Proceedings of 11th Global Engineering, Science and Technology Conference
18 - 19 December, 2015, BIAM Foundation, Dhaka, Bangladesh
ISBN: 978-1-922069-92-4

Tumor Stages Detection in Brain MRI Image using Template
based K-means and Fuzzy C-means Clustering Algorithm
Rasel Ahmmed1 and Md. Foisal Hossain2
In this research work, we have demonstrated a robust method integrating Template
based K-means and modified Fuzzy C-means (TKFCM) clustering algorithm
incorporated with binary image region properties. This method reduces the
inadequacy of human perception for the brain Magnetic Resonance Imaging (MRI)
images by the automatic detection of tumor stages based on the tumor area. Firstly,
proper segmentation is accomplished based on template selection on the basis of
gray level intensity in K-means. The updated membership through automatic clusters
and features selection is performed in modified fuzzy c-means (FCM) clustering
algorithm. Afterwards, the linearization of membership image from TKFCM provides
fruitful region properties like area, eccentricity, perimeters etc. to brain tumor. The
tumor image affords characteristic parameters, which is compared to the standard
tumor area and automatically recognized the different tumor categories and stages.
The results show that one of the tumors is benign and some are malignant with
several stages. This method will manipulate experts with identified tumor stages to
apply different techniques in further treatment.
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I. INTRODUCTION
Brain is the main portion of our body, where the memory, emotion, speech, and control
of whole body are centered. Therefore, the presence of tumor in the brain causes
problem for the malfunction of the body, even for the muscle and eyebrow movement.
The tumor can paralyze the major areas of brain which is shown in Fig. 1. Among several
imaging techniques magnetic resonance imaging (MRI) is gold accepted truthful
modality. In MRI technique, brain is imaged on the basis of density of water in soft tissue
which is higher compared to other tissues such as bone [1]. Due to the inhomogeneity
of brain structure their contrast value differs randomly in MRI, so the proper detection of
tumor or tumor size is quite difficult [2].
There are two categories of brain tumor like- (a) Benign and (b) Malignant [3]. The first
one behaves like a normal tissue which does not spread. But the last one has four
stages such as- i) stage I- tissue area is like normal tumor which just congested in an
area, ii) stage II- tumor with or without lymph node but not enough spreading, iii)
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stage III- tumor fixed or spread enough above collarbone, and iv) stage IV- tumors are
spread to other parts (metastasis) of body [4].

This spreading tumor causes a hilarious abnormality throughout the body. That is why,
proper detection of brain tumor and tumor size with different properties is quite essential
for observing the stages of tumor. It helps the experts for further treatment process.

There are some research works in [5-11] used techniques like region growing,
thresholding, classifiers, Artificial Neural Networking (ANN), and clustering for
segmentation. Based on these aforementioned techniques we can detect only brain
tumor. The separation of objects from background is quite difficult for that tissue whose
intensity is alike background, is the main drawback of thresholding [8]. The applications
of the Expectation Maximization (EM) algorithm to brain MR image segmentation and
a common disadvantage of EM algorithms is reported in [9]. In the region growing
method, the primary limitation is its seed point finding through manual interaction [1011]. Furthermore, some works describes only for tumor classification in [12-15]. Due to
having several limitations, aforesaid individual method cannot be used properly to
detect tumor as well as its stages. Since it is foremost requirement of medical science
is to detect tumor size and its stage, it is obligatory to segment proper tumor. As a
result, there arises demand of an appropriate method which can be able to segment
and detect actual tumor size, simultaneously.
Figure 1: The major areas of brain

In this paper, we have proposed a different technique for tumor size and stages
classification from brain MRI image, integrating template based k-means and modified
FCM (TKFCM) with some measurement properties in tumor region. This paper
describes that, template based k-means extension has applied for the segmentation of
tumor based on their gray level intensity. In addition with, FCM algorithm has developed
depending on the behavior and number of membership inputs and outputs based on
the cluster number and size. Furthermore, the area of the tumor differs from each other,
which enable us to make a decision about tumor stages based on the other properties
of tumor like eccentricity, perimeters, and bounding box. Comparing these values with
the standard tumor area value, we have defined the various tumor stages.

This paper is organized as follows, in section II conventional k-means and fuzzy cmeans algorithm is present, the proposed algorithm describes step by step in section
III, finally the results and conclusion is shown throughout section IV & V respectively.
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II. K-MEANS AND FUZZY C-MEANS ALGORITHM
A.K-means algorithm
Historically, the K-mean clustering is normally introduced to group a set of data points
{x1, x2,……,xN} into K clusters [15]. It has high computational efficiency and can support
multidimensional vectors. So it reduces the distortion measurement by minimizing a
cost function as:
N K
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n 1 k 1

1

if k=arg mina || x n  ca ||2 , a=1,....k

0

Otherwise

bnk  

ck 

1
Nk

x

xCk

Where, || . || measures distance from the center. The center and number of data points
in the cluster Ck is represented by the variables ck and Nk, respectively.

B.Fuzzy C-means Algorithm
Historically, the FCM clustering algorithm, introduced by Bezdek, is an improvement
of earlier clustering methods [16]. It is based on minimizing an objective function, with
respect to fuzzy membership, and set U, of cluster centroids V:
Jm (U,V ) 
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In (2), X={x1,x2,…xj,….xN} is a P  N data matrix, where P represents the dimension of
each xj ‘feature’ vectors and N represents the number of feature vectors (pixel
numbers in the image). C is the number of clusters. Uij  U(P  N  C ) is the membership
function of vector xj to the ith cluster, which satisfies
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V={v1, v2, ….vi,….vc} which is a P  C matrix which denotes the cluster feature center.
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m  (1,  ) is a weighting exponent on each fuzzy membership, which controls the degree

of fuzziness d2(xj,vi) and that is a measurement of similarity between xj and vi:
d 2 ( x j ,v i ) || x j  v i ||2

(5)
||.|| can be defined as either a straightforward Euclidean distance or its generalization
such as Mahalanobis distance [16]. The feature vector X in MR image represents the
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pixel intensity P=l. The FCM algorithm iteratively optimizes Jm(U,V) with the continuous
update of U and V, until || Uij( l )  Uij( l 1) ||  ,  {0 to 1} , where l is the number of iterations.

III. PROPOSED ALGORITHM
Firstly, we have taken an MRI image from our database which we have made through
the brain MRI images collected from [18-20]. This image is incorporated with tumor
finding with MRI technique. The k-means algorithm is used to segment this MRI
images on the basis of gray level. This gray level is selected depending on the temper
of the image. Then the modified fuzzy c-means algorithm which depends on the
updated membership is applied to segment the template based k-means segmented
image. The membership of modified fuzzy c-means is updated with the cluster
distances from centroid defining by the features of the tumor MRI image.

Template based k-means and modified fuzzy c-means clustering algorithm which is
used for segmentation of the brain MRI images can be written in equation as below:
K C
R C
m
(6)
Jmn  B( xi , y j )   Pij || xi  c j ||2  Uij  d 2  x j ,v i 
i 1 j 1

j 1 i 1

Where, Pij, a binary image matrix. The centroid of the cluster, number of data points in
clusters and number of cluster is defined by R, K and C respectively. In eqn. (6) the
last portion is defined as modified fuzzy c-means whose Euclidian distance is
depended on the image features. The middle portion is used as the conventional kmeans algorithm, which is defined by the distance from each point to cluster center.
Here, B(xi ,yj) is the coarse image which is marked in describing desired template could
be found through below eqn. (7):
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Template based window is selected by Tmn which is given as:
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In this eqn. (8), there is an temper based image matrix with number of gray level
intensity, G and number of bins, S which is used to detect the temper of the image P(xi
,yj). Here the convolution of temper based image matrix and image cause of obtaining
the template for the k-means algorithm.

m

In the fuzzy C-means, U ij is the membership function whose value updated with
Euclidian distance d(x, v) which relies on the image features F= {F1, F2, ….., FC},
degree of fuzziness m, and feature center V={v1,v2,….vi,……vC} is expressed as:
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In the previous research works, this Euclidian distance is depended upon only one
features for example similarity [18], but in our proposed method this relies on features
like contrast, homogeneity, entropy etc.

Clusters center from where the clusters position and tumor are detected can be
defined as:
N
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We have extracted the following five features for the classifier as:
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From the convolution between level of thresholding, Lth and updated membership
function we get the binary black and white image,
M

N

BW   (Uij( l )  Lth )

(11)

i 1 j 1

Then applying region properties algorithm to BW, our desired parameters are
obtained.

The TKFCM algorithm can be summarized as follow:
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1.

Define number of gray level and determine square matrix, A   P ( xk , y l )
and image matrix, P   P ( xi , y j )

2.
3.
4.

Initialize template, Tmn  P  A
Determine coarse image, B(xi,yj) from template, Tmn
Reshape
template
based
k-means
K

P1 

C

 P
i 1 j 1

5.

ij

M

segmented

image

N

|| xi  c j ||2   B( xi , y j )
i  i  1 j  j 1

G

S

Repeat step 2 to 4 until Tmn   [Tmn (k )  Tmn (l )]
k 1 l 1

6.
7.
8.
9.

Post process the P1
Determine cluster centroid, C and degree of fuzziness, m.
Initialize membership Uij(0) of FCM
Calculate cluster center, v i( l )  Uij( l ),(i  1,2,....C ) and (l  0,1,2,......)

Determine image features, F ( x j ,v i( l ) )  v i( l )
11.
Update Uij(l ) with d( x j ,v i(l ) ) until || Uij(l )  Uij( l 1) ||  ,  {0 to 1}
12.
Obtain the binary black and white image (BW) of updated Uij(l )
13.
From (BW) define area, eccentricity, perimeters and bounding box applying
region properties algorithm.
-------------------------------------------------------------------------------------------------------------10.

IV. RESULTS AND PERFORMANCE ANALYSIS
The database of 30 brain tumor images is shown in Fig. 2, which we have made
through a collection of brain tumor images from [18]-[20]. We have used these four
images numbered as 5, 3, 8 and 29 respectively from database, for the classification
of tumor stages and area through linearization of TKFCM algorithm. The output of
TKFCM segmentation is finalization with a standard thresholding and using region
properties of the binary images cause to produce area and other characteristics
parameters whose results are shown in Fig 3.

Figure 2: The database of 30 brain tumor MRI image
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Figure 3. (a) Input images for TKFCM, (b) Detected brain tumor images from the
TKFCM, (c) Classified brain tumor from TKFCM
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Figure 4: Several clustered images for input image no. 3

On the basis of gray level intensity the modified FCM is performed for 8 clusters. For
example, several clustered images for input image no. 3 are shown in Fig 4.
The tumor area is calculated using binary method. This implies that the image having
only two values either 0 or 1 as black and white color respectively. The binary image
can be calculated using eqn. (12) as a summation of total number of white and black
pixels [21]:
I

M

N

  [ f (0)

 f (1)]

(12)

W 0 H 0

Where black and white pixel are expressed as f(0) and f(1) respectively.
The total pixel numbers of the image will be as follow:
Pixels  Width(W )  Height (H )  256  256

The area is calculated through this formula:
Size of tumor, S    P   0.264 mm2

(13)

Where, No of white pixel, P   f  0 and 1 Pixel = 0.264 mm.
TABLE I. : CALCULATION OF CHARACTERISTICS PARAMETERS OF TUMORS AND
CLASSIFICATION OF TUMOR STAGES
Image
No.

Eccentricity

Perimeters

Bounding box

Orientation

Area
in
pixel

Area
in
mm2
(S)

5.

0.4924

78.1780

49.7918

534

6.1

3.

0.8888

131.5790

[141.5 117.5 23
27]
[86.5 50.5 38 41]

-53.8841

705

7.009

29.

0.7489

219.5170

[170.5 102.5 51
72]

84.7361

2592

13.44

8.

0.8113

249.8840

[89.5 41.5 97 59]

8.6715

4522

17.75

Standard
area in
mm2 [21]

(2-6)

Brain Tumor
Stages

Benign: Just like
normal tumor
Malignant: Stage I
spreading slowly
Malignant: Stage II
(no
lymph)
spread wide
Malignant: Stage
III spreading very
fast
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Table I show different characteristic parameters of brain tumor and classified tumor
stages. The first image illustrates the area of 6.1 mm2 which is like the standard normal
tumor area that is why this belongs to benign tumor. On the other hand, other images
show deliberately exaggerated area values than normal tumor cause to detect
malignant tumors.
TKFCM requires 55 sec for the total computation using Matlab R2014a and core2duo
processor

V. CONCLUSION
This paper presents an effective approach to detect and classify tumor stages from
the brain MRI image. The TKFCM is used to segment the tumor and extract features
and linearization of TKFCM provides area and characteristics parameters. In TKFCM
the template is selected based on convolution between gray level intensity in small
portion of brain image and brain tumor image. K-means algorithm is to emphasized
initial segmentation through the proper selection of template. Updated membership is
obtained from the distance measurement from centroid to clusters, until it reaches to
its best. On the basis of updated membership and automatic selected cluster, a sharp
segmented image is obtained with tumor from modified FCM technique. The
segmented tumor is shown as red marked with their proper detected position. Then
taking the thresholding image and region properties of that TJFCM segmented image
the area and other parameters are obtained. The classification can be more precise,
if we could be able to identify the standard cancerous brain tumor size for all images
in our database. In our future research, we will try to reduce these problems and also
test this method for other brain imaging modalities like CT, PET, and other neuro
image
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