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Abstract:

Many segmentation methods were proposed to process medical images for diagnosis
purposes. In this work, two stages were achieved to extract tumor region of three MRI sliced
brain images of coronal orientation. Active contour algorithm was implemented as first step to
extract brain matter of T2W_FLAIR modality MRI images for the first time to avoid
interference of tumor gray values with skull. The second stage involved implementing four
segmentation techniques to extract tumor regions. First technique was utilizing contrast
adjustment process after presenting analysis study of this operation to select an adequate gray
level range to be stretched. Second method is an adaptive technique, which is contour based
method, to isolate and extract tumor regions. The third and fourth methods were K-Means
and FCM. The surface and relative surface area of the extracted tumor regions were
calculated. The results of extracting brain matter proved high quality performance of active
contour algorithm with its adaptive initialization element. The adequate gray level range that
deduced from the proposed analysis of contrast adjusting process is [0.6 0.7]. In addition, the
results of the proposed contour based technique present good isolation and extraction of
tumor regions. The four implemented techniques are adequate to extract tumor regions
correctly without overlapping with skull as declared from the results. This work was
implemented by utilizing the facilities of Mat lab programing system.

Keywords: MRI; Brain tumor; Contrast adjusting; Active contour.

(riniall Do) gs ala¥) olad¥) Cild pdaliall (il g gl pdi (o ELadll al ) ) (aDA)
daliaa 45 Jas cliEs g adil

Q9% (gt by

Bl AN sl —p bl A0S ol

-duadAl)
Ol e 333l Janll 138 (8 Al Gl 28 Aplll ) suall dallaad &0 G5k o el B i
Al d G el olad) iy puphalinall Gl e e il GO Ll Blalie padlAtL] = Al
el T2W_FLAIR Laadll culd sslaliaall (pi 5l ) sem (e e Lol 3ol Aty 151 5 shad Lail) iaiall
45503 L g S48 (a0 Al a5 50 lalial sl il s Lo SRS a5

_45_



JOURNAL OF KUFA - PHYSICS, Vol.8 /No.2 (2016)

e Jsanll (m ad Adas Gl 50 apal aay Gl aaed dlee aladi] oW1 4@l o)l (Blalie (adlain) (a jal
oAl Gl el e 3aiie b shae Ayl 4 Al Al s e s g al dple) Sl sie (520 ol
Gua LS il o Jasigia 5 (S Silla gia Legh dagl 5 2N Gkl Wl o)) 3llie padlainl 5 J e
La ol sad sl e elaY) il caig 35 Aaliiua) a6l Shiid 4l akaud) dalidl s Ladand) daludll
Al Jia s A il Zale il il siaall sae () Aelaall salall J3al ) shaall alils jeaiey Jadil) sl
sl 3l Gaua (At s JJe Cjelal A el Gl iniall 46 il o) elld ) ddla) [+ V-0 1] 5
LS5 dananll qa 815 (950 (o granaa JSiug ol (3halie (adlain) A aan <l dlidaal) day Y1 il ()

UL el Uil E3lhgad (e 3ALEELYL Jaadl 138 2855 25 38 5 D e il CidlS

Anzall iniall el Jaamd o Ladll ol ) sf o pusalalinal) (i Ly gearill el cibalSl)

1. Introduction

Magnetic Resonance Imaging (MRI),
is one of the most important examining
medical techniques to investigate the
physiological structures of the body
especially the soft tissues as brain matter.
One of more life threatening problems is
brain tumor, so ease; fast and accurate
isolating of the tumor regions is an urgent
task needed to save patients life. Many
medical image processing methods are
presented by researchers to achieve this
job. Some of these methods are
thresholding based technique, boundary
(contour) based technique, region based
technique and combination of the last two
methods [1].

In this work, active contour
algorithm is implemented as boundary
based technique to segment the adopted
MRI of brain. There are three orientations
of MRI sliced images, which are: axial,
sagittal and coronal [2]. Coronal
orientation images are selected to achieve
the goal of this study. Active contour was
implemented to extract brain matter in
MRI sliced images of T2-weighted axial
orientation for the first time in our previous
work [3] and in the present work, active
contour algorithm is utilized for the first
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time to extract Dbrain matter in
T2W_FLAIR MRI of coronal orientation
images as a first step to avoid interference
between the intensity values of the skull
and the tumor regions. After that
implementing three segmentation
techniques on the resultant brain matter
images to extract the tumor regions as a
second step. The adapted initialization
element of Active contour algorithm was
created for the first time to be dynamic
with the image. An analysis study of one of
the enhancement techniques which is
contrast adjusting is proposed to fulfill
good isolating of the tumor regions.
Besides, K-Means and Fuzzy C-Mean
methods are proposed to segment and
extract the tumor regions only from the
adopted images.

2. Active Contour

Active contour was firstly proposed
by Kass et. al. [4, 5]. It defines interfaces
on the image domain. It moves according
to internal and external forces. These
forces are derived from the characteristics
of the 1image. The internal forces
incorporate regularizing constraints which
give the contour its tension and stiffness,
while the external forces are defined as the
gradient of the gray-level of the image [4].
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Active contour is represented by a vector,
v(s), which contains all of the n points of
the contour that called also a snake. The
net functional energy of this snake can be
expressed as [4]:

ESnake = _E[Eint (V(S)) + Eimage(v(s)) + Econ (V(S))}js

where, Ej,; is the internal energy
which results from bending. Ejmage i the
image forces that pushing the snake toward
the features of the image like edges, and
Econ is the external constraints which are
responsible for putting the snake near the
desired local minimum. For more details
about each of these terms see [1]. Many
researchers  applied active  contour
algorithm and its modifications, to isolate
region of interest, like: [6-10].

3. Contrast Adjustment

Contrast adjusting is one procedure
of many involved in enhancement
techniques to improve the appearance of
images to make them suitable for a specific
purpose. To know more about this
technique see [1, 11].

4. Contour Based Segmentation Method

This adaptive technique is proposed
for the first time to detect and isolate tumor
region within MRI brain images of coronal
orientation. The theoretical base of this
technique is found in [1].

5. K-Means Segmentation Method

K-Means is a clustering algorithm
implemented to segment digital images by
partition data into certain number of
clusters [12]. It is an iterative algorithm
that is utilized to split an image into ‘k’
segments or clusters, and the number of
clusters must be fixed priority. For more
details of the followed procedure of this
method see [1] as an example.

6. Fuzzy C-Mean Segmentation Method

Fuzzy C-Mean, FCM is a clustering
algorithm too but it is of soft scheme. It
owns robust characteristics for ambiguity.
The data patterns in FCM algorithm may
belong to many clusters, with different
values of membership grade. The
membership grade of processed data to
some cluster indicates the similarity
between the data pattern and this cluster
[3]. For more details about this algorithm
see [13].

7. Experimental Data

The experimental data of this work
are three MRI sliced brain images of
coronal orientation for a patient suffers
from malignant brain tumor. These images
are of T2W_FLAIR modality with a matrix
of 256 rows and 256 columns. Fig.(1)
shows these images, after removing the
background, the white areas represent the
tumor regions.

Fig.(1): The coronal orientation MRI
adopted images

8. Implemented Methodologies and
Results

In this work, two main steps were
applied: firstly, the brain matter was
extracted then three different methods were
implemented to extract the tumor regions.
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The procedure of this work is summarized
in the block diagram of Fig.(2).

8.1. Active Contour to Extract
Brain Matter

In this step, active contour algorithm
was implemented on coronal MRI of brain
to extract the brain matter only. In this
study, the utilized initialization element of
active contour algorithm was created for
the first time to be dynamic with the image
and with iterations ranged from 1250 to
2500. Fig.(3) demonstrates the steps of
extracting the brain matter from the skull
for one image as a sample. The resultant
extracted brain matter of the experimental
images are presented in Fig.(4).

Input MRI
Coronal
Image

Extracting
Brain Matter

v

Contrast
Adjustment

v

Closed Contour

Based

Extracting
Tumor Regions

v

Calculating
Surface and
Relative Surface

v

K-Means

v

Fuzzy C-Mean
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Fig.(2):Block diagram of the proposed work
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Fig.(3): The extracted brain matter of one
experimental image by implementing active
contour with dynamic initialization element.
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Fig.(4): The extracted brain matter of the
experimental images
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8.2. Extraction of Tumor Regions

In this step three methods were
implemented to segment and extract the
tumor regions.

8.2.1 Contrast Adjustment Method

In this method, the range of gray
levels of the tumor region was emphasized
by applying many steps depending on
contrast adjustment process followed by
thresholding process. Contrast adjustment
process was applied here to stretch the
range of gray levels of the brain matter
image from some range to be in the range
[0 1] to perform extracting tumor regions
only. To analyze the performance of this
operation. Many image ranges: [0.2 0.7];
[0.3 0.7]; [0.4 0.7] and [0.5 0.7] were
stretched to be in [0 1] range, and the
results of this process are presented in

Fig.(5).
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8.2.2 Closed Contour based
method
The results of proposed closed

Fig.(5): Results of the analysis study of
Contrast adjustment process for the three
images from first to last line respectively
(tumor regions in brown).

It is clear from inspecting of Fig.(5)
that, the tumor regions are refined from
other brain tissues step by step depending
on the selected gray level range of the
brain matter images. The last and adequate
selective range of this analysis study was
[0.6 0.7] and the results of this process are
demonstrated in the first line of Fig.(6).
After contrast adjustment process of this
adopted range, thresholding process was
implemented. The adopted threshold value
is depending on the processed image
intensity.

Fig.(6): Results of Contrast adjustment
method

The images in first line of Fig.(6)
present the highlighted tumor regions gray
values (in brown) within the brain matter
and the images of second line represent the
corresponding extracted tumor regions of
the three images respectively.

— 49—

contours based segmentation method, with
two number selected close contours, to
segment the adopted images are
demonstrated in Fig.(7).

Fig.(7): Closed Contour based segmentation
results, (tumor regions are in brown)

First row in Fig.(7) represents the
contour map of brain matter images after
adopting number of contours equals two,
contours of brown color belong to tumor
regions. The second row shows the images
of filled area of the brain matter and tumor
regions, brown areas represent tumor
regions. It is clear from the figure that, this
technique has good ability for isolating and
extracting tumor regions.

8.2.3 K-Means Method

K-Means method, with four clusters,
was implemented on the resultant brain
matter images and the results are in Fig.(8).

Fig.(8): Results of K-Means method
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In Fig.(8), first line of images
represents the brain matter segmented
images and the images of second line
represent the extracted tumor regions.

8.2.4 Fuzzy C-Mean Method

Fuzzy C-Mean algorithm of four
clusters was applied on the brain matter
images that are deduced from first step to
cluster these images and extract the tumor
regions only. Fig.(9) presents the results

Fig.(9): Results of Fuzzy C-Means algorithm

The first line of images in Fig.(9)
represents the brain matter clustered
images and the second one shows the
extracted tumor regions.

The surface area of the extracted
tumor regions by implementing the
proposed methods were calculated
depending on the spatial resolution of the
experimental images (which equals
0.8984375 x 0.8984375 mm?/pixel ). The
values of the calculated area in mm? are
presented in Table (1).

Table (1): Calculated surface area of the
extracted tumor regions by different

of the experimental images were calculated
depending on the extracted brain matter by
implementing active contour algorithm and
their values are: 15512, 16198 and 18845
in pixels for the three images respectively.
Fig.(10) shows the extracted brain matter
mask of the images and Table (2) presents
the relative surface area of the extracted
tumor regions. From Table (1) and (2), it is
clear that, there is an agreement of
calculated area by contrast adjusting, K-
Means and FCM, but the results of closed
contour based method is less than them due
to the neglecting of this technique to the
very small portions of the fragments of
tumor regions.

Table (2): Relative surface area of the
extracted tumor regions.
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Relative surface area of the tumor
regions
Image Contrast Contour K- FUCZ_Zy
Adjustment | based | Means

Mean

first 0.1707 0.1534 | 0.1606 | 0.1587
second 0.1435 0.1252 | 0.1424 | 0.1396
third 0.1194 0.0979 | 0.1308 | 0.1292

methods

Tumor area (mm?)
Image Contrast | Contour K- Flg_zy

Adjustment based Means
Mean
first 21375 1920.3 | 2011.5 | 1986.5
second 1875.9 1637.0 | 1861.4 | 1825.1
third 1816.2 1488.5 | 1988.9 | 1965.5

The relative surface area of the
extracted tumor regions was calculated
depending on the surface area of the brain
matter. The surface area of the brain matter

—-50-

Fig.(10): Extracted brain matter mask of
the experimental images

9. Conclusions

In this study, an adaptive
initialization element of active contour
algorithm is proposed to extract the brain
matter of MRI sliced images of coronal
orientation for the first time. The results of
extracting brain matter proved high quality
performance of active contour algorithm
with its adaptive initialization element. The
adequate gray level range that deduced
from the proposed analysis of contrast
adjusting process is [0.6 0.7]. In addition,
the results of the proposed contour based
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technique present good
extraction of tumor regions.

isolation and
The four

implemented techniques are adequate to
isolate tumor regions correctly without
overlapping with skull as shown from the
results, and the values of calculated surface

area and relative surface area

for the

proposed methods are of good agreement.
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