through a local transformation. The transformation for shade
correction is given by the expression
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where tmin and tmax are the minimum and maximum grey level of the image,
respectively, Umin and Umax are the target levels (typically 0 and 255, respectively) µf, is
the mean value of the image for all pixels within a window centered at the current pixel and
with a size larger than the OD, and the parameter is used to control the contrast increasing is
applied on resulting an enhanced image.

3.Inpainting: Inpainting algorithms are used in diverse applications, from the restoration of
damaged photographs to the removal/replacement of selected objects [29]. These algorithms
usually try to fill selected parts of an image by propagating external information so that
structure continuity is preserved.
Let a binary image Ω(x) stand for the region to be inpainted and δ Ω for its boundary.
For each δ Ω pixel, x, the inpainted pixel value is computed as

Where Pk denotes the pixel values 5X5 in a neighborhood of the pixel under consideration, n
is the number of neighboring pixels, and lk is the distance between the pixel and each
neighboring pixel. So that, the inpainted image γ(f,Ω) (x) of a gray image f(x) is

After filling δΩ with the computed values, the δΩ -pixels are removing from Ω and
δΩ is recalculated. The process is repeated until the mask is empty and all pixels have been
filled.
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Fig. 4. Preprocessing. (a) Original image. (b) First PC. (c) Enhanced image. (d) Vessel mask
to be inpainted. (e) Inpainted image.
Morphological Operators: Mathematical morphology is a nonlinear image processing
methodology based on minimum and maximum operations whose aim is to extract relevant
structures of an image. Mathematical morphology mostly deals with the mathematical theory
of describing shapes using sets. In image processing, mathematical morphology is used to
investigate the interaction between an image and a certain chosen structuring element using
the basic operations of erosion and dilation. Mathematical morphology stands somewhat
apart from traditional linear image processing, since the basic operations of morphology are
non-linear in nature, and thus make use of a totally different type of algebra than the linear
algebra.
The two basic morphological operators are

Their purpose is to expand light or dark regions, respectively, according to the size
and shape of the structuring element. Those elementary operations can be combined to obtain
a new set of operators or basic filters given by

Light or dark structures are respectively filtered out from the image by these operators
regarding the structuring element chosen.
(II)OD Segmentation:
1. Grey-Image Centroid: 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 twopass sequential distance function so that: 1) edge cost is taken into account; 2) raster and antiraster scans of the image are iterated until stability. Let N+(P) (resp N- (P))., the 8-connected
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neighborhood of pixel p scanned before p (resp., after p ) in a raster scan, and Cf (p,q)=
f(p)+f(q) the associated cost to two neighboring pixels p and q, the algorithm of GDF to set X
in an image proceeds as follows:

More specifically, the grey-level centroid of an image f can be obtained as the maximum of
the GDF to the image border set B as follows.
• Compute GDF to set B in image f, df (B).
• Find the maximal value of df (B), umax.
• Threshold df (B), with umax the calculated to define set C as image centroid.
• If C has more than one pixel, compute the centroid of set C as the maximum edge distance.
2. 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 Q(f)(x) of an image f(x) is obtained
as the pointwise difference between a unitary dilation and a unitary erosion, i.e.,

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 WS(Q (f)), or a partition of the space E in a set of
classes named II(WS(Q (f))). 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 markercontrolled watershed, WS (Q)fmrk , in which the markers artificially indicate the minima of the
image. Nevertheless the controversial issue consists in determining fmrk for each region of
interest
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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 M of marker-controlled-watershed realizations are
performed selecting N random markers in order to estimate a probability density function
(pdf) of image contours and filter out nonsignificant fluctuations. Let {fmrki}M be M sets of N
uniform random markers and WSi = WS(Q)fmrk i the ith output image of the marker-controlled
watershed imposed by fmrki . The pdf of image contours is computed by Parzen window
method as follows:

This type of watershed works better than other marker-based watershed
transformations used previously in the literature. In the next section it will be explained in
detail.
3. Region discrimination: The discrimination between the significant and nonsignificant
regions is based on the average intensity of the region. The value of each region will be equal
to

Being Ni the number of pixels of the corresponding regionΠi . Fig. 5(h) represents the
image µΠ where the intensity of each region is equal to µΠi. The regions belonging to the
optic disc will be light regions around darker regions therefore the residue of a close-hole
operator is calculated on µΠ to obtain the regions that accomplish this condition [Fig.5 (i)].
Afterwards, a threshold is applied on the resulting image to select the valid regions. This
operation leads to the final OD segmentation [Fig.5 (j)]. The value of the threshold is u=m-2s,
being m and s the mean and the standard deviation of the residue of the close-hole operator
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Fig.5. OD Segmentation. (a) GDF. (b) Centroid image. (c) Gradient image. (d) Uniform
random markers. (e) Probability density function of contours using 15 simulations and 100
internal markers. (f) Stratified markers. (g) Watershed regions.
(h) Average intensity of the watershed regions
. (h) Residue of close-hole operator. (i) Thresholding.
(III) Post processing: Once 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 Fig. 6(a).
In this work, the OD-contour has been estimated as a circle in the same way that in
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 a 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. Fig. 6 shows the contour of the final region obtained by the proposed method and its
circular approximation.
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Fig.6. Post processing. (a) Contour of the obtained region. (b) Circular approximation of the
OD contour.
IV RESULTS

Fig 7 Resultant Optic Disk (OD) Detected
Image and Optic Disk (OD) Location

Fig 8 Output of PCA and Mathematical
Morpholiogy Operations
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Fig 9 Output Image Produced by registration System

V. CONCLUSION
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, both stochastic and stratified watershed as well as geodesic
transformation have been used. The algorithm has been validated on five different public
databases obtaining promising results and improving the results of other methods of the
literature.
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 since it does
not require any intervention by clinicians, which releases necessary resources (specialists)
and reduces the consultation time, hence its use in primary care is facilitated.
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