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Abstract 
MRI is an advanced medical imaging technique providing rich information about the human soft-tissue anatomy. This 
paper presents an automatic unsupervised classification approach to distinguish brain magnetic resonance (MR) images 
of multiple sclerosis (MS) patients from those of elderly normal controls. MR images that have been used here are axial 
view MR images from normal and abnormal brain tissues. The proposed method consists of four stages: pre-
processing, segmentation, feature extraction and classification. In first stage, pre-processing is done using median filter, 
which remove the noise with high frequency components from MRI without disturbing the edges and it is used to 
reduce ‘salt and pepper’ noise. In the next stage, segmentation is done using Clustering algorithms K-means and Fuzzy 
C-Means Clustering. The extraction of texture features in the detected tumor has been achieved by using Gray Level 
Co-occurrence Matrix (GLCM). In the next stage, extracted features are fed as input to ANN classifier. It classifies the 
images between normal and abnormal depending upon features.  
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1. Introduction 

MRI is a medical imaging technique used in radiology to clearly show the distinction between the tissues, 
bones and fluid. The diagnosis can be done without needing to intrude into the human body. The MRI 
machine basically consists of Primary magnet (1.5 to 3 Tesla), Gradient magnet, Radio Frequency coil. 
With a patient in machine, and the system turned on, the nuclei of the hydrogen atoms tend to spin in one of 
two directions. These hydrogen atom nuclei can transition their spin orientation, or precess , to the opposite 
orientation. In order to spin the other direction, the coil emits a radiofrequency (RF) that causes this 
transition. The energy released by molecules transitioning is used in creating MRI images. The MRI images 
can be done with three weightings T1 (short TR and short TE), T2 (long TR and long TE), PD. 
Classification refers to the task of extracting information classes from a multiband raster image. Depending 
on the interaction between the analyst and the computer during classification, there are two types of 
classification: supervised and unsupervised. Supervised  Classification : It is based on the idea that a user 
can select sample pixels in an image that are representative of specific classes and then direct the image 
processing software to use these training sites as references for the classification of all other pixels in the 
image. Unsupervised Classification: It is a method which examines a large number of unknown pixels and 
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divides into a number of classed based on natural groupings present in the image values. Unlike supervised 
classification, unsupervised classification does not require analyst-specified training data. 
 
Motivation: 
 
Multiple sclerosis (MS), is an inflammatory disease in which the insulating covers of nerve cells in the 
brain and spinal cord are damaged. This damage disrupts the ability of parts of the nervous system to 
communicate, resulting in a wide range of signs and symptoms including physical, mental and sometimes 
psychiatric problems. People with multiple sclerosis (MS) tend to have their first symptoms between the 
ages of 20 and 40. MS is a disease that predominantly affects white matter. Because of the inflammation 
and breakdown of the blood-brain barrier in MS lesions, the presence of extra vascular fluid leads to hyper 
intensity on T2-weighted images. Thus, in a patient with MS, MRI scans typically demonstrate more than 1 
hyper intense white matter lesion. Studies that have analyzed early treatment in patients highly likely to 
have MS (clinically isolated events with evidence of lesions on MRI) report significant benefits in delaying 
further changes on MRI and further attacks. Patients who begin treatment later do not reap the same 
benefits as those who begin treatment earlier during the disease course. This is one of the reasons why MRI 
based early diagnosis is a current research hot topic in neurosciences. And thus our system helps doctor in 
taking fast second opinion. 
 
2. Literature Survey 
 
This section discusses works in MRI brain-tissue classification , clustering and segmentation methods : 
In [5] ANFIS and SVM are the two supervised classification methods which were used in the detection of 
pathologies in brain magnetic resonance images. The results shows that SVM has higher sensitivity, but 
lower specificity than ANFIS. In [1] The symmetric log-domain diffeomorphic demons algorithm is used to 
compute the pair-wise  registration of all brain MR images, whose deformation field is then used to 
calculate the Riemannian distance between them. The spectral embedding algorithm is performed based on 
the Riemannian distance matrix to project images onto a low-dimensional space. Finally, the quick shift 
clustering method is employed in the embedded space to partition the dataset into subgroups. In [2]  ULDA 
was used for the classification of multispectral MRI images. Results generated a set of potential targets 
such as three major tissues in the brain , GM, WM, and CSF. In  [4] unsupervised image segmentation 
models : FCM ,G-FCM and Geostatistical  Possibilistic clustering were presented for automated detection 
of white matter changes of the brain. In [7] SOM and Fuzzy(ART) for the segmentation of brain tissues in 
MR images was presented. In [10,11] FCM and k-means were used for detection of range and shape of 
tumor in brain MR images. In [14] an improvement to fuzzy clustering by introducing spatial constraint 
into FCM algorithm for detection of abnormalities in brain is described. 
 
 
3. Methodology 
 
The proposed method consists of four stages: pre-processing, segmentation, feature extraction and 
classification. In first stage, pre-processing is done using median filter, which remove the noise with high 
frequency components from MRI without disturbing the edges and it is used to reduce ‘salt and pepper’ 
noise. In the next stage, segmentation is done using Clustering algorithms K-means and Fuzzy C-Means 
Clustering. The extraction of texture features in the detected tumor has been achieved by using Gray Level 
Co-occurrence Matrix (GLCM). In the next stage, extracted features are fed as input to ANN classifier. It 
classifies the images between normal and abnormal depending upon features. 
 
 
 
 
Preprocessing  
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The operations that are normally necessarily prior to the main goal analysis and extraction of the desired 
information and normally are involved in preprocessing. It performs filtering of noise, sharpening the edges 
in the image, RGB to grey conversion, Reshaping [12]. This project includes median filter for noise 
removal. 
Median Filter 
It removes the noise with high frequency components from MRI without disturbing the edges and it is used 
to reduce 'salt and pepper noise. It calculates the median values i.e. set median value pixels values of the 
surrounding pixels to determine the new de-noised value of the pixel. For calculating a median , first all 
pixel values are sorted by their size, then the median value is selected  as the new value for the pixel. [12] 
The basic function for median image is written below in equation , where a(x,y) output median and b(i,j) is 
the original values. 
 
 
 

����, �� = 			
��, ���,��∈������  

Segmentation 
 

It refers to partition of a digital image into similar regions to simplify the image representation into 
something that is more meaningful and easier to analyze [13]. 
 
k-means 
The K-means method is the simplest method in unsupervised classification [14]. The input image is 
converted into Standard format 512*512, then find the total no. of pixels using Length = Row X Column. 
Then covert 2D image into 1D and create no. of clusters depend on user. The k-means algorithm initially it 
has to define the number of clusters k. Then k-cluster centre are chosen randomly. The distance between 
the each pixel to each cluster centres are calculated. The distance may be of simple Euclidean function. 
Single pixel is compared to all cluster centres using the distance formula. The pixel is moved to particular 
cluster which has shortest distance among all. Then the centroid is re-estimated. Again each pixel is 
compared to all centroids. The process continuous until the centre converges. [10] 
 
Mathematical representation: 
 
For a given image, compute the cluster means M , by the following equation: 
 

� = � �
��:�����

 

 
Now, calculate the distance D,between the cluster center to each pixel by the following equation: 
 

���� = argmin$�%&'$
(
 

 
 
FCM:  
 
FCM is an unsupervised clustering algorithm. In fuzzy clustering data elements can belong to more than 
one cluster, and associated with each element is a set of membership levels. These indicate the strength of 
the association between that data element and a particular cluster. Fuzzy clustering is a process of assigning 
these membership levels, and then using them to assign data elements to one or more clusters. In fuzzy 
clustering, every point has a degree of belonging to clusters, as in fuzzy logic, rather than belonging 
completely to just one cluster. Thus, points on the edge of a cluster, may be in the cluster to a lesser degree 
than points in the center of cluster. 
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 The FCM algorithm attempts to partition a finite collection of n elements ) = {�+				, … . , ��		} into a 
collection of c fuzzy clusters with respect to some given criterion. Given a finite set of data, the algorithm 
returns a list of c cluster centres  / = {/+				, … . , /�		}  and a partition matrix  0 =	1,�	2	30,16		, � =
1	, … . 7	, � = 1	, … . , 8		, where each element 1,� 		tells the degree to which element �		belongs to 

cluster /�. The standard function is: 
 

1��9��		 +
∑ ����'		,			9����;	,			9� �

<
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Like the k-means algorithm, the FCM aims to minimize an objective function. The standard function of 
FCM differs from the k-means objective function by the addition of the membership values 1,�  and the 
fuzzifier m. The fuzzifier m determines the level of cluster fuzziness. A large m results in smaller 
memberships 1,�	 and hence, fuzzier clusters. In the limit m = 1, the memberships 1,�	 converge to 0 or 
1, which implies a crisp partitioning. In the absence of experimentation or domain knowledge, m is 
commonly set to 2. The basic FCM Algorithm, given n data points (�+				, … . , ��		�  to be clustered, a 

number of c clusters with (/+				, … . , /�		� the center of the clusters, and m the level of cluster fuzziness 
with.  
Any point x has a set of coefficients giving the degree of being in the kth cluster wk(x). With fuzzy c-means, 
the centroid of a cluster is the mean of all points, weighted by their degree of belonging to the cluster: 

/� =	∑ 	1������ �
∑ 1�9	 	����  

The degree of belonging, 1����, is related inversely to the distance from x to the cluster center as 

calculated on the previous pass. It also depends on a parameter m that controls how much weight is given to 

the closest center.  

The Fuzzy Logic Toolbox™ function fcm performs FCM clustering. It starts with an initial guess for the 
cluster centers, which are intended to mark the mean location of each cluster. The initial guess for these 
cluster centers is most likely incorrect. Next, fcm assigns every data point a membership grade for each 
cluster. By iteratively updating the cluster centers and the membership grades for each data 
point, fcm iteratively moves the cluster centers to the right location within a data set. This iteration is based 
on minimizing an objective function that represents the distance from any given data point to a cluster 
center weighted by that data point's membership grade. 
 
Feature extraction 
When the input data to an algorithm is too large to be processed and it is suspected to be notoriously 
redundant (e.g. the same measurement in both feet and meters) then the input data will be transformed into 
a reduced representation set of features (also named features vector). Transforming the input data into the 
set of features is called feature extraction. According to the number of intensity points (pixels) in each 
combination, statistics are classified into first-order, second-order and higher-order statistics. The Gray 
Level Coocurrence Matrix (GLCM) method is a way of extracting second order statistical texture features. 
The four texture descriptors are extracted from each co-occurrence matrices which are computed. [18] 
1.Correlation : Correlation measures the linear dependency of grey levels of neighboring pixels. 

� �� − A���� − A��B��, ��
C�C�,�

 

2.  Contrast: It is a measure of intensity contrast between a pixel and its neighbor pixel over a whole image. 
It is zero for constant image. 
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3.Energy: It returns the sum of squared elements in GLCM. It is 1 for constant image. Energy is also 
known as uniformity, Angular Second Moment.[17] 

� E��, ��(
�%+

,��F
 

4.Homogeneity :It is a value that takes high value for low contrast images. 
 

� E��, ��
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Classification by Neural Network 
 
It is a branch of "Artificial Intelligence". Artificial Neural Network is a system loosely modeled based on 
the human brain. They have the ability to learn from experience in order to improve their performance and 
to adapt themselves to changes in the environment. In addition to that they are able to deal with incomplete 
information or noisy data and can be very effective especially in situations where it is not possible to define 
the rules or steps that lead to the solution of a problem. In a nutshell a Neural network can be considered as 
a black box that is able to predict an output pattern when it recognizes a given input pattern. Once trained, 
the neural network is able to recognize similarities when presented with a new input pattern, resulting in a 
predicted output pattern. The brain's network of neurons forms a massively parallel information processing 
system. One of the most important aspects of Neural Network is the learning process. Learning can be done 
in supervised or unsupervised training. In supervised training, both the inputs and the outputs are provided. 
The network then processes the inputs and compares its resulting outputs against the desired outputs. Errors 
are then calculated, causing the system to adjust the weights which control the network. This process 
occurs over and over as the weights are continually tweaked. In unsupervised training, the network is 
provided with inputs but not with desired outputs. The system itself must then decide what features it will 
use to group the input data. This is often referred to as self-organization or adaption. 
 
Results 
 
k-means: 
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By choosing cluster number 2 , following features obtained : 
Contrast:1.044681 
Correlation:0.928026 
Energy:0.682917 
Homogeneity:0.981345 47302 
 
FCM: 

 
 
 
By choosing cluster number 1 , following features obtained : 
Contrast:0.659499 
Correlation:0.921603 
Energy:0.647748 
Homogeneity:0.930622 32936 
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4. Conclusions 

 
The work in this paper involves Fuzzy C Means and k-means for segmentation the input which is MR 
Image.And GLCM to extract features from the selected cluster after clustering. Then Neural Network is 
used to classify and detect whether the input image is normal or multiple sclerosis affected. The results 
shows that kmeans unsupervised segmentation is better for classification than FCM. The intention of the 
paper is to detect multiple sclerosis disease from MR image of brain, which will help doctors to take second 
opinion 
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