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ABSTRACT

Image segmentation remains one of the major challenges in image analysis, since
image analysis tasks are often constrained by how well previous segmentation is
accomplished. In particular, many existing image segmentation algorithms fail to provide
satisfactory results. In this paper, we propose a hew method of segmenting an image into
several sets of pixels with similar intensity values. Our method is made up of two
procedures. First, we develop the adaptive g lobal maximum clustering. Threshold values
used for finding clusters and their labels are found automatically. In this procedure, we
deal with an image and automatically obtain the number of significant local maxima.
This number indicates the number of di fferent regions in the image.  Second, we derive a
simple and fast calculation to segment an image. Finally, we show the efficiency of our

method by comparing it with other previous methods.
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INTRODUCTION the detection of exudates associated with
Diabetic retinopathy, hypertension, diabetic retinopathy, since both of them are
glaucoma, and macular degeneration arspots with similar intensity. Secondly, the OD
nowadays some of the most common causes ofiargin can be used for establishing standard
visual impairment and blindness. Earlyand concentric areas in which retinal vessel
diagnosis and appropriate referral for treatmentliameter measurements are performed by
of these diseases can prevent visual lossalculating some important diagnostic indexes
Usually, more than 80% of global visual for hypertensive retinopathy, such as central
impairment is avoidable, and in the case ofetinal artery equivalent (CRAE)nd central
diabetes by up to 98%. All of these diseasesein equivalent(CRVE). Thirdly, the relation
can be detected through a direct and reguldsetween the size of the OD and the cup {cup
ophthalmologic examination of the risk discratio) has been widely utilized for
population. However, population growth, glaucoma diagnosis. In addition, the relatively
aging, phgical inactivity and rising levels of constant distance between the OD and the
obesity are contributing factors to the increasdovea is useful for estintimg the location of the
of them, which causes the number ofmacula, area of the retina related to fine vision.
ophthalmologists needed for evaluation byMoreover, the center, or even the border, of the
direct examination is a limiting factor. So, aOD also serves as initial point for vessel
system for automatic recognition of thetracking algorithms due to the fact that all
chalcteristic patterns of these pathologicalretinal vessels are originated from there.

cases would provide a great benefit. _ )
Numerous OD segmentation methods, i.e.,

Regarding this aspect, optic disc (OD)OD-boundary detectors, have been reported in
segmentation is a key process in manyhe literature. In general, the presented
algorithms designed for the automatictechniques can mainly be grouped into
extraction of anatomical ocular structures, thaemplatebased methods, deformable models,
detection of retinal lesions, and the and morphological algorithms. Different
identification of other fundus features. First, theapproacks have been proposed according to

OD location helps to avoid false positives intemplatebased methods: edge detection
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techniques followed by the Circular Hough algorithms to get a better approximation of the
Transform; pyramidal decomposition andOD-boundary.Other methods related to the OD
Hausdorffbased template matching; color is focused on locating its center. On the whole,
decorrelated templates; or a kMNbBgress or they are based on that all retinal vessels
along with a cicular template. Concerning originate from the OD and their path follows a
deformable models, GV\Bnake, ASM, and parabolicpattern.
modified active contours, which exploit ) ] ) ,
N o The method proposed in this paper is mainly
specific features of the optic disc anatomy or )
_ _ based on mathematical morphology although
incorpore knowledgdased clustering and o )
_ _ includes a principal component analysis (PCA)
updating, have also been used to this purpose. _ . .
_ ~in the preprocessing stage. Th following: First,
As for algoritms based on mathematical ) ) , )
the PCA is applied on RGB fundus image in
morphology, most of them detect the OD by _ _ _ _
. order to obtain a greymage in which the
means of watershed transformation, generally _
different structures of the retina, such as vessels
through markercontrolled watershed, although . ]
_ and OD, are differentiated more clearly to get a
each author chooses different markers. . .
more accurate detection of the OD. This stage
The centroid of the largest and brightestis very important since it largely determines the
object of the imge is consider as an final result. Then, the vessels are rewm
approximation for the locus of the OD and it isthrough inpainting techniqgue to make the
used as internal marker. The extended minimaegmentation task easier. Next, a variant of the
transformation is applied to select the internalatershed transformation, the stochastic
markers and external markers are calculated asatershed transformation, followed to a
an effectively partition of the image into stratified watershed, are implemented on a
regions, so that each region contains singleegion of the original image. Finallit,must be
internal marker and part of the background. Adiscriminated which of the obtained watershed
list of pixels belonging to the main vesselsregions belong to the optic disc and which ones
arcade in the vicinity of an internal OD point are not. A geodesic transformation and a
previously detected is employed. On the othefurther threshold are used to achieve that

hand, some authors proposentmning various purpose. The algorithm is fully automatic, so
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process is speedeg @nd user intervention is is also performed to fit the final region contour
avoided making it completely transparent.by a circumference. In the block diagram of the
Moreover, the method provides robustness itomplete segmentation process is depicted.

each processingtep. First, it is independent of

. REPROCESSING
the database thanks to using PCA. Secondly, rt)

. . L Generally, an initial gragcale image is
employs the greymage centroid as initial ed y gray J

. ) L . ___hecessary to carry out most of the segmentation
so that not only the pixel intensity is taken into

. . _algorithms of the literature. However, in the
account. Thirdly, it makes use of the stochastic

. . _ case of the OD segmentation, each author
watershed in order to avoid ssbgmentation

. considers appropriate a different intensit
problems related to classical watershed PPIOP y

. . jmage, such as a band of the or&irRGB
transformation. In addition to that, the proposec] g 9

, image or a component of other color spaces. In
algorithm has pragced statef-the-art results g P P

in standard database. this work, the use of a new grsgale image is
proposed. Specifically, it is calculated by

means of PCA because this type of analysis
METHOD

A.THEORETICAL BACKGROUND

The automatic  OBegmentation

maximizes the separation of the different
objects that compose amage so that the

. . , structures of the retina are better appreciated. In
method proposed in this paper is focused on PP

. : _ addition, it is much less sensitive to the existing
using different  operations based

) variability in a fundus image regarding color,
mathematical morphology on a funduosage to Y g g d

, _ intensity, etc. As seen in Al, the first PC is the
obtain the O~Bcontour. Previously, a

. . . . most significant sc*1- defined as, andis
preprocessing of the original RGB image is

. . . chosen as the input image of the method
required. The first step of the preprocessing

. . . presented in this paper. It must be stressed that
consists of applying PCA to transform the input

. , : . to ensure that contains the most structural
image to grey scale. This technique combines

N . . contrast and information of the original RGB
the most significant inforation of the three

. . . ... channels, it should be verified that the largest
components RGB in a single image so that it is

. . ._eigen value represents kast a 90% of the
a more appropriate input to the segmentation

: . total sum of eigen values. In spite of this
method. After segmentation, a post processing
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situation is not often in the consulted databasesf contours, according, which is then
#1- | if the largest eigen value represents lessegmented by volume watershed for defining
than 90%, the components whose sum of eigethe most significant regions. Howeayen the
values get the 90% must be processed imarker definition not only internal markers
parallel. Aferwards, the input of the watershed(that specify what the object of interest is) are
transformation will be the pixekise maximum needed, but also an external marker which
of the gradient images. limits the area to be segmented. On the one
) _ o hand, the chosen externalarker will be a
The non uniform illumination of _
) _ _ _ circle of constant diagter centered on the
this grey image is also corrected and its _ N
. centroid of the mage, calculated. Specifically,
contrast is increased through a local _ o _ _
. o the size of this circle is related to the image
transformation using image enhanceinen _ . .
size, so that it is approximated by a 15% of the
Retinal vessels are originated size of the fundus image (with this size we
from the OD therefore there are numerousmade sure that the optic disc is included)isTh
vessels crossing its border which makes itsvay for calculating the greynage centroid
discrimination difficult. So, vessel removal of combines the centrality of the image with
the enhanced image is implemented by theespect to edge distance (i.e., purely geometric)
inpainting technique. Its aim is to extraceth but penalizing this distance in relation to the
OD-boundary more precisely and to reduce théntensities.
existing borders within the OD which increase _ _
. . . Thus, note that it cannot be defined as
the risk of subsegmentation. In particular, the _ N
) R ) _ the center ofmass of the intensities or as the
region to be inpainted is a binary mask of the _ _
i ] center of the brighter and larger zone, since the
retinal vessels, which must have been _
) two effects are combined. For that reason, to
segmented previously. _ _ _
use this algorithm to calculate the centroid of a
OD SEGMENTATION retinal image, it must be made sure that the
The segmentation method makes use ofptic disc is a brighter zonehdan the
the stochastic transformation uses randontackground (sufficiently contrastedhd it has

markers to build a probability density function a significant size with respect to the image size.
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So, it is advisable to compute this algorithm onregion obtained by the proposed method and its
the residue of close holes of the original greycircular approximation.

image. In the different results of the algorithm

B. ALGORITHM
can be appreciated, both applied to the first

principal component of the original image after; pca

inpainting tEChnique and applled to the residue The input of the Segmentation process is
of a close holes of the previous image. obtained through PCA.PCA is to reduce the
dimensionality of a data set consisting of a

POST PROCESSING
. . number of interrelated variables.This is
Once the region of interest has been

. . L achieved by transforming to a new set of
obtained, the result nst be fitted to eliminate y g

_ variables, the principal components (PCs),
false contours, which are detected due P P P ( )

which are uncorrelated, and ordered so that the
generally to the blood vessels that pass throug

o . first few retain most of the variations present in
the OD. The inpainting technique was

all of the original variables.
performed to remove most of them,

previously = mentioned, however some SEOMENTATON

PCA

irregularities can still be apgpeiated in the final

region contour. In the same way that in

- - ADAPTED GLOBAL
although a elliptical shape could also have bee N :1/\ VAN
. . i ]
chosen. The main reason for fitting the OD by a\."* r CLUSTERING
circle is because this algorithm will later be
Good quality
0D image

h |l et s

STOCHASTIC
used to establish a zone of the retina concentric WATERSHED

to the ODmargin according to a standard Wi

protocol with the aim to perform vessel APPR%W

diameter measurements. The fit is performed

by means of Kasabs met hod whi c
2. IMAGE ENHANCEMENT
calculate the center and the radius of the circle ) ] o
The non uniform illumination of

that better is adapted to a binary regior _ _ ) )
P Y regiomtigh this grey image is also corrected and its
least squares shows the contour of the final .
contrast is increased through a local
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transformatiol(I'). The transformation for image. This way for calculating theyrey-
shade correction is given by the expression  image centroid combines t he centrality of the

Y=t . . image with edge distance (i.e., purely
. W(f - tmin) T g, ift < iy
Mifip=1 =

'(h“f—'”)){}_ (Jm;w)u””w ifE> gy relation to the intensities. The internal markers,
b= Tyae ) " L

geometric) but penalizing this distance in

»'r“”, will uniform random markers generated

fron and £ - :
Where®nim maxare the  minimum within the area limited byfoxt. Hence, the

and maximum grey level of the image final set of markers (external and internal),

respectively,¥inin and 5 are the target -J'r'mis the logical OR of both of them

er. - fim Y fvxl .

levels (typically 0 and 255, respectively ,qu
is the mean value of the image for all pixels

within a window centered at the current pixel x
4 CIRCULAR APPROXIMATION

and with a size larger than the OD, and the ) )
Once the region of interest has been

parameter r is used to control the costra ) , o
obtained, the result mube fitted to eliminate

increasing. .
false contours, which are detected due

3. STOCHASTIC WATERSHED generally to the blood vessels that pass through
The segmentation method makes use ofh€ OD. The main reason for fitting the OD by

the stochastic watershed. This transformatio@ Circle is because this algorithm will later be

uses random markers to build a probability Used to establish a zone of the retina concentric

density functiot”4) of contours,which is to the ODmargin according to a standard

then segmented by volumievatershed for protocol with the aim to perform vessel

- N : diameter measurements. The fit is performed
defining the most significant regions. However,

in the marker definition not only internal by means of Kasaos met

calculate the center and the radius of the circle
markers are needed, but also an external marker

which limits the area to be segmented. Thethat better is adapted to a binary regibrotigh

: least squares.
chosen external markJ oxt will be a circle

of constant diamter centered on the centroid of
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5. ADAPTIVE GLOBAL MAXIMUM version of the original histogram, the global
CLUSTERING maximum also adaptively changes every

The adaptive global maximum iteration. Therefore, we call such a
clustering method is applied to automaticallymaximum an adaptive global maximum that
find the number of different regions and thecorresponds to one of the significant local
meaningful clusters that have an importanmaxima of tle original histogram. This whole
role in segmentation press. The adaptive process is a series of clustering a gray level
global method is an unsupervised learningjnterval into several subintervals so that the
trying to find the hidden structure of an image.original histogram hasthe adaptive global
Here we use an image histogram to get thenaximum over each subintervalhus, we call
number of different regions. In most images,this process the AGMC process.

there are too many local maxima of image _ _
_ _ Each cluger is usually characterized by
histograms. But weneed tofind only the ) ) ) S
o _ _ _ a constant intensity and no spatial constraint is
significant local maxima since thoseaxima o .
o _ imposed. In practice, images are usually noise
are necessary to discriminate regions. To , , _
T _ ~contaminated versions of the reflected density
extract the significant local maxima, we first ) _ _ )
_ _ _ function, and the image intensity of the same
search for an interval, including the global
_ o _ class may change over space duestome
maximum of an original histogram, arien ) . . .
physical constraints of the imaging system. In

fix the interval. Then such a fixethterval is , , o
o many biomedical applications, even though the
called a cluster. Next, we eliminate the cluster _ o ) )
_ _ relative intensity is evident for different
gained from the former searching process, o _ )
o _ _ clusters within a small neighborhood, different
from the original histogram to find another ) _ o
clusters at different locations may have similar

new cluster. Then search for the new cluster ) _
_ _intensity appeance due to the inhomogeneous
of the reduced histogram and repeat this ) _ _
_ _ nature of the imaging media. Therefore, a
process until we get the desired result. Here the _ ) _
_ _ single global threshold is usually inapplicable
x-axis denotes the gray level | and thexs _ o
to such images even within the samb 2ross

denotes the number of occurrences of each - ) _
section. The ability of being adaptive to the

gray level h(l). Later the histogram changes _ S )
_ _ o local intensity distribution is generallyqeired
every iteration, whichis exactly the reduced
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for a robust image clustering algorithm to structure isusually caused by in homogeneity
obtain the correct clustering results. In additionjn the process of image acquisition, such as the
certain spatial constraints are needed to preveimhomogeneous distribution of the contrast
the algorithm from mis clustering caused by theagent in CT imaging or inhomogeneous
impulse noise introduced in the process ofistribution of the magnetic field gradient in
image acquision and reconstruction. Such MR imaging. It has been shown that such
spatial constraint is based on the assumptiomtensty change can be updated locally during
that a pixel generally tends to belong to saméhe segmentation process through a maximum a
cluster as most of its neighbors unless it is omposteriori (MAP) estimation scheme. In this
the edge of a sharp region transition. Theseesearch, the update of intensity change is
extensions have included the spatiahstoaints represented by the estimated local cluster
through the modeling of the spatial distributionmeans and local cluster variances. & denote
of the clusters as Gibbs random fields. a given image by y and a segmentation of this
Such modeling of spatial distribution 'mage by x, according

) ) , S posteriori probability can be expressed as
indeed imposes the spatial continuity in the

process of clustering. His algorithm includes p(xly) = plylz) p(z)

not only the 2D spatial constraints  where?(@)is the a priori probability of the
characterized by Gibbs random fields, but alssegmentation, and represents  the

the adaptive capability specified throughconditional probability of the imagéata given
iterative estimation of local means of eachthe segmentation. The Gibbs random field can
region. We have ext e bacbadacteFizepby a seighbashbogl systént ahdm
through the development of -3 spatial a potential function. A Gibbs random field
constraints to suit the volugtric nature of the constrained image segmentation is
image data and an enhanced adaptive capabilisccomplished by assigning labels to each pixel
to account for the varying characteristics of then the given image. Thereforee have

cluster means as well as cluster variances.

In biomedical applications, the spatially If we consider that a -B image is

varying intensity change of a biomedicaldefined on the Cartesian grid and the
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