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APPLICATION OF ACTIVE REGION MODEL FOR DETECTION
OF LIVER CANCER

Active region models are methods for automatic ienaggmentation. The models are able to detect shafpe
irregular borders. In the present paper, the meihedamined using medical images of liver charigedlly by cancer
cells.

1. INTRODUCTION

The most difficult procedure of image processingg$3he task of image segmentation. The popular
but well-motivated opinion is that medical images particularly hard to analyze [1]. One of the mos
promising methods of image segmentation is #agve contour approach [2,4,5,7-11]. Originallggctive
contour methods were developed as tools for low-level imaggmentation but with the ability to use
high-level information. The high-level informatios hidden in the given objective function, called
energy, which is used for evaluation of the quatitya contour generated by the method. As shown in
[8,10], contours are contextual classifiers of fEx@ne part of the pixels belongs to the inteaod the
other part to the exterior of a given contour) @active contours are methods of optimal construction
of classifiers. The concept aictive region model is similar [4]. The difference lies in theatuation
of the quality of the segmentation result. Whilethe active contour methods, it is usually the shape
of the contour that is examined, thetive region models additionally evaluate the statistical paetars
of the area inside the examined contour.

The paper is composed in the following way. Fitlsg applied segmentation method, cabetive
regions, is briefly presented. Then, the method is examingidg liver cancer images. Because of its
features, the method can be applied to automatioréeg of liver images. It must be emphasized that
further theactive contour term will be used as a synonym famakes [5] method although the presented
approach can be applied to other variantgctii/e contour method.

2. ACTIVE REGION MODEL

For evaluation of the classic contour an objectirection E, here called energy, is used. Its general
form is as follows:

E = Eint + Eimg + Econ = Eint + Eext

1)
where:
E. - internal energy (e.g. evaluation of the shape),
E., - image energy (e.g. evaluation of the positiothefcontour on the image),
E., - constraint energy (e.g. additional medical kizulge),
E.. - external energy.

The energ)E may also be expressed as a weighted sum of itpaoamts.
In the active region models, the internal energy is identical to thaediin theactive contour
approach [5]:
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(2)
where:
sD[O,l] - position of the point on the contour,
v(s) = x(s), y(s) - coordinates of the considered point,
al [0,1] - elasticity parameter,
Jé; D[O,l] - rigidity parameter.

The classic active contour acts as an edge detetiite the active regions are considered as the so
called region growers, whose evolution dependshenféatures of the area inside the contour. The
statistical features of the examined area are ctedpand evaluated. The region energy (an element of
external energy) is defined as follows [4]:

E egon = ~2J] G(1 (x,y))dxdly

3)
where:
P — the parameter which determines the influericegion energy,
R — the region inside the contour are calculated,
1 (x.y) — the intensity of a given pixel,
G(l(xy)) — the function that evaluates the goodness aftlage data defined as:
Gl =1- 1Y) A
ko 4)

Region energy forces the contour to circumscrileerégion with the expected mean intengitgnd
standard deviation;. The expected parameters can be earlier calcutatetthe basis of a given seed

region, which can be the region inside the initahtour. However, this does not need to be a fitlek
parameter influences the value@fIts value is problematic and it is chosen expentally — preferably
with the aid of a human expert. Note tiavalues ranges from minimum value of 0 to maximuatue
of 1.

Discrete approximation of a region energy (doubtegral over a regioR) can be thought of as the
sum of G values for all pixels in the regidR. Usually the initial region is located inside thearched
object (Fig. 1). However, the method can be suégkssen in the case wheiR is located partially
outside the object (Fig. 2).

Fig. 1. CT image of the liver with sample examinedionR. | denotes pixel intensity which is an argument offthrection G.
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Fig. 2. Initialization — seed regiog (circle on the left) and the result of segmentation the right).

Roughly speaking, the shape of the region is medliiin the directions minimizing the value of the
energy. A force that results from the region endgaggn is always perpendicular to the contour invermy
point (Fig. 3). The direction of the force is detémed by the influence that the resulting move &xen
the region’s assessment (in the sense of statigtioperties of the image). This force is calleatistical
pressure force.

Fig. 3. lllustration of the active region model.eT@volution of the contour is illustrated scheradlyc Black arrows indicate pressure forces.

Resampling of the contour allows it to change thenber of its points dynamically during the
evolution. It can be necessary for cases wher@liibntour has too few points to reflect the baannek
(e.g. corners and concavities) of the searchedcblageurately.

3. AUTOMATIC DETECTION OF LIVER CANCER

The procedure of automatic detection of local lwgeneity of the examined object can consist of
the following basic steps:
- removal of the background,
- initialization of the method which is moved systéicelly or randomly in the area of the object,
with the goal to investigate the whole image,
- the use of expert knowledge to decide which of liteal heterogeneities detected must be
accepted and considered for further investigation.

Fig. 4 and Fig. 5 show exemplary results of appilbicaof theactive region method to segmentation

of the area which can be considered as possibé& tancer. In Fig. 6 different stages of contour
evolution are presented.
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Fig. 5. Seed regioy (small circle on the left) and the result — detdcirea of the liver cancer (on the right).

The quality of the segmentation can only be deteechiif a set of reference images exists. In the
considered case, one needs a number of liver imalgeie the area of liver cancer has

Fig. 6. Different stages of evolution of adive region model - starting from a circle (in the top lefreer) and leading towards the
segmentation result (in the bottom right cornegedbregion presented in Fig. 5 was consideredsrctse.

been exactly marked by a human expert. Assumirtgstich a collection exists, the following measure o
segmentation quality can be applied [6]:

precision(recall
2 .« .
[ precision + recall (5)

Fa=(+?)
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where g is a non-negative number. Frequentjy=1 is used and the measure is calledscore
or F,-measure. Therecision andrecall are well-known measures which can be definedlémAfs:

. t t
precision = recall =
to+ Ty tp+f, (6)

where:
t,—true positive; the number of image pixels that were classifisth@longing to the searched object and

in reality do belong to it,
f, —false positive; the number of image pixels that were classifisdelonging to the searched object,

but in fact do not belong to it,
f,— false negative; the number of image pixels that were wrongly sifésd as not belonging to the

searched object but in reality do belong to it .

In the reported investigations, the reference oregiwere not available.

4. SUMMARY

The active region method is suitable for the task of image segmemdbecause it carries the
information about statistical properties of pixebgp inside an examined region. Moreover, simitar t
other active contours, during contour evaluation it can also take intosoant different features of the
contour shape. All this gives the method an adwgebver the classical ones. With additional cantou
resampling, this method can be successfully useddtection of concave and irregular borders.

The practical evaluation performed using a coltecof liver images allows one to expect that the
method performs well. The investigated medical iesagf computer tomography have been taken in
different conditions and are of different qualitMoreover, the stadium of the diagnosed cancer was
different in each case.

Further developments of this method should be ticeat enriching shape energy (internal energy)
with additional mechanisms and geometric parametérshapes, which would enable the method to
describe different types of shapes and make itdessitive to the noise.
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