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ABSTRACT

In this paper, we present a novel method for image segmentation of the hip joint structure. The
key idea is to transfer the ground truth segmentation from the database to the test image. The
ground truth segmentation of MR images is done by medical experts. The process includes the
top down approach which register the shape of the test image globally and locally with the
database of train images. The goal of top down approach is to find the best train image for each
of the local test image parts. The bottom up approach replaces the local test parts by best train
image parts, and inverse transform the best train image parts to represent a test image by the
mosaic of best train image parts. The ground truth segmentation is transferred from best train
image parts to their corresponding location in the test image.
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1. INTRODUCTION

Image segmentation is an essential topic in the field of the image processing. The segmentation is
to highlight the object of interest in the image. The image segmentation provides the meaningful
information about an object in an image which can be further used in the different application like
face recognition, motion tracking and many more. As in the medical field, image segmentation
plays an important role. The medical image segmentation is still a difficult problem due to poor
contrast, noise and imaging artifacts. In the medical images, sometimes the boundaries of
anatomical parts are not clearly visible. To obtain good segmentation of anatomical parts, various
properties of images should be considered like intensity distribution, prior knowledge of shape.

In this paper, we solve the problem of segmentation of the hip joint structure in the MR images of
the pelvic region of human. The abnormality of shape in the hip joint structure is called
fermoacetublar impingement (FAI). The hip joint structure is the ball and socket joint. The ball is
femur and socket is acetabulum. The abnormal shape of femur and acetabulum causes the lot of
friction. Thus, the result is the damage of cartilage of femur or acetabulum in the hip joint [1] [2].
The FAI can be cured by medical surgery. For the treatment of FAI, medical practitioner
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performs the extraction of the hip joint manually. The boundaries of hip joint give the proper
understanding of abnormality of structure.

Several techniques have been developed for medical image segmentation. The results are not
accurate enough, so medical experts correct the results for medical surgery. In this paper, we
propose the novel method to transfer the ground truth segmentation from the database to the MR
image of another patient. The ground truth segmentation is manual segmentation done by the
medical experts. The algorithm is based on the top down approach to match the test image
globally and locally over the database images in order to find the best train image for each of the
local part of test image. The bottom up approach assembles all the best train parts that are
obtained from top down approach to represent the test image by the collection of train image
parts. The ground truth segmentation is transferred from train image parts to test image at the
respective location.

2. RELATED WORK

The different techniques have been developed for medical image segmentation over the years.
The medical image segmentation has been difficult task due to poor contrast, noise, intensity
variation and not clear understanding of boundaries of the parts in the image. The popular
techniques for image segmentation are based on the intensity of the pixels. The pixel with similar
gray scale values are considered as a region based upon the constraints. The region growing,
merging and splitting methods are region based image segmentation [4]. The region growing
method needs the initial seed point to start segmentation process. The method compares the initial
seed point with other neighbouring pixels to merge into one region. This is an iterative process [4]
[7]. The other techniques, the region merging and splitting are divided into two stages. First, the
region splitting involves the decomposition of the image into a number of regions based on some
criteria. Second part of the process involves the merging of decomposed parts. The merging of
regions is the searching and aggregation process into similar regions [7]. As both methods have
their advantages and disadvantages. As in [14], the region growing and region merging is
combined for the ultrasound medical image segmentation. The combination of different approach
like genetic algorithm, gradient based methods, wavelet processing, morphological methods with
region growing and merging used for better initial condition to start the segmentation of medical
image segmentation [13] [10].

The model based approach uses the prior knowledge for the segmentation of the object. The
approach makes benefit of prior model to get the approximation of the object to be expected in
the image. The top down strategy deform the model to fit with the data in the image. The model
deformation is done by different methods. The active contour techniques so called snake uses
energy minimization technique to deform the model [12]. The method is based on two energy
function, internal and external energy. The internal energy keeps the closer to the prior model and
gives smoothness to the curve. The external energy moves model towards salient features of
image. The total energy is the summation of internal and external energy. The minimization of
total energy results the segmentation of image. There is different version of snakes like gradient
field snake [16], level set approach based on Mumford shah model [17]. The statistical model
based on training set of shape that we want detect in the image. The training set consists of
images of changing shapes that we want to detect in the image. The deformation of the model is
obtained by the statistical properties of large number of shapes in the training set. The methods
use only the shape constraint is called active shape model based segmentation [8] [9] [11] and the
method uses the shape and image information like texture, salient feature is called active
appearance model. The small training set of shapes causes the segmentation problems like holes
in the final segment, over segmentation and many more.
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In the field of medical image analysis, the object recognition and boundary detection of the organ
in a medical image is very important to delineate their shape. For a proper segmentation, it is
important to segment the local and global parts of the object. The top down approach gives a
global detection and bottom up approach start from a low level and the results the object shape.
Both the approach has their own importance, without the global detection, it is difficult to get
proper local structural information. The prior model is used for searching the object in the image.
The model is transformed to find similarity with objects in the image [3] [15]. After the global
detection, the local structure matching is important to get acceptable segmentation. As in [6], the
local part based template matching is used for human detection and segmentation.

The medical image segmentation is obtained from existing algorithms still corrected by the expert
people. We develop the novel method to transfer the expert people segmentation by the shape
matching algorithm based on the hausdorff distance to extract the boundaries of hip joint structure
in the MR image of the pelvic region.

3. METHODOLOGY
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Figure 1: Workflow of the system

The method is the top down approach for shape matching based on the hausdorff distance of test
image with train images and bottom up strategy to represent the test image from the collection of
best train image parts. So, the ground truth segmentation can be transferred to test image.

3.1. Hausdorff distance

The hausdorff distance is the metric to measure the degree of mismatch between two shapes of
images. The hausdorff distance is max-min distance between the two sets of points. To calculate
the distance between two images, the boundaries are extracted from both test and train image. The
edge image represents the set of points for test and train image. Given a test image A and train
image B, the hausdorff distance is defined as

H(A,B) = max(h(A, B],h(ﬁ,}l)l
Where
h(A, B) = max,. yminy glla—bll .

The h (A,B) is the directed Hausdorff distance. It is defined as by considering every point of A,
calculating the distance from that point to the closest point of B and evaluate the maximum
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among them [3]. The hausdorff distance is sensitive to the noise and outliers. The hausdorff
distance is modified to fix this problem. The parts of shapes are compared. The directed partial
hausdorff distance is defined as

_ prth .
hy = Kgea g;lgnlla— bl

th
Where Kaea denotes the Kth ranked value among the measured distances. The every point of A,

calculate the distance from that point to the closest point of B and then points of B are sorted
according to their distances and the Kth value will indicate the K of the model point of A is within
the distance of d with some points of A.

The partial hausdorff distance gives bad results with corrupted data; we need more a robust
measure to solve the problem with corrupted data. The least trimmed square (LTS-HD) hausdorff
distance is robust measure. It is defined by the linear combination of order statistics. LTS
hausdorff distance is defined as

&
1
hyrs(A, B) = EZmiﬂlla — bl (D)
=0

Where k is K=f.N, the N is the number of points in the chunk of A. We used LTS-HD as a
similarity metric to detect test image model in the database of train images [5].

3.2. Simulated annealing optimization

The simulated annealing is the search algorithm which finds the optimal solution in the search
space. It is based on the probabilistic method to find the global optimum solution of the function
in the given search space. The algorithm is influenced by the annealing process of the metal in the
thermodynamics. The annealing process heats up the metal at high temperature to excite the
molecules of the metal. At high temperature, it is possible to change the structure of the metal.
The metal undergoes through the cooling process to obtain new physical structure. The
temperature is reduced gradually to obtain the desired structure of the metal. The temperature is
kept as a variable to simulate the heating and cooling process. The initial temperature and random
solution are important parameters to start the algorithm [3]. When the algorithm is at high
temperature, it will accept the more solution. This step will avoid the local optimum solution as it
comes along the path of finding a global optimum solution. The temperature of the system is
reduced gradually to work on the limited solution. The system can accept a worse solution, so
algorithm concentrate on the search area where we can find the global optimum solution. The
major advantage of the simulated annealing is not stuck in the local optima but search for the
global optimum solution.

In our system, we have used the simulated annealing optimization to minimize the LTS hausdorff
distance to detect the test image model in the train image dataset. The initial and final temperature
is very important parameter to obtain desired solution.

3.3. Database of MR images

The segmentation of MR images is divided into three categories.1) Automatic 2) semi automatic
3) manual segmentation. The automatic segmentation is based on the intensity of the pixels in the
image. The semi automatic segmentation needs human intervention to select the region of interest
for segmentation. The human can recognize the boundaries and shape of the object of interest
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more accurately than the computer algorithm [1]. The manual segmentation is most accurate
segmentation among all of them. We created a knowledge base of ground truth segmentation of
MR images of hip joint structure. The MR images are segmented manually by the medical
experts. The MR images are collected with their ground truth segmentation and then stored in the
database. We used the database images knowledge to segment the MR image of other patients.
The database images are named as train images. The knowledge ;base consists of 20 images.

4. TOP DOWN AND BOTTOM UP APPROACH

4.1. Global detection of test image

The main objective of top down approach is to detect global and local structure of the test image
in the train images. In the hausdorff distance based shape matching is used for detection of the
test image in a train image. The canny edge detection algorithm is used for the extraction of
boundaries of both test and train images. Given a test image M and train image I; , I, .....I,, the
objective of shape matching is to obtain a transformation 7 to find similarity by the minimization
of hausdorff distance as the similarity metric. The affine transformation maps the point in one
plane to the other. The affine transformation parameter is scaling, rotation and translation. Let p=
(x, y) represents the point of test image, then the transformation is defined as

[3‘52]: cosfd sinﬁ'] [xi] [xz]: [x1]+ [tx]
¥a —sind cosfl Y1l ¥ Y1 Ly

F1=[5 SIB]

Where S, and S, are the scaling parameters in x and y direction. The translation parameters are f,
and £, in x and y direction and the rotation parameter either in a clockwise or anticlockwise
direction. The transformed point (x, y,) is close to the train image points. The simulated annealing
search for best possible transformation in the given search space to minimize hausdorff distance
to make test image more similar to the train image. The test image is registered with all the train
images in the database. Then each of the registration gives the hausdorff distance and affine
transformation parameters. The train images are sorted in the ascending order according to the
hausdorff distance, half of the train images are selected from database for further processing. So,
out of the 20 images only 10 images are selected.

4.2. Hierarchical tree based local part registration

As in the previous section, the train images are selected with their respective transformation
parameters. The scaling and rotation is used for the transformation of the test image. Thus, the
total number of transformed images is ten. Each of the transformed test images is decomposed
into four parts as shown in figure 2. The hierarchical tree is constructed by placing decomposed
parts into tree as shown in figure 2. The tree has three levels denoted by L;, i= 0, 1, 2. Each level
has transformed test image and decomposed for the next level like level O (L) which has only
transformed test image. At each level, the local parts are registered with the selected train images.
The train image is again sorted in ascending order according to the hausdorff distance obtain in
registration process of local parts. The transformed test parts at the level 1 (L1) are denoted as
Part 1, Part 2, Part 3, Part 4. Each of the tree nodes consists of 10 local parts. For example, Part_1
has 10 images and each of the Part_1 is registered with selected train image. The train images are
sorted according to the hausdorff distance and first half of the train images are selected for their
respective test image parts. For Part_1, the Iy, I3, 114, I}5, I 15 is selected for next level registration.
The transformation obtained in L, is used for next level registration.
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The level 2 has 80 local parts. Each of the parts of level 1 is transformed and decomposed into
four parts for the next level. The level 2 parts are represented as Part j_k. The j represents parts of
level 1 and k represent the decomposition of level 1 part into level 2.So, Part 1_2 means Partl of
levell is decomposed into four parts and it is the second decomposition of Part 1 of level 1.At
level 2 (L,) , the decomposed parts are registered with selected train images. For L,, rotation and
translation is used as transformation parameter for local part registration based on hausdorff
distance. The train images for L, are sorted in ascending order according their respective
hausdorff distance. The train image with lowest hausdorff distance is selected with their
transformation as a best train image for its corresponding test image local part at level 2. Finally,
each of the local part of level 2 are transformed and matched with their best train image. So, there
are 16 local parts with their 16 best train images. We stop the decomposition of test image parts at
level 2.

Level2

Figure 2: Top down approach of shape matching

4.3. Bottom up approach

The bottom up approach aggregates all best train image parts, and represent the test image from
the collection of best train image parts. As in the previous section, each of the local part has their
corresponding best train image. For each of the local part of test images, train image part is
cropped to the same size of test image local parts at L,. The local test image parts of L, are
replaced by the corresponding train image part. The transformation obtained after the level 2 local
part registrations is inversed and applied to the best train image part. The level 2 consists of best
train image parts which are transformed inversely. The inverse scaling parameters are 1/S; and
1/Sy in x and y direction. The inverse rotation is negative of angle of rotation; if the top down
parameter is clock wise then inverse rotation is anti-clockwise. The —t, and t, is the inverse
translation in x and y direction. As we climb up the tree, at every level, we merge the best train
parts into one region and as we can see in the figure 3, the final image is the mosaic of best train
image parts.

The test image is symbolized by the collection of best train image parts. The database consists of
ground truth of these train images. The ground truth segmentation from the train image parts of
the test image to their corresponding location. Finally, the segmentation of test image is the
collection of the ground truth segmentation of train images.
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Figure 3: Bottom a test image to represent test image by the train image parts

5. EXPERIMENTAL RESULTS

The database consists of 20 MR images of size 256 x 256 of hip joint structure with their ground
truth segmentation. The size of test image is 155 x 123. The canny edge detector is used for
extraction of boundaries of test and train images. The threshold and sigma are 0.545 and 4 for the
canny edge detector. The simulated annealing initial temperature parameter is 100. The affine
transformation parameter for global detection is 0.863<5,<0.982 and 0.79<S,<0.97 as a scaling
parameter in X and y direction. The rotation parameter is from -10 to 10 and translation parameter
is 0<t,<400 and 0<t,<400 in x and y direction.

() (b) (©

Figure 4: (a) Test image (b) MR image database and (c) Transformed test image.
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(a) (b)

Figure 6: (a) Decomposed test parts at level one and (b) Local part registration.

(b)

Figure 7: (a) shows local parts at level two and (b) shows its registration with train images.
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Figure 8: The segmentation of test image from ground truth data

6. CONCLUSIONS

We have proposed the novel method of image segmentation of hip joint structure in MR image.
The method is to transfer ground truth segmentation from the train image database to the test
image. The train image database consists of MR images of hip joint structure with their ground
truth segmentation. The ground truth segmentation is done by medical experts. The method based
on the top down approach to register test image globally and locally with the train images. The
top down approach uses the hausdorff distance based shape registration algorithm. The objective
of the top down approach is to find the best train image for each of the local test image parts. The
bottom up approach uses the inverse transformation to match best train image parts with the
original test image and the test image is represented by the mosaic of best train image parts. The
ground truth segmentation from train image parts to their respective location of test image.

REFERENCES

(1]

(2]
(3]
(4]
(51

(6]

[71

(8]
[91

[10]

Chavez-Aragon A., Won-sook Lee & Vyas A., (2013) “A crowdsourcing web platform-hip joint
segmentation by non-expert contributor”, IEEE International symposium on medical measurement
and application proceedings, pp 30-354.

S. Wisniewski, G.B., (2006) “Femoroacetabular impingement: An overlooked cause of hip joint”,
American Journal of Physical Medicine and Rehabilitation, No.85, pp 546-549.

Rucklidge W.J., (1997) “Efficiently locating objects using hausdoff distance”, International journal of
computer vision, Vol.24, pp 251-270.

Priyadarshi, S.Selvathi, D., (2007) “Survey on segmentation of liver from CT images”, IEEE
conference on advanced communication control and computing technologies, pp 1408-1421

Jian-xin Knag, Nai-ming Qi, Jian-Hou, (2010) “A hybrid method combining hausdorff distance,
genetic algorithm and simulated annealing algorithm for image matching”, IEEE conference on
computer modelling and simulation, pp 435-439.

Zhe Lin, Davis L.S., (2010) “Shape-based human detection and segmentation via hierarchical part-
template matching”, IEEE transaction on pattern analysis and machine intelligence, Vol.32, pp 604-
618

Ansari M.A., Anand R.S., (2007) “Region based segmentation and image analysis with application to
medical imaging”, International conference on Information and communication technology in
Electrical Sciences, pp 724-729.

Inamdar R.S., Ramdasi D.S., (2013) “Active appreance model for segmentation of cardiac MRI data”,
International conference on Communication and Signal Processing, pp 96-100.

Kainmueller D, Lamecker H., Zachow S., Hege HC,(2009) “ An articulated statistical shape model for
hip joint segmentation”, International conference of the IEEE EMBS.

Angelina S., Suresh L.P.,Veni S.H.K., (2012) “Image segmentation based on genetic algorithm for
region growth and region merging”, International conference on computing, electronics and electrical
technologies, pp 970-974.



126
(11]

(12]

[13]

[14]

[15]

[16]

[17]

Computer Science & Information Technology (CS & IT)

Ying Xia, Chandra S., Salvado O., Fripp J.,(2011) “Automated MR hip bone segmentation”,
International conference on digital image computing techniques and applications, pp 25-30.

J.M. Pardo, D Cabello, J Heras, (1997) “A snake for model based segmentation of biomedical
images”, Elsevier Pattern Recognition Letters, Vol. 18, pp 1529-1538.

Vasilache S., van Najarian K., (2009) “A unified method based on wavelet filtering and active
contour models for segmentation of pelvic CT images”, International conference on complex medical
engineering, pp 1-5.

Hui Guan, De-yu Li, Jiang-1i Lin, Tian-Fu Wang, (2007) “Segmentation of ultrasound medical image
using a hybrid method”, IEEE international conference on complex medical engineering, pp 644-647.

Jian-Wei Zhang, Guo-Qiang Han, Yan Wo, (2005) “ Image registration based on generalized and
mean hausdorff distance”, International conference on machine learning and cybernetics, Vol. 8, pp
5117-5121.

Kazerooni A.F., Ahmadian A., Serej N.D., Rad H.S.,Saberi H., Yousefi H., Farnia P.,(2011)
“Segmentation of brain tumors in MRI images using multi-scale gradient vector flow”, IEEE
International conference of engineering in medicine and biology society, pp 7973-7976.

Li-jun Zhang, Xaio-juan Wu, Zan Sheng, (2006) “A fast image segmentation approach based on level
set method”, International conference on signal processing, Vol. 2.



