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Abstract— Imaging modality provides detailed information about anatomy. It is also helpful in diagnosing disease and 
helps in progressive treatment. We present suitable algorithms for thresholding, fuzzy k-means, fuzzy c-means and fuzzy 
Markov random field (MRF) that could improve results. Since the k-means and c-means aims to minimize the sum of 
squared distances from all the points to their cluster centre, it should results in compact clusters. For this purpose we use 
intra-cluster distance measure which calculates the median distance between a point and its clustered centre. The proposed 
algorithms are evaluated and compared with fuzzy k-means, c- means and MRF methods both qualitatively and 
quantitatively to improve their efficiency. From the proposed work, it is obvious that, these evaluations are not easy to 
specify in the absence of any prior knowledge about resulted clusters.  
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I. INTRODUCTION 
 
Magnetic resonance image segmentation has been proposed for a number of clinical investigations of varying 
complexity. Magnetic resonance image segmentation [1] has been proposed for a number of clinical 
investigations of varying complexity. Segmentation of MR scans is very useful for research and clinical study of 
much neurological pathology. The accurate segmentation of brain, in MR images [2] into different tissues 
classes, especially Grey Matter (GM), White Matter (WM) and Cerebos Spinal Fluid (CSF), is important for 
diagnosis and prognosis of certain illnesses. The major MR image segmentation problem is when MR image is 
corrupted with an inhomogeneity bias field. Several approaches have been proposed to address this limitation of 
intensity-based classification under three broad algorithmic frameworks, namely threshold method, region based 
segmentation and theory based segmentation. The main aim of this work is to analyse the image segmentation 
technique applied on MR Brain images with tumour and also detection of brain tumour more clearly using the 
combined techniques of MRF and fuzzy clustering. 

 
II. IMAGE SEGMENTATION 
 
Image segmentation refers to the process of portioning an image into N number of parts. The images are 
segmented on the basis of set of pixels or pixels in a region that are similar on the basis of homogeneity criteria 
such as colour, intensity or texture, which helps to locate and identify objects or boundaries in an image. Image 
segmentation is generally required to cut the region of interest (ROI) from an image. Image segmentation 
approach is based on two properties of an image, is divided into two categories. They are based on continuity 
(abrupt change in the intensities, based on identification of points, lines and edges), which includes techniques 
like edge detection and similarities based (similarities on the intensities, based on similar points, lines and 
edges), which includes algorithms like thresholding [6], merging, region splitting. Before going to the 
segmentation techniques [2, 3], we go for pre-processing method in the beginning. In pre-processing, the main 
goal is to enhance the visual appearance of images and improve the manipulation of datasets, enhancement 
techniques can emphasize image artefacts, or even lead to a loss of information if not correctly used. There are 
various techniques they are image resampling, greyscale contrast enhancement, noise removal, mathematical 
operations and manual correction. In this paper, preferably noise removal technique [3] has been used by 
median filtering. The segmentation techniques are followed here. 
 
1. Edge Detection 
Edge detection is a fundamental tool for image segmentation[4]. These methods transform original images into 
edge images benefits from the changes of grey tones in the image. Canny edge detector [5] is one of the standard 
edge detection technique. It smoothens the image with a Gaussian filters to reduce noise and remove small 
details. Compute gradient magnitude and direction at each pixel of the smoothed image. The non-maximal 
suppressions of smaller gradients by larger ones are used to focus the edge localization. Gradient magnitude 
thresholding and linking that uses hysteresis to start linking at strong edge positions, but then also it tracks 
weaker edges. Canny method is a better method without disturbing the features of the edges in the image 
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afterwards it applying the tendency to find the edges and the serious value for threshold. The algorithmic steps 
are as follows:  

  Convolve image f(r, c) with a Gaussian function to get smooth image f^(r, c).   
where      f^(r, c)=f(r, c)*G(r,c,6) 

  Apply first difference gradient operator to compute edge strength then edge 
magnitude and direction are obtain as before.  

  Apply non-maximal or critical suppression to the gradient magnitude.  
  Apply threshold to the non-maximal suppression image 

2. Bi-Level Thresholding 
An image is a 2D greyscale intensity function, and contains N pixels with grey levels from 1 to L. The number 
of pixels with grey level i is denoted , giving a probability of grey level i in an image of, 
                          = /N                                                                                  (1) 
In the case of bi-level thresholding of an image, the pixels are divided into two 
classes, C1 with grey levels [1, …, t] and C2 with grey levels [t+1, …, L]. Then, the grey level probability 
distributions for the two classes are 
C1:  / …………… /  and 
C2: / (t), / (t),………….. / (t), 
 
      Where, 

 
   and 
                 

 
 
Also the means for clusters C1 and C2 are, 
            

 
 
 and 

      
let  be the mean intensity for the whole image.it is easy to show that 

+                           (6) 
                                 (7) 

 
3. Fuzzy-K Means 
It is one of the simplest, unsupervised classification algorithm [1, 9, 13]. It finds a cluster centre for each class. 
The input pattern belongs to all the clusters with different degrees or membership values. Since K-Means 
method aims to minimize the sum of the square distances from all the points to the cluster centres this should 
result in compact cluster. we use the intra-cluster distance measure, which is simply the median distance 
between a point and its cluster centre. The procedure [1] follows a simple way to classify the dataset through a 
certain number of clusters. The algorithm partitions a set of N vector into C 

classes  and finds a cluster centre for each class  denote the centroid of cluster  such that an 
objective function of dissimilarity, for example a distance measure, is minimized. The objective function should 
be minimized, when the Euclidean distance is selected as the dissimilarity measure, can be described as: 

 
 where, 
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is the objective function within group i, and  is a chosen distance measure between a data point  and 
the cluster centre . The partitioned groups are typically defined by a (C × N) binary membership matrix 
U=  where the element  is 1 if the  data point  belongs to group i and 0 otherwise. This means  

  

 
 
 

 
where i R is number of data point in class .Since the k-means method aims to minimize the sum of squared 
distances from all points to their cluster centres, this 
should result in compact clusters. We use the intra-cluster distance measure, which is simply the median 
distance between a point and its cluster centre. The equation is given as: 

 
Therefore, the clustering which gives a minimum value for the validity measure will tell us what the ideal value 
of k is in the k-means. Then the number of cluster is known before estimating the membership matrix. The 
proposed k-means clustering algorithm is described as follows: 
1. Select a subset from the dataset instead of using all of them. 
2. Set C = 2 the initial number of cluster, and  =the maximum number of cluster (it is selected 
arbitrary). 
3. Determine the membership matrix U according to procedure 2 using C is set   
4. Compute the objective function according to equation 1. Go to step 6, if either it is below a certain tolerance 
value or its improvement over previous iteration is below a certain threshold. 
5. Update the cluster centres  using procedure 3, then go to step 3. 
6. Obtain the centre, . 
7. Apply step 3 and use 1 ν centres as input c number of cluster to obtain centre   
8. Use to calculate the intra distance according to the procedure4. Stop if intra is smaller than a prescribe 
value else set C = C +1, return to step 3, until  
 
4. Fuzzy-C Means 
Fuzzy C-means (FCM) clustering[1,8,,9,12,14], also known as fuzzy ISODATA, is a data clustering algorithm 
in which each data point belongs to a cluster to determine a degree specified by its membership grade. Bezdek 
has proposed this algorithm as an alternative to earlier k-means clustering. FCM partitions a collection of N 
vector  into C fuzzy groups, and finds a cluster centre in each group such that an objective 
function of a dissimilarity measure is minimized. The major difference between FCM and k -means is that FCM 
employs fuzzy partitioning such that a given data point can belong to several groups with the degree of 
belongingness specified by membership grades between 0 and 1. In FCM, the membership matrix U is allowed 
to have not only 0 and 1 but also the elements with any values between 0 and 1. This matrix satisfies the 
constraints: 

 
The objective function of FCM can be formulated as, 

 
where  is between 0 and 1,  is the cluster centre of fuzzy group i , and the parameter m is a weighting 
exponent on each fuzzy membership (in our implementation, we set it to 2). Fuzzy partitioning is carried out 
through an iterative optimization of the objective function shown above, updating of membership  and the 
cluster centres  by: 
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Similar to k-means method, we use the intra-cluster distance measure, which is simply the median distance 
between a point and its cluster centre. The proposed algorithm is described as follows: 
1. Select a subset from the dataset. 
2. Set C = 2 the initial number of cluster, and  =the maximum number of cluster (it is selected arbitrary). 
3. Initialize the membership matrix U with random values between 0 and 1 such that the constraints in Equation 
5 are satisfied. 
4. Calculate fuzzy cluster centres  i=1,….C, using procedure7. 
5. Compute the objective function according to procedure 6. Go to step 7, if either it is below a certain tolerance 
value or its improvement over previous iteration is below a certain threshold. 
6. Compute a new membership matrix U using Equation 8, then go to step 2. 
7. Obtain the centre  . 
8. Apply step 3 on the subset with c number of cluster to obtain centre  . 
9. Use  to calculate the intra distance according to the procedure 4. Stop if intra is 
smaller than a prescribe value else set C = C +1 , return to step 3, until  
 
5. Markov random field 
Most clustering methods do not consider spatial information or the dependency between the pixels in the image 
surface. The unsupervised clustering method of Markov Random Fields (MRF)[11,15] provides a way to 
integrate spatial information into the clustering process. In many cases, this reduces both the possible problem 
of Cluster overlapping and the effect of noise on the clustering result. In the particular case of brain tumour 
segmentation, if a pixel is strongly labelled as tumour (non-tumour), it suggests that its neighbours will have a 
tumour (non-tumour) label. This has motivated some researchers to apply Markov Random Fields to various 
segmentation tasks. Given an undirected graph G=(V,E), a set of random variables  indexed by V 
form a Markov random field with respect to G  if they satisfy the local Markov properties: 
Pairwise Markov property:  
Any two non-adjacent variables are conditionally independent given all the other variables. 
                               if {u, v}  E 
Local Markov property: 
A variable is conditionally independent of all the other variables given its neighbours. 

 
Where ne(v) is the set of neighbours of v, and cl(v)= v U ne(v) is the closed neighbourhood of v. 
Global Markov property: 
Any two subsets of variables are conditionally independent given a separating subset. 

 
where every path from a node in A to a node in B passes through S. The above three Markov properties are not 
equivalent. The Local Markov property is stronger than the pairwise one, while weaker than the Global one. As 
the Markov properties of an arbitrary probability distribution can be difficult to establish, a commonly used 
class of Markov random fields are those that can be factorized according to the cliques of the graph. Given a set 
of random variables 
 ,  let P(X=x) be the probability of a particular field of configuration of   finding that the random 
variables X take on the particular value x. Because X is a set, the probability of x should be understood to be 
taken with respect to a joint distribution of the  .if this joint density can be factorized over the cliques of G. 

 
then X forms a Markov random field with respect to G. Here, cl(G) is the set of cliques of G. The definition is 
equivalent if only maximal cliques are used. The functions  are sometimes referred to as factor potentials or 
clique potentials. Note, however, conflicting terminology is in use: the word potential is often applied to the 
logarithm of . This is because, in mechanics, log(  has a direct interpretation as the potential energy of 
a configuration . 
 
6. Fuzzy Markov random field 
In the MRF[17] model, we consider two random fields for X and Y. The segmentation results we want to obtain 
is the realization X=x of the field. The measured data, i.e., the set of multispectral MR images, is a realization 
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Y=y of Y, y’s is the intensity or feature vector of the pixel at location .The joint distribution of the data and 
segmentation is  

 
Where p(x) is the prior distribution X of assumed to be stationary and Markovian, and  is the posterior 
distribution. The problem of classifying the measured data y is to estimate the class parameters for each pixel, 
which can be accomplished by estimating the hidden field X from the observed field Y. In a Bayesian 
framework, suppose C ( =X) is the cost of choosing an estimate x when X is the truth. The estimator of is 
obtained by minimizing this cost function C ( ,X). Then segmentation consists of 1) defining a cost function , 
2)finding the optimum estimator  of X by minimizing the cost function. The most natural choice is to select 
that is most likely to occur based on its probability density function (PDF). Then we select the negative of the 
PDF of as our cost function. Minimizing this cost function is equivalent to selecting that is most propable 

 
Since the prior probability p(y) is independent of p(x), then maximization of (2) is equivalent to the 
maximization of . Then we have 

 
 

where the cost function . 
A common probabilistic model used is the Gaussian distribution, and extension to other distributions is possible 
by using the corresponding PDFs .This choice simply state that the distribution of MR image values for each 
class is Gaussian. The Gaussian distribution is a natural choice, since for a particular tissue with common 
properties (forming one class), it is reasonable to assume that the image values will be distributed around the 
mean value of the class. For a simplified development, let us consider two classes, background and a single 
object with means and variances denoted by . For a fuzzy MRF model, let , denote the 
degree of membership of pixel belong to classes 1and 2 denoting the background and object. The likelihood 
function is then 

               (18) 

simply derived from the PDF of a Gaussian distribution, where I, denotes a pixel. The MRF 
parameters : , , , define all distributions of y conditional on x. To construct our final cost 
function, we need to choose a penalty term. A Gibbs penalty term that is commonly used is based on the prior 
knowledge that pixels tend to belong to the same class as their neighbours  

 
with 

 
where  represents the energy function,  is a potential function of  defined on the clique , 
the normalizing constant Z is called partition function and the summation is over all cliques. A clique is defined 
as a set of pixels that are neighbours of each other. In this paper, we use a neighbourhood consisting of 3× 3 
nearest pixels, and the non-zero clique potential  are those that correspond to the two- point cliques. The two-
point clique potentials are defined as follows: 

 
 
If we select the Gaussian MRF model which is widely used in many applications for the energy function, the 
MAP estimate can be obtained by maximizing 

 
This equation is simply obtained by substituting (5) and (6) into (4) considering all pixels that are assumed to be 
independent. From (8), it can be seen that parameters ,  and play a crucial role in the 
estimation of the class parameters.  
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The performance of the classification algorithm would suffer significantly if the MRF parameters were not 
accurately estimated. In the past, several methods have been proposed to estimate MRF or fuzzy MRF model 
parameters, observations. For fuzzy MRF model and supervised methods, the means and variances are chosen 
empirically or from some training data; for unsupervised methods, they are estimated by a fit of the image 
histogram with a mixture of different or obtained from -mean clustering. Methods that perform the estimation of 
the MRF and class parameters in an alternating fashion have also been proposed in .The common property of the 
previous methods in the literature is that parameters such as means and variances are estimated at a different 
step than the estimation of the classes. Then, at each iteration, the mean and variance is estimated. 
The results may be based on an incorrect class assignment. We propose to perform the estimation of the classes 
without the need for explicitly estimating the means and variances. In this way, the estimation of the classes is 
not incorrectly steered by the erroneous mean and variance estimates. 
 
7. Performance Evaluation 
To evaluate the performance [18] of the segmentation algorithm, there are many methods available to perform 
evaluation. In this work region non-uniformity, correlation between the neighbouring pixels for each algorithm 
is compared 
A. Region non-uniformity 

This is a standard method to evaluate the performance. This does not require ground truth information 
and is defined as 

) 
where σ2 represents the variance of the whole image, and represents the foreground variance. FT and BT  
denote the foreground and background area pixels in the test image. It is expected that a well segmented image 
will have a non- uniformity measure close to 0, while the worst case corresponds to NU=1. 
B. Correlation 
Correlation between two quantities denotes how closely related those two are: Correlation between two images 
thus denotes how closely one image resembles the other. A measure of correlation is thus a really good quantity 
to prove proper segmentation. In this method, a correlation is done between the selected input image and an 
image formed by superimposing the foreground segmented using the proposed method with the standard 
background of the input image. 
 
II. RESULTS AND DISCUSSIONS 
 
The segmentation techniques have been applied and seen the results with tumour MR images. The techniques 
are edge detection, thresholding, fuzzy-k means, fuzzy c means and finally the FCM final image has taken as the 
input for Markov random field to segment and produce a better outcome. 
 
 
   Fig.1 (a)Original MR brain image with tumour (b)Canny edge detected image (c)segmented image using 
thresholding (d)K-means clustered image (e)C-means clustered image (f)MRF segmented image (g)FMRF 
segmented image 
 

 
   Fig.2 (a)Original MR brain with tumour (b)Canny edge detected image(c)segmented image using thresholding 
   (d)K-means clustered image(e)C-means clustered image(f)MRF segmented image(g)FMRF segmented image. 
 
Correlation between two images denotes how closely the images resemble each other. The measure of 
correlation is really a good quantity to prove good segmentation. Totally 10 different tumour images were 
segmented and performance evaluation are done. 
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Fig.1 (a)Original MR brain image with tumour (b)Canny edge detected image (c)segmented image using thresholding (d)K-

means clustered image (e)C-means clustered image (f)MRF segmented image (g)FMRF segmented image 
 

 
Fig.2 (a)Original MR brain with tumour (b)Canny edge detected image(c)segmented image using thresholding (d)K-means clustered 

image(e)C-means clustered image(f)MRF segmented image(g)FMRF segmented image. 
 

Based on region non-uniformity and correlation among neighbouring pixels and the results are tabulated as 
shown above. From the table, it is inferred that values closer to zero in region non-uniformity results in the “best 
segmentation”. The variations were occurred due to variations in the grey level of pixels. Therefore, the 
correlation of the segmented images using four algorithms results with manually segmented results, it inferred to 
be a good as the value approaches to one.  

 
CONCLUSIONS 
 
The method of improving image segmentation has been presented. It works automatically and can indeed 
improve the accuracy of the segmentation techniques. In the proposed K-means method, some parts of tissues 
are misclassified, but it is achieved better with standard FCM. By comparing all the other proposed methods 
with FMRF, it is clear that our algorithms can estimate the correct tissues with better accuracy than the 
established algorithms. Furthermore, the proposed methods to clustering turn out to be particularly interesting 
because, due to partial volume of interest correspond to mixtures of different anatomical tissues.   
Future research in MRI segmentation should strive toward improving the accuracy, precision and computation 
speed of the segmentation algorithms, while reducing the amount of manual interactions needed. 
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