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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. 
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إستخلاص أورام الدماغ مه شرائح صور الرويه المغىاطيسي ذات الاتجاي الامامي بواسطة المىحىي 

 الىشط وتقىيات تجزئة مختلفة

 رباب سعدون عبدون

 انعشاق -انذهح -جايعح تاتم -كهٛح انعهٕو -لسى انفٛضٚاء

 

 :الخلاصة

نمذ الرشح انعذٚذ يٍ طشق انرجضئح نًعانجح انصٕس انطثٛح لأغشاض ذشخٛصٛح. فٙ ْزا انعًم اَجضخ يشدهرٍٛ 

نغشض إسرخلاص يُاطك انٕسو نثلاز ششائخ يٍ صٕس انشٍَٛ انًغُاطٛسٙ راخ الاذجاِ الايايٙ. َفزخ خٕاسصيٛح  

نهًشج   T2W_FLAIRنٗ لاسرخلاص انًادج انذياغٛح يٍ صٕس انشٍَٛ انًغُاطٛسٙ راخ انًُظ  انًُذُٙ انُشظ كخطٕج أ

الأنٗ نرجُة انرذاخم يا تٍٛ انمٛى انشيادٚح نًُاطك انٕسو ٔ انجًجًح ٔانًشدهح انثاَٛح ذرضًٍ ذُفٛز أستع ذمُٛاخ ذجضئح 
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نرثاٍٚ تعذ ذمذٚى دساسح ذذهٛهٛح نغشض انذصٕل عهٗ نغشض اسرخلاص يُاطك انٕسو. انرمُٛح الأنٗ إسرخذاو عًهٛح ذعذٚم ا

أَسة يذٖ يسرٕٚاخ سيادٚح نغشض ذٕسٛعٓا. ٔانطشٚمح انثاَٛح ْٙ طشٚمح يطٕسج يسرُذج عهٗ انًُذُٙ انًغهك نغشض 

عضل ٔاسرخلاص يُاطك انٕسو. أيا انطشٚمراٌ انثانثح ٔانشاتعح فًٓا يرٕسطاخ كٙ ٔ يرٕسظ سٙ انًضثة. كًا دسثد 

انسطذٛح ٔانًسادح انسطذٛح انُسثٛح نًُاطك انٕسو انًسرخهصح. ٔلذ تُٛد انُرائج الأداء عانٙ انجٕدج نخٕاسصيٛح  انًسادح

انًُذُٙ انُشظ تعُصش ذشغٛهّ انًطٕس نعضل انًادج انذياغٛح. إٌ يذٖ انًسرٕٚاخ انشيادٚح انًُاسة انز٘ ذٕصم إنّٛ 

انًُذُٙ انًغهك انًمرشدح أظٓشخ عضل ٔإسرخلاص جٛذٍٚ نًُاطك انٕسو. . إضافح انٗ رنك، إٌ َرائج ذمُٛح ]6.0-6.0[ْٕ

إٌ انرمُٛاخ الأستعح انًطثمح كاَد سذٚذج فٙ إسرخلاص يُاطك انٕسو ٔتشكم صذٛخ يٍ دٌٔ ذشاكة يع انجًجًح ٔكًا 

 .كشفد انُرائج عٍ رنك. ٔلذ ذى ذُفٛز ْزا انعًم تالاسرفادج يٍ ذسٓٛلاخ انُظاو انثشيجٙ انًاذلاب

 .انرصٕٚش تانشٍَٛ انًغُاطٛسٙ، أٔساو انذياغ، ذعذٚم انرثاٍٚ، انًُذُٙ انُشظ الكلمات المفتاحية:

 

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 

time to extract brain 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 image. 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]: 

  
1

0
int ))(())(())(( dssvEsvEsvEE conimageSnake

                

where, Eint  is the internal energy 

which results from bending. Eimage is  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). 

 

Fig.(2):Block diagram of the proposed work 

 

Fig.(3):The extracted brain matter of one 

experimental image by implementing active 

contour with dynamic initialization element. 

 

 

Fig.(4): The extracted brain matter of the 

experimental images 

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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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.  

8.2.2 Closed Contour based 

method 

The results of proposed closed 

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
2
/pixel ). The 

values of the calculated area in mm
2 

are 

presented in Table (1). 

Table (1): Calculated surface area of the 

extracted tumor regions by different 

methods 

Image 

Tumor area (mm
2
) 

Contrast 

Adjustment 

Contour 

based 

K-

Means 

Fuzzy 

C-

Mean 

first 2137.5 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 

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. 

Image 

Relative surface area of  the tumor 

regions 

Contrast 

Adjustment 
Contour 

based 

K-

Means 

Fuzzy 

C-

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 

 

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 isolation and 

extraction of tumor regions.  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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