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Abstract— Brain tumor is one the major cause to death among the people in the world. It can effect at any age of the people. Early 

detection and diagnosis of the brain tumor reduces the mortality. MRI is the majority preferred screening modality of detection of 

tumor in brain. Manual detection of tumor from brain MRI images causes misidentification and misclassification which leading to 

increase the false rate and reduces the accuracy of tumor detection. An automatic brain tumor detection technique can reduce the 

false finding rate and increases the accuracy of tumor detection from MRI images. In this paper, we proposed different techniques of 

tumor detection and classification from brain MRI images. 

 

Index Terms — Brain Tumor Detection, FCM, K-Means Clustering, Otsu’s thresholding  

 

I. INTRODUCTION 

 

   The segmentation and classification of brain tumor from 

MRI images is proficient but time consuming task presented 

by Medical experts. The magnetic resonance imaging and its 

segmentation play key role in the diagnosis of diseases. The 

segmentation performed on MRI (Magnetic Resonance 

Imaging) images is manually time consuming and complex 

method in simplification medical cases [1]. The growth of 

cancer cells has been different compare with normal cell 

growth. Instead of disappearing cancer cells continue to raise 

and form new, abnormal and irregular cells. The scanning 

using MRI can optimize the soft tissues in human body, 

where CT (Computer Tomography) scan is employed for 

examining bone structure. MRI provides detailed 

information about brain tumor anatomy, cell structure for 

effective diagnosis, treatment. Malignant brain tumors that 

were cancerous can spread within the spine of brain. They 

affect the nearby cells of brain and spine by way of 

cerebrospinal fluid [2].  

Brain tumor is of two types one is benign and other is 

malignant. Generally, brain tumors have different shapes 

and sizes and they are different from one case to another. The 

effect of benign and malignant are to some extent alike and 

can originate similar problems depending on their category 

and locality. Brain and spinal cord tumors are masses of 

abnormal cells in the brain that have grown out of control. 

Benign tumors do not produce into nearby tissues or extend 

to distinct areas .so on other parts of body they are almost 

never life threatening. Malignant tumors are dangerous 

because they spread to another parts of body. Tumors in 

critical area of brain cause weakness, stiff muscles or 

problem with sensation, facial or eye movement. Double 

vision is a common early symptom of brain stem tumors. 

Doctor’s group brain tumors by grade, the grade of tumor 

refers to the way of the cells look under a microscope [3]. 

1) Grade I - Benign tissues, these tissues looks like normal 

tissues slowly raise these cells. 

2) Grade II - The cells are malignant these tissues looks like 

normal tissues like grade1 tissues. 

3) Grade III - These malignant tissues are different from 

normal cells. These abnormal cells are fast growing.  

4) Grade IV - These are most abnormal cells and spread 

rapidly.   

 Brain tumor is leading cause of cancer in children under 

the age of 20. Another leading age of brain tumor is 20-29. 

Medical imaging is one of the most precise tools in medical 

field for diagnosis and ease of treatment [4].  

Imaging plays a vital role in the diagnosis of the brain 

tumors in earlier stages. Most common modalities that detect 

tumors are CT and MRI. MRI method is better than computer 

tomography due to its higher resolution, especially in brain 

imaging. Moreover, MRI imaging doesn't base on ionizing 

radiation so it's safer. Image segmentation is an important 

step in medical image analysis. Medical Resonance Imaging 

(MRI), Computer Tomography (CT), digital mammography 

and other imaging techniques are effective ways to find 

anatomy of internal organs of human body. Now a day’s 

these techniques play key role in medical research, diagnosis 

and healthy treatment. Since last two decades that computer 

aided tumor detection on medical images has being studied, 

MR images are still very difficult to solve. Interpretation of 

these images is very sensitive and also for reducing the 

probability of misdiagnosis, multiple radiologists are used to 

review the images before come to final result [5]. 

In this paper, a comparison between Otsu’s thresholding, 

K-means clustering, fuzzy c-means, watershed segmentation 

and expectation maximization clustering are performed. 

Statistical data and features are extracted from an image 

using gray-level co-occurrence matrix (GLCM). In 

classification step, Tumors classified into benign and 

malignant using support vector machine. 

II. METHODS AND MATERIALS 

The block diagram as shown in fig.1 represents the different 

steps avail in the proposed methodology. The brief 

descriptions about various steps in block diagram are as 

follows: 

A. Image acquisition  

The images are acquired from publicly available websites 

and databases such as BrainWeb [6], Harvard medical school 

[7] data. 
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Fig.1. Block diagram for brain tumor detection and 

classification 

B. Preprocessing 

To improve the quality of the acquired input MRI images we 

go for image preprocessing. In this stage the input images in 

enhanced by the median filter. The median filter is a 

non-linear time domain filter which removes the high 

frequency components. It improves the quality of the image 

and preserves the edges [8]. 

C. Image Segmentation 

Segmentation is used to partition the images and identify the 

tumor. Here we performed segmentation on five different 

image segmentation techniques such as Otsu’s thresholding, 

K-means clustering, fuzzy c-means clustering, watershed 

segmentation and expectation maximization. The more 

details about these segmentation techniques are explained in 

section III. 

D. Feature Extraction 

Gray level co-occurrence matrix (GLCM) is powerful 

features to determine the spatial information and distribution 

of neighbor pixels, through time consuming. Tumors can be 

identified through its inherent properties like area, 

perimeter, solidity and orientation. Such features are 

non-deterministic, hence could not provide higher accuracy 

rate [9].  However, such properties are easy to compute from 

tumorous region of image. 

E. Classification 

Support vector machine is a binary classifier and it is 

supervised classification technique. In medical image 

processing, the tumor class can be determined by this 

technique. The hyper plane separates the two classes of 

tumor [10].  

III. SEGMENTATION METHODS 

 

Various segmentation techniques for the T2- weighted 

MRI of Brain images by using MATLAB R2016a have been 

performed in this article. These segmentation algorithms 

assimilate computation, visualization, as well as 

programming in an easy-to-use environment where problems 

and solutions are expressed in familiar mathematical 

notation. MATLAB features a family of application specific 

solutions called toolboxes. The MATLAB toolboxes permit 

you to learn and apply specialized technology. Toolboxes are 

inclusive collections of MATLAB functions (M-files) that 

extend the MATLAB environment to solve particular classes 

of problems. Areas in which toolboxes are accessible include 

signal processing, control systems, fuzzy logic, neural 

networks, wavelets, simulation, and numerous others. There 

are several types of segmentation techniques that are 

developed to process the T2-Weihgted MRI of human brain 

medical image.  

A. Otsu’s Thresholding 

We use intensity based thresholding. It is the most 

important technique in image computer vision and image 

processing. It converts the gray scale image into the binary 

image that makes it easier to extract the important features 

from the MRI image. It is used to highlight the tumor region 

from the background. The resultant image of this step 

provides high processing speed and smaller storage space 

[11]. 

For the gray level, L from 0 to L-1, fi stands for the number 

of pixels with gray level of i. The probability is calculated by 

the following formula: 
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If an image is segmented in k clusters, then selected 

threshold be k-1, k is the cumulative probability and k  is 

the mean gray level for each cluster, kc  is computed by using 

the following formula: 
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The mean intensity ( T ) and the class variance ( 2

B ) of 

entire image are calculated as follows: 
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B. K-Means Clustering 

K-means is one of the simplest unsupervised learning 

algorithms. This algorithm is easy to solve the well-known 

clustering problem. The procedure follows an easy way to 

classify a given data set through a different number of 

clusters k clusters) fixed a priori. K-means algorithm is an 

iterative technique that is used to partition an image into K 

clusters, where each pixel in the image is assigned to the 

cluster that minimizes the variance between the pixel and the 

cluster center and is based on pixel color, intensity, texture, 

and location, or a weighted combination of these factors. 

This algorithm is guaranteed to converge, but it may not 

return the optimal solution. The quality of the solution 

depends on the initial set of clusters and the value of K [12].  

Steps of the K-Means clustering algorithm 

1. Consider the number of cluster K. 

2. Initialization – initialize the centroid vk fot each cluster. 

The vk is represented as  
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uki  represents the membership of data points xi in 

cluster ck.. Defines the number of clusters and randomly 

selects the position of the centers for each cluster or 

directly generates k seed points as cluster centers.  

3. Assign each data point to the nearest cluster center.  

Compute each membership matrix U. uki=1, if data 

point xi is nearer to cluster k based on Euclidian 

distance function  
ki i kd x v   otherwise set uki=0. 

4. Calculate the new cluster centers for clusters receiving 

new data points using equation (5) and for clusters 

losing data points. 

5. Repeat the steps 2 and 3 until all cluster centroids 

remain unchanged. 

The main advantages of this algorithm are its simplicity and 

low computational cost, which allows it to run efficiently on 

large datasets. The main drawback is the fact that it does not 

systematically yield the same result each time the algorithm 

is executed and the resulting clusters depend on the initial 

assignments. The K-Means algorithm maximizes 

inter-cluster (or minimizes intra-cluster) variance, but does 

not ensure that the algorithm will not converge to local 

minima due to an improper starting condition i.e., 

initialization of the cluster centers [13].  

Deciding the number of clusters  

The number of clusters should match the data. An incorrect 

choice of the number of clusters will invalidate the whole 

process. An empirical way to find the best number of clusters 

is to try K-means clustering with different number of clusters 

and measure the resulting sum of squares. 

C. Fuzzy C Means Clustering 

The aim of a clustering analysis is to divide a given set of 

data into a cluster, which represents subsets or a group. The 

partition must have two properties, the first one is 

homogeneity inside clusters data, which should be as 

homologous as possible, and the second one is heterogeneity 

between the clusters data. Which belongs to different 

clusters, and this should be as different as possible. The steps 

in the fuzzy c-means are the same as the steps in k means 

clustering, but in fuzzy we determinate the initial points. 

Clustering means it organizes the items into -group in this 

criteria, Fuzzy c-means algorithm clusters more than one 

group, it does not cluster absolute member of point where us 

it calculate degree of membership(like hood) which belongs 

the point that gathered cluster and the number of iteration 

complete by FCM algorithm. Accuracy calculated by degree 

of membership from iteration to next with all data points 

with thresholding parameter [14]. 

uij : xi degree of membership in jth cluster. 

xi: it is the ith data 

cj: it is the jth center of the cluster 

m : fuzziness exponent; it is any real number than 1. For 

any data point, summation of membership for all clusters 

should be equal to 1. 

First randomly select cluster center. 

1. U=[uij] matrix, U(0) is initialized by the following equation 
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2. Calculate, C(k)=[cj] centers vectors at kth step. 

3. Update U(k), now U(k+1) 
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4. Stop when minimum j is achieved or 
   1k k

U U 

  ; 

otherwise go to step 3. 

At last, we have membership matrix so each pixel will 

move to the cluster for which it has the highest probability of 

belonging. And we get the clustered or we can say segmented 

image. 

D. Watershed Segmentation 

Watershed deals with group of pixels, and it is an 

integrator based algorithm. Watershed algorithm is based on 

morphological process mixed with edge based segmentation 

to yield a hybrid technique.  It is one of the best methods to 

group pixels of an image on the basis of their intensities. 

Pixels falling under similar intensities are grouped together. 

It is a good segmentation technique for dividing an image to 

separate a tumor from the image Watershed is a 

mathematical morphological operating tool. Watershed is 

normally used for checking output rather than using as an 

input segmentation technique because it usually suffers from 

over segmentation and under segmentation [15]. For using 

watershed segmentation different methods are used. Two 

basic principle methods are given below: 1) the computed 

local minima of the image gradient are chosen as a marker. 

In this method an over segmentation occurs. After choosing 

marker region merging is done as a second step; 2) 

Watershed transformation using markers utilizes the 

specifically defined marker positions.  

In image processing, different watershed lines may be 

computed. In graphs, some may be defined on the nodes, on 

the edges, or hybrid lines on both nodes and edges. The 

algorithm works on a gray scale image. During the 

successive flooding of the grey value relief, watersheds with 

adjacent catchment basins are constructed. This flooding 

process is performed on the gradient image, i.e. the basins 

should emerge along the edges. Normally this will lead to an 

over-segmentation of the image, especially for noisy image 

material, e.g. medical MRI data. Either the image must be 

preprocessed or the regions must be merged on the basis of a 

similarity criterion afterwards. 

1. A set of markers, pixels where the flooding shall start, are 

chosen. Each is given a different label. 

2. The neighboring pixels of each marked area are inserted 

into a priority queue with a priority level corresponding to 

the gray level of the pixel. 

3. The pixel with the highest priority level is extracted from 

the priority queue. If the neighbors of the extracted pixel 

that have already been labeled all have the same label, then 

the pixel is labeled with their label. All non-marked 

neighbors that are not yet in the priority queue are put into 

the priority queue. 

4. Redo step 3 until the priority queue is empty. The 

non-labeled pixels are the watershed lines. 

E. Expectation Maximization Clustering 

The local maximum likelihood parameters of a statistical 

model are determined by expectation maximization 
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clustering. Finding a maximum likelihood solution typically 

requires taking the derivatives of the likelihood function with 

respect to all the unknown values, the parameters and the 

latent variables, and simultaneously solving the resulting 

equations. The EM algorithm proceeds from the observation 

that there is a way to solve these two sets of equations 

numerically. One can simply pick arbitrary values for one of 

the two sets of unknowns, use them to estimate the second 

set, then use these new values to find a better estimate of the 

first set, and then keep alternating between the two until the 

resulting values both converge to fixed points [16]. 

The Expectation Maximization (EM) algorithm is based on 

an iterative technique for determining the maximum 

likelihood or MAP estimates of a statistical model. Steps for 

Expectation maximization are as follows. 

1. Read the input image from the database 

2. Vectorize the image 

3. Perform iteration between E-step and M-step until 

convergence. 

4. E-step: Suggested in EM algorithm that expected value of 

the maximum likelihood is obtained using equation  
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where the value Cik is an element of a matrix C which 

represents the probability that the pixel I, belongs to the 

region k in the image, where I is the original image. 

5. M-step: Use the actually measured data from previous step 

to determine 
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IV. RESULTS AND DISCUSSION 

The proposed experiment has been conducted on publicly 

available database images such as Brain web and Harvard 

School of Medical. The database having different modalities 

of brain MRI images such as T1-weighted, T2-weighted and 

proton density with various noise levels and thickness. The 

proposed research work performed in MATLAB 2016a using 

image processing toolboxes and running under Windows 8.1 

on Intel Core i3 processor with 2.00 GHz of speed and 4GB 

of internal RAM memory. 

 
Fig.2. Sample input MRI image 

 
Fig.3. Median filtered enhanced image 

 

 
Fig.4. Otsu’s thresholding segemented image 

 
Fig.5. K-means segmented image 

 
Fig.6. Fuzzy C Means segmented image 

 
Fig.7. Gradient Magnitude using Watershed 
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Fig.8. Regional Maxima Opening-closing by 

Reconstructon 

 
Fig.9. Expectation Maximization segmented 

image 

 
Fig.10. Extracted tumor 

The image as shown in fig.2 is the input sample brain MRI 

image acquired from publicly available database. The MRI 

image here used is the T2-Weihgted type pulse sequence. 

Basically, the acquired MRI images are blurred and noisey 

images. To remove the noise and blur from input MRI 

images, the preprocessing had done. We proposed a median 

filter in the preprocessing to remove the noise and blur by 

excluding the high frequency components. The image gets 

enhanced and preseve the edges. The enhnaced image using 

median filter is as shown in fig.3. Here we proposed different 

segmentation techniques to detect the tumor from the T2-W 

brain MRI images. The outputs of the segmentation 

techniques are as shown in figure from 4 to 9. The result of 

the otsu’s thresholding is as shown in fig.4. K-means 

clustering segmentaion result is shown in fig 5. Fuzzy c 

means clustering output is shown in fig 6. Similarly the 

watershed segmeted images are shown in fig 7 and 8. The 

graidient magnitude had determined and hence there the 

regional maxima using morphological opening and closing 

reconstruction appied to detect the tumor using this 

technique. It can group the pixels of the image based their 

intensities. The expected maximization segmented image is 

as shown in fig 9. The extracted tumor from the proposed 

methodogy is as shown in figure 10. The SVM classifier 

classifies that obtained tuomr is abonormal type tuomr. 

CONCLUSION 

In the presented study, the T2-weighted brain MRI image 

is enhanced by median filter, segmented by different 

segmentation techniques such as Otsu’s thresholding; k 

means clustering, fuzzy c means clustering, watershed 

segmentation i.e gradient magnitude and regional maxima 

by opening and closing, and expectation maximization 

clustering. Tumor is extracted using GLCM technique. The 

SVM classifier classified the type of tumor. 
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