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Abstract: In this study, similarity rates of the liver images which are obtained from different peoples are determined
using 3D geometric transformation methods. The similarity is evaluated based on the numerical comparisons and
visual results. 10 intact liver images which are drawn by the radiologists are used. Three geometric transformation
methods scaling, rotating, and translating are consecutively applied to the liver images. All images are used both as
atlas and as test images. The Dice coefficient values are calculated to show the similarity of each test image to atlas.
The scaling, rotating, and translating amounts of the image are retained for the atlas which the similarity rate is
highest. The liver images of different persons are similar to each other at an average rate of 67 #0.09 % according to
Dice coefficient values which express the similarity. This study is presented as a step to prepare atlas database for

segmentation of the injured liver.
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1. Introduction

In order to determine the immediate operation
necessities and to make the pre-diagnosis of the
pathologic findings to the traumatic patients which are
brought to emergency rooms is very important for
accelerating patient management.

The images that make up the CT (Computed
tomography) visualising method will be the most
accurate detection method. The first and the most
important step is the segmentation of the liver who has
similar grey level values with the neighboring organs
in an accurate manner in order to re-building and the
determination of the injury level. The determination of
the liver borders by hand needs extra expertise and is a
time-consuming job because of the section amount.
For this reason, automatic segmentation becomes
important step in biomedical image processing for
computer aided diagnosis. Lots of methods have been
proposed in order to realise computer aided diagnosis
of intraabdominal organs. In Figure 1, automatic
segmentation [1] of liver and spleen images have been
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utilized by the aid of probabilistic atlas method. 257 BT
images have been compared with liver and spleen images
by the aid of probabilistic atlases and the success of the
proposed method has been evaluated by examining 10 CT
images in which the borders have determined by hand. For
liver and spleen , Dice coefficient of 96.2% and 95.2%,
Tanimato indexes of 92.7% and 91%, volume estimation
error of 2.2 and 3.3, peak estimation error of 2.8 and 1.7,
RMS error of 23 mm and 1.1 mm and mean surface
distance have been obtained as 1.2 mm and 0.7 mm. It has
been stated that the methodology can be utilised in the
routine analysis of normal and enlarged liver/spleen
images’ segmentation. In the second reference, a study has
been presented about the multiplanat fast marching method
which is involved with grey level automatic segmentation.
60 CT images have been used in order to test the
segmentation success. For liver segmentation, an average of
94% and for spleen segmentation, an average of 93%
volume overlap values have been determined as a method
which is a general segmentation method to obtain anatomic
knowledge which is not critical. In the third reference, a
probabilistic model has been proposed for multiple organ
segmentation. The method is aiming to calculate the
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probabilistic equivalents of voxel values. In order to
reduce the calculation complexity and to obtain the
best figure variations, for the optimization of principle
component analysis and forecasting results, iterative
conditional mod-expectation maximization methods
have been utilised. For livers and kidneys, 72 training
sets and 40 testing sets were utilized and metrics were
obtained. With numerical and visual results, it has been
stated that the method is performing roughly for the
abdominal multiple organ segmentation. In reference 4,
a strategic combination for active appearance model,
live wire and graph cuts for 3 dimensional organ
segmentation have been proposed. The method which
is consisting of model formation, object recognition
and qualification steps has been tested on clinical CT
data set for liver, kidney and spleen segmentation. The
metrics which is related to the proposed method has
been compared with different methods in order to
express segmentation success. In reference 5, for the
computer aided diagnosis and laparoscopic surgery
help for the intraabdominal organs, a roughly
automatic segmentation method which depends on
hierarchical atlas records have been proposed.
Manually segmented 150 CT image database have been
utilised in order to test the success of the method.
Consecutively, similarity ratios of 94-93-70-92%
values have been obtained for livers, kidneys and
pancreases. In reference 6, 4 dimensional CT data has
been utilised for the segmentation of intraabdominal
organs by utilising anatomic and physiological
properties of computer aided diagnosis applications
and a similarity ration of 90.5% has been obtained. By
applying algorithm steps, the obtained numerical and
visual results have been evaluated and the effect of
outlook, shape and location data has been expressed.
Methods depending on shape and location information
have been proposed in reference 7, for injured liver and
in reference 8, for injured liver and spleen
segmentation. In  computer aided  diagnosis
applications, for intraabdominal organ segmentation,
the shape, volume and location information has been
utilised often. The damages and density differences
that occur in the organs from traumas effect the
correctness of these information in a negative manner
and change the borders of the segmentation. Selver et
al. have developed a 3 dimensional segmentation
method for the evaluation of donors before the
transplantation by utilising CT images. It has been
proposed that, the method which has been developed
by utilising artificial neural networks, is suitable for the
clinical applications. In CT images, for automatic
multiple organ segmentation, an atlas based method
has been proposed and presented by Wolz et al. Cinar
and Durkaya have proposed an approach for the
picking out of the liver image that depends on the
expansion principal by using MR images. Every
segment has been evaluated separately , the borders of
the liver heas been determined and a 3 dimensional
segmented liver image has been obtained. Campadelli
et al. have proposed a method for the spleen and
kidney segmentation that depends on approach and rule
based system method.
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In this study, the borders of liver for different people’s
CT images have been determined manually and the
anatomical and physiological similarities of the liver in
various people has been expressed by utilising metrics. In
this manner, the studies that will be carried out on the
segmentation of the injured liver images’ segmentation will
have similar border values and by this way, the success in
the segmentation will be improved.

2. Material and Method

2.1. Material

In this study, the CT images of 10 patients has been
utilised. The images for abdomen trauma have been obtained
by using standard protocol. All CT images in portal venous
phase were 3 mm segmented and was composed of 84 and
164 various segments.

In this study, the borders of the liver images that have
been determined by radiologists (T.E. and U.T.) and drawn
by hand were utilised.

2.2. Method

The intraabdominal healthy organs have similar
anatomic and physiological properties in different people.
Geometric conversion methods have been utilised in order
to demonstrate this case numerically. Geometrically, where
the value of the pixel will be moved to is determined. The
coordinate transformation of the image pixels or the
interpolation of the pixel values can be applied as
conversion methods. Image scaling (magnification,
reduction), mirroring, rotating, cropping, shifting methods
can be utilised to change image border in any axis.

In this study, 3 dimensional CT images, which are in
X,y,z axes, have been used with applying scaling, rotating
and translating consecutively.

e Scaling

The scaling of the 3 dimensional object is moving
operation of the 1 pixel value from P(X,y,z) coordinates
value position in Equation (1) to the S conversion matrix
with some defined coefficients to the P’ position. With
scaling operation, pixel coordinates are approaching or
moving away from each other. By this manner, it is aimed
to enlarge or reduce the image in X,z directions
consecutively in Sx, Sy, Sz ratios.

According to the formula stated in Equation (2), the new
coordinates of the pixels can be calculated as in Equation

@)

Sx 0 0 ¢

o Sy o0 g
S=| o 0 S5z 1)

0 0 0 1
P'=SP )]
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P/=Sx Px;
Py=Sy Py, €))
P/=8z Pz,

e Rotation

The value of 3 dimensional objects’ in P(x,y,z)
position and pixel value in the rotation of the axis just
like in Equation (4) is by determining the new
coordinates and obtaining P'(x1, yi1, z1) position. The
images’with the R matrix and 6 angle in Equation (5)
and the rotation around z axis is ending up with P=>P'
conversion. For rotation around x and y axes, assigning
of x1=x ve y1=y is carried out and for the other axes,
the same equalities have been used.

X1= Xcosf-ysinf

yi=xsin#-ycost (4)
Z21=Z
cos@ —sin8 0 g
_| siné cosf 0 ¢
R=l "o 0 1 0 ®)
0 0 0 1

e Translation

Translation is the operation of moving from P( X, v,
z) position to P'(x1, y1, z1) position without changing
the pixel values without changing their values. The
translation operation is being carried out to Equation
(7) with the T conversion matrix stated in Equation (6).
As stated in Equation (8), the pixel value in Pxi, Py,
Pz, position is being shifted in an amount of ty, ty, t,
and is being moved to Py, Py, P;' which is the new
position.

1 0 0 ¢
0 1 0 g
T=| o 0 1 g (6)
t, Ly t: 1
P'=TP @)
Pl=t,+ Pxy
Py=t,+ Pyy (8)
Pl=t+ Pz

In this study, the radiologist manually segmented
the CT images that belongs to different people.
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Figure 1. The algorithm steps of the liver images to calculate the
overlapping amount

The P1 and P, edges have been manually drawn by two
different peoples’ CT images by the experts. Connected
Componenet Analysis has been applied to P; and P2 images
and labelled images have been obtained. P; subimage has
been obtained from original P; image by determining the
border point of the Liver images. Magnification or reducing
operations have been applied on x,y,z axes lying between
0.9 and 1.1, a step size of 0.1 to the P{ image. The obtained
scaled SP{ images’ similarity has been explored with the P
image. RSP;{ is obtained by rotating in (+) and (-)
directions the scaled SP; image is in the interval of -5 and 5
with a change of 5°. The similarity of the final image with
P, has been explored. RSP; image where a rotating
operation has been applied, with a step size of 4 pixels, 16
pixels have been shifted separately on X, y, z axes. The
starting point for shifting operation has been determined for
the border pixels’ starting point at P, image. DC (dice
coefficient) has been calculated as similarity index in every
step. The TRSP{ image which has the highest DC value has
been obtained. Dice coefficient is calculated as follows:

number of true positves (9)

DC=

number of positives + number of false positives



3104 Tugba Palabas TAPKIN | 1U-JEEE Vol. 17(1), (2017), 3101-3106

Tablel. Dice Coefficient, Rotation Angle, Scaling Coefficients in

In Equation (9), number of positives is the total X-axis, y-axis and z-axis
number of the image pixels having intensity of 1.

Number of true positives is the total number of first DC RA | x-Scale | y-Scale | z-Scale
and second images’ of pixels that have intensity of 1. It 05110 11110 1.1]10 11
uses AND operator on first and second images. 00111 11011109111 11
N_umber of falsg p05|_t|ves is the number _of image | Casel 07040 | 5511 11111 11111 11
pixels that have intensity of 1 in second the image but 5011 11111 10|11 11
zero in first the image. Its traditional formula is shown 001111111110 111009
in Equatlgn _(1(_)). _I.l and 12 are the two CT images 50111 10111 10111 1.0
which their similarities are compared. 05111 11110 11109 10
I1,0L| Case 2 06520 |0 009 09|09 11|09 11
L L (10) 0-5{09 11|11 1111 09
1y [+ 112\ | 051111 /0911|1111
00111111 10|11 09
3. Conclusions 0 0[1.0 09|10 09|10 0.9
Case 3 07430 | 50(11 11)11 10|10 11
In this study, by the aid of geometrical 00|11 10|10 09|11 09
transformation methods, the similarity of the liver 00 ({1009 (1109|0910
|ma]g3es has.been exploreq. . . ’ 05111 11109 11111 10
elonging to two different patients’ CT images’, 00109 10l09 1009 10
three different slices have been obtained and have been Case 4 07070 |5 0 1'1 1'1 1'1 1'1 1'1 1'1
presented in Figure 2(a) and 2(b). After the scaling, ' 5 0 1'0 1'1 1'1 1'1 1'1 1'0
rotation and shifting operations that have been carried 50 1'1 1'0 1'1 1'0 0'9 0'9
out with the subimages that have been obtained, three = — = -
different slices presented by the overlapping of the two 5071109111 091109
images have been presented in Figure 2(c). 5511111711 11 /1.0 1.1
Case 5 0.7160 |0 010 09|10 09|10 11
0 0[{09 09|09 09|11 09
00 (0909]0909 0909
50(1109|11 11|11 11
00(211 11|10 1111 112
Case 6 07250 |0 009 10|09 10|11 10
0010 1110 11|09 11
(3) 001111 ]0911|1111
50(1109|11 11|11 11
05111010 11|11 11
Case 7 0.7360 |0 009 10|09 10|11 09
0 0/10 09|10 09|10 09
00 (0909|1109 0909
(b) 0-5{11 11|10 1111 09
0 0[{10 11|09 11|09 1.0
Case 8 0.7450 {0 0|09 11|09 1109 11
0 009 10|09 10|09 10
00 (1011 ]1109 0909
©) 00111111 09|11 11
0 5({10 11|11 11(09 09
Figure 2. (a) R1 original image, (b) Rz original image, (c) the | Case 9 07420 |0 009 11|09 0909 11
overlapping image after the geometric conversion has been 0 009 10|11 11|09 09
applied. 0 0/1010|1009 1009
. . . 05111110 11|09 11
In order to make a numerical evaluation Dice 00l0910/09 10110 09
coefficients have been calculated and shown in the | case10 | 06010 |0 0/09 11109 11109 1.1
second column of Table 1. These values are obtained 00109 11109 0909 09
by calculating the average of DC values for an each 001101010910 |09 1.0

Case. Cases at the first column of Table 1 show the CT
images numbers of the patients. The angle values for
the rotation geometrical operation are shown in the
third column of Table 1. Scaling coefficients in x, y
and z axes are shown in the fourth, fifth and sixth
column of Table 1, respectively.
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Figure 3. Dice coefficient histogram
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Figure 4. Rotation angle histogram

The histogram related to Dice coefficient has been
shown in Figure 3. According to the coefficient
scattering graph, the liver images that belong to
different people (Ci-Cj) show a similarity of
67+0.09%. Figure 4 is showing the scattering of the
angle values for the rotation geometric operation. In
Figures 5(a), Figure 5(b) and Figure 5(c) consecutively,
the operations that have been carried out on X, y, z axes
have been presented
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