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Segmentation of Liver Regions in the Abdominal CT
Image by Multi-threshold and Watershed Algorithm
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In this paper, we proposed a liver extracting procedure for computer aided liver diagnosis system.
Extraction of liver region in an abdominal CT image is difficult due to interferences of other organs.
For this reason, liver region is extracted in a region of interest (ROI). ROI is selected by the window
which can measure the distribution of Hounsfield Unit (HU) value of liver region in an abdominal CT
image. The distribution is measured by an existential probability of HU value of lever region in the
window. If the probability of any window is over 50%, the center point of the window would be assigned
to ROL Actually, liver region is not clearly discerned from the adjacent organs like muscle, spleen, and
pancreas in an abdominal CT image. Liver region is extracted by the watershed segmentation algorithm
which is effective in this situation. Because it is very sensitive to the slight variance of contrast, it
generally produces over segmentation regions. Therefore these regions are required to merge into the
significant regions for optimal segmentation. Finally, a liver region can be selected and extracted by prior

information based on anatomic information.
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1. INTRODUCTION

The recent development of computer system has
innovative influence on medical diagnosis. Medical
diagnosis can be more precise and accurate using
the high tech medical imaging system. Computer
Aided Diagnosis (CAD) technology provides the

objective, quantitative, and synthetic information
for direct diagnosis by analyzing and processing
the medical information from images get by X-ray,
CT, MRI, and ultrasound. The radiology image in—
strument is available to acquire the organ images
s0, it plays an important role in the internal medical

diagnosis. CT image is a bitmap image consisted
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of the HU. It is a x-ray attenuation unit which
characterizes the relative density of a substance.
Most of the organs have substance densities in HU.
In an abdominal CT image, there are many organs,
i.e. river, pancreas, spleen, and kidney. Using HU,
they are detected in a CT imagelll[2].

In this paper, we proposed a liver extracting
procedure for computer aided liver diagnosis
system. Extraction of liver region in an abdominal
CT image is difficult due to interferences of other
organs. For this reason, liver region is extracted
in a region of ROIL ROI is selected by the window
which can measure the distribution of HU value
of lever region in an abdominal CT image. The dis-
tribution is measured by an existential probability
of HU value of lever region in the window. If the
probability of any window is over 50%, the center
point of the window would be assigned to ROIL
Actually, liver region is not clearly discerned from
the adjacent organs like muscle, spleen, and pan-
creas in an abdominal CT image. Liver region is
extracted by the watershed segmentation algo-
rithm which is effective in this situation. Because
it is very sensitive to the slight variance of con-
trast, it generally produces over segmentation
regions. Therefore these regions are required to
merge into the significant regions for optimal
segmentation. Finally, a liver region can be se-
lected and extracted by prior information based on

anatomic information.

2. PROPOSED PROCEDURE

The proposed procedure consists of 2 strategies.
Fig. 1 shows a flow chart of this procedure.

In an abdominal CT image, many organs and
unnecessary regions, i.e. non body, air and patient’s
bed, are obstacles of the liver extraction. First, to
reduce the extraction area, ROI is selected by the
threshold and morphological algorithm. Next, in
RO, the liver is extracted by the watershed seg—

mentation algorithm and region merging.

Image Acquisition

ROl selection

2
Morphological
Processing
¥
Region
Segmentation
v

Liver Detection

1st strategy

{
P R S

2nd strategy

Fig. 1. A flow chart of the extraction procedure.

2.1 ROl selection by a conditional multi-
threshold

Fig. 2 shows an abdominal CT image. As pre-
viously stated, it consists of many regions. These
regions are classified into 3 classes as air, tissue,
and bone. HU value of each class is similar. Air
class has relatively low value and bone class has
high value due to a substance density.

Liver belongs to the tissue class. Therefore air
and bone class are unnecessary in extraction. To
avoid these classes, we employed ROI based on
HU. Selection of ROI consists of 2 thresholds and
morphological algorithm[3].

First, tissue class is extracted by mul-
ti-threshold. In traditional threshold based on a
pixel, many pixels associated in important in-
formation are lost due to noise as Salt & Paper
noise. For this reason, we proposed the conditional
threshold based on feature using window. Let
Wix,y) be a set of SxS window at center point (x,y)
and pwiy be an existent probability in Wix, ).
pwiy is defined as Eq (1).

Fig. 2. An abdominal CT image.



1590 JOURNAL OF KOREA MULTIMEDIA SOCIETY, VOL. 8, NO. 12, DECEMBER 2006

n
p""(r,y) = Tv (1)

where N is the number of pixels and n is the num-
ber of pixels in the range of liver HU class in a
window Wi(x,y). A thresholded image g(x,y) is de-

fined as

Hz,y) if Piey) = (%

g(:c:y) = {0 if Pyiz,y) < ¢ Y

where I(x,y) is a original image and C is a constant.
If p was not satisfied with experimental criteria C,
that point would be excluded in search range. Fig.
3 shows the results of threshold and the proposed
threshold.

Second, to acquire the sensitive variation image,
the result image 1is reconstructed by HU
adjustment. In other words, intensity range of the
result image is expanded into all HU range. Fig.
4 shows the reconstructed image converted to
gray-scale. As shown in Fig 4, liver is relatively
brighter than the others. Fig. 5 shows the histo-

(a) (b)

(c)

Fig. 3. The result of threshold, (a) traditional
threshold (b) the proposed threshold.
(window size : b5x5, HU range : 1000~
1200) (c) different image between (a) and
(b).

Fig. 4. The reconstructed image.
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Fig. 5. The histogram of [(Fig 4].

gram of Fig. 4. A shape of the histogram is
bimodal.

Generally, most information of liver is in the
right part. So we employed the conditional thresh-
old again. In 1st threshold, we used the public val-
ues in HU domain which are widely used. Contrary
to the 1st threshold, in the 2nd threshold, the opti-
mal values in gray scale are used. These values
are measured with Otsu’s method. This method is
"unsupervised” in that there is no knowledge about
the image before processingl[4][5]. The method
separates pixels into two classes Co and Ci (objects
and background or vice versa) by a threshold at
level k. Co denotes pixels with levels {0, 1, 2 ,--,
k}, and Ci denotes pixels with levels {k+1, k+2, -,
T), T being the number of gray levels. Let o; and
o> be the between-—class variance and the total var-

iance of gray scale, respectively.

o7 = wow, (g — 1 )? (3)
T
o=, (i~p,)’p, o
i=0

where pi is a probability of distribution defined as
Eq (5).



Segmentation of Liver Regions in the Abdominal CT image by Multi-threshold and Watershed Aigorithm 1591

7, -
p; = —ﬁ (5)

ap is probabilities of class occurrence and @; proba-

bilities of the class mean levels.

x
wy = Z)Opz- (6)

w, =1~w, N

Lo 1s the zero-order cumulative moments of the
histogram up to the kth level. 1 is the first-order
cumulative moments of the histogram up to the kth
level, i is the total mean level of the original

image.

=20 ®)

= e )

1= i, (10)

The optimal threshold value of an image de-
pends on the maximum value of o;. This method
is based on a discriminant criterion 7, which is the

0} to o) ratio in gray level.
n=— (11)

This approach is better than other popular
threshold methods. In particular, it performs well
in situations which have little contrast between
background and object. It can separate the region
even the case which a histogram is modeled by two
overlapping Gaussian curves with little separation
between two modes. Fig. 6 shows the result of sec-
ond threshold in the reconstructed image.

As shown in Fig. 6, many regions, except liver,

Fig. 6. The result of second threshold.

Fig. 7. A selected RO,

are included in the result image. To avoid extract
those regions, we employed a morphological algo-
rithm as opening and dilation. The process se~
quence consists of two openings and two dila-
tions[3]. From the result image, ROI is decided.
Fig. 7 shows a selected ROI - not latticed area.

2.2 Watershed Segmentation

The watershed segmentation often produces
more stable segmentation results, including con-
tinuous segmentation boundaries. This approach
also provides a simple framework for incorporating
knowledge-based constraints in the segmentation
process[31[6]. In such a topographic interpretation,
three types of points are considered.

1) Points belonging to a regional minimum.

2) Points at which a drop of water, if placed at
the location of any of those points, would fall with
certainty to a single minimum.

3) Points at which water would be equally likely

to fall to more than one such minimum.

For a particular regional minimum, the set of
points satisfying condition @ is called the catch—
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ment basin or watershed of that minimum. The
points satisfying condition @ form crest lines on
the topographic surface and are termed divide lines
or watershed lines. This segmentation generally
results of over-segmentation. Therefore, the
over—segmentation regions need to be optimized by

using correlation of every region pairs[6].

3. RESULTS

Fig. 8 shows the abdominal CT images acquired
a 512x512, HU image from 16th channel multi-slice
CT of GE. As shown in Fig. 8, the boundary, where
liver and serratus anterior muscle adjoin, is diffi-
cult to discern with the naked eye due to the similar
HU value.

The range of the 1st threshold is between 1000
and 1200 HU. For the conditional threshold, win-
dow size set 5x5 and the existent probability set
509%. After thresholding, the result images of the
1st threshold were converted to gray scale image.
Fig. 9 shows the converted images of Fig. 8.

As shown Fig. 9, liver regions can be clearly
discriminated from the CT image. It is the reason
that the intensity difference between liver and ser-

(b)

(© (d)

Fig. 8. The abdominal CT images for processing.

(a) (b)

(c) (d)
Fig. 9. The converted CT images.

ratus anterior muscle was incremented approx-
imately 10 times by converting image from HU
scale (range : 0~2000) to gray scale (range : 0~
255), and much adjacent organs were almost elimi-
nated by 2 times conditional thresholding.

The each ranges of the 2nd threshold are (d) :
100~181, (a) : 110~200, (b) : 115~200, and (c¢) :
110~200 by Otsu’s method. ROI is selected base
on the results of the 2nd threshold after a morpho-
logical algorithm by 9%9 structuring element. Fig.
10 shows the ROI of Fig 8., respectively.

An abdominal CT image is masked with ROL
And then, the masked images were segmented by
watershed algorithm. Because it is very sensitive
to the slight variance of contrast, it generally pro-
duces over segmentation regions. To overcome
and reduce the over—segmentation, regions were
merged by image intensity. Sometimes extracted
liver has a rough boundary. For smooth boundary
of liver, we employed the morphological algorithm
by the spherical structuring element called “rolling
ball” [3]. Fig. 11 shows the final results of the Lver
extraction by proposed method.

The results of the liver extraction were validated

by comparing with the results of manual
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(a) (b)
(¢) (d)

Fig. 10. The result of ROI selection.

(a) (b)

(c) (d)
Fig. 11. The final results of the liver extraction.

extraction. In addition, the results of active contour
model which is used widely in liver segmentation,
were validated. Validation methods are the size ra-
tio of objects, the correlativity and the square root
average error E, between the reference contour
and the comparison contour[7].

The correlation coefficient (p) is

12

where R(i) indicates the distance between the cen-

ter of gravity and the control points in the reference
contour, R and O p indicate the average and stand-

ard deviation of R(i), Cli) indicates the distance
between the center of gravity and the control
points in the comparison contour, C and o indicate

the average and standard deviation of C(i).

RN
7= \fj—v{z (-] (13

E, denotes the distance error value between the

control points r (i) on the reference contour and the
control points ¢(i) on the comparison contour, and
Nrepresents the number of control points on the
comparison contour.

Table 1 shows that the results are compared the
manual segmentation with the proposed extraction
method and the active contour model. Table 1 rep-
resents that the result of the proposed extraction
method is almost similar to the manual result.
Therefore, in extracting liver from the abdomen
CT image, the proposed extraction method is ob-

jectively robust and efficient.

Table 1. The results are compared the manual
segmentation with the proposed
extraction method and the active
contour model

Proposed Method Active Contour

Csize p Emms | Csize p Ermns
Fig. 1 1.000 1.012 0.988 |0992 1.024 1813
Fig. 2 1056 1.037 1645|1.073 1.025 2970
Fig. 3 1.040 0890 1.392|0.947 0876 5775
Fig. 4 1010 0960 2.215]0.930 0922 4596
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4. CONCLUSIONS

CAD can be defined as a diagnosis that is made
by a doctor who uses the output from a compu-
terized analysis of medical images as a ‘second
opinion’” in detecting lesions and in making diag—
nigstic decisions[8]. For CAD of liver, we proposed
the extraction procedure of the liver in an abdomi—
nal CT image. To reduce the influence of adjacent
organs, ROI is employed by the conditional
" threshold. As shown in Fig. 7, ROI includes the liv-
er efficiently without other regions. As shown in
Fig. 11., we had the final results of the liver ex-
traction by the proposed procedure. This procedure
will be useful in CAD of liver.
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