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Abstract— MRI Brain tumor segmentation is difficult 

procedure to segment tumor area from MRI images because 

of inconsistency of anomalous tissues. There are number of 

techniques already presented for the effectively segmentation 

of brain tumor but still it is not achieved the required level of 

accuracy, abnormalities classification is not predictable. The 

whole process of segmentation is composed of many steps. 

Therefore we need an automated system for segmentation of 

brain images. The detection of tumor requires different steps 

which include pre-processing, feature extraction, 

segmentation and classification. After the segmentation, the 

segmented part which is achieved, the features are calculated 

and further used for classification of tumor by different 

techniques. The final step classification concludes that 

whether the person is diseased or not. In this review paper 

our main goal is to present the different brain tumor 

segmentation and classification techniques using MRI 

images. 
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I. INTRODUCTION 

Image processing is widely research area in which medical 

image processing is a highly challenging field. The field of 

medical imaging gains its importance with the increase in 

the need of automated and efficient diagnosis in a short 

period of time. Medical imaging techniques are used to 

image the inner portions of human body for medical 

diagnosis. Brain tumor is serious life altering disease 

condition. So the early detection and recognition of brain 

tumor is vital. One of the primary diagnostic and treatment 

evaluation tools for brain analysis has been magnetic 

resonance imaging (MRI). It has been a widely used method 

of high quality medical imaging, particularly in brain 

imaging where MRI’s soft tissue contrast and non-

invasiveness are clear advantages [1]. Since several new 

methods for treatments are developed this requires more 

money and time. 

The brain is the anterior most part of the central 

nervous system. The function and structure of the brain need 

to be studied non-invasively by doctors and researchers. The 

body is made up of many types of cells. Each type of cell 

has its individual functions. Most of the cells in the body 

grow and the divide in an orderly way to form new cells as 

they needed to keep the body healthy and working properly. 

When cells lose their ability to control their growth, they 

divide too often & without any order. Then these extra cells 

form a mass of tissue called tumor. 

A. Tumor 

Tumor is defined as the abnormal development of the 

tissues. Brain tumor is any intracranial mass created by 

abnormal and uncontrolled cell division. The brain tumors 

can destroy brain cells or damage them indirectly by causing 

inflammation, compressing other parts of the brain including 

edema or by exerting internal pressure as they grow. 

 
(a) 

 
(b) 

Fig. 1: (a) Normal MRI Image and (b) Abnormal MRI 

Image 

B. Types of Brain Tumor 

Brain tumor is classified into three main categories:1) 

Benign 2) Pre-malignant 3) Malignant 

1) Benign Tumor 

By Benign, we generally mean the following: tumor is slow 

growing. It has less probability to come back if it is 

completely removed. Not spread to other parts of the brain. 

It just removed by surgery. 

2) Pre-Malignant 

Pre-Malignant tumor is a pre-cancerous stage. It may lead to 

cancer if it not properly treated. 

3) Malignant 

By Malignant, we generally mean the following: The tumor 

is very fast growing. It has the probability to come back if 

completely removed. It may spread to other parts of brain or 

spinal cord. It need radiotherapy or chemotherapy to try to 

stop it from coming back or slows down its growth. 

C. MRI (Magnetic Resonance Imaging) 

MRI is a medical imaging technique which provides rich 

information about the human soft tissues of the body. It is 

used to produce high quality images of the parts enclosed in 

the human body [2][3]. MRI is useful in neurological(brain), 

musculoskeletal and oxcological(cancer) imaging because it 

offer much greater contrast between diverse soft tissues of 

the body than the computed tomography(CT).MRI is 

different than CT it does not use ionizing radiation but uses 

an effective  magnetic field to line up the nuclear 

magnetization of hydrogen atoms in water in the body.MRI 

uses an attractive intensive MRI field, radiofrequency and 

computer pluses to moderate recorded image of bone & soft 

tissues organs[4]. 
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Fig. 2: (a) CT Scan Image (b) MRI Image 

II. TECHNIQUES FOR SEGMENTATION AND CLASSIFICATION 

FOR BRAIN TUMOR 

A. Otsu Method with Mathematical Morphology 

It analyze the geometric characteristics of images and these 

are used for image segmentation using Otsu method, which 

extract the features of image and analysis is done on the 

basis of it. This method ensures that variance of object and 

the variance of background must be differentiated from the 

variance of the whole image. This method can segment only 

larger objects from the image. 

B. Modified Fuzzy c-means clustering 

Segmentation by using modified FCM overcomes all the 

limitations of FCM [7]. It discards all other unwanted 

regions which have not probability of having tumor. It 

mostly gives the exactly extracted tumor. But it depends 

upon area so all-time not possible to detect the exact tumor.  

Sometimes it considers the skull part or something that is 

connected to brain directly. It always takes the biggest part 

as a tumor which is not true in all cases. 

C. Region Growing Segmentation Method 

Region growing method is popular one of the segmentation 

method. MRI Brain Segmentation is done using region 

growing method for tumor tissues, in which first seed points 

are chosen from abnormal images. The neighboring pixels 

are checked too verify the neighboring pixels are located 

within region or not based on the threshold value and the 

process is repeated until the seed pixels which does not 

belong to any other region is chosen and then the tumor is 

segmented from abnormal image. 

D. K-means clustering with Morphological Filtering 

Segmentation of brain image is imperative in surgical 

planning & treatment planning in the field of medicine. In 

this segmentation of MRI brain image is done by k-means 

clustering algorithms followed by morphological filtering 

which avoids misclustered regions. It is unsupervised 

learning algorithm which can solve clustering problems. In 

this first ‘K’ centers are defined, each for one cluster. Then 

calculate the distance between each data point and cluster 

centre, and assign the data point to cluster centre whose 

distance is minimum and the re-calculate the new cluster. 

This algorithm is fast and robust and easy to understand as 

compared to other methods. Also gives better results. 

E. C-means Clustering Segmentation 

Segmentation is an important process to extract suspicious 

region from complex medical images. C-means clustering 

after optimization gives fast and efficient clustering results 

and analysis is to divide a given set of data into a no of 

clusters which should have the proper to get homogeneity 

and heterogeneity [5]. From this the tumor is extracted from 

MR image & its exact position and shape are determined. C-

means clustering method can be considered as efficient 

method as compared to k-means clustering for overlapped 

dataset. 

F. Support Vector Machine 

SVM is a supervised classifier learning algorithm. It has two 

stages: training and testing. The basic SVM takes a set of 

input data and predicts for each given input which of two 

classes forms the output, making it a non-probabilistic linear 

classifier. Support vector machine is a popular classifier 

which has learning features. SVM classifying technique 

requires a very long training time. SVM is a feed forward 

network. SVM works on the principle of minimizing the 

bound on the errors made by the learning machine over the 

test dataset which were not used during training. SVM 

locates the hyper plane that largely separates the decision 

function into two classes for the difficult dataset. It gives 

accurate results increase the overall accuracy. 

G. Neural Network 

Neural networks are efficient classifiers for tumor 

classification.  The back propagation algorithm is product 

learning rule for a feed forward multilayer neural network 

[6][8]. This algorithm first initializes all neuron weights in 

the network. Inputs are applied to the network and the input 

vector is feed forwarded to determine neuron outputs. The 

outputs are compared with target response and error is 

computed. The overall error is minimized at each stage 

through neuron adjustments. It improves the accuracy of 

brain tumor detection. It has high parallel ability and fast 

computing. Neural network should be trained using learning 

process. 

H. PCA Segmentation 

Principal Component Analysis is used to extract the 

principal features. PCA reduces the large dimensionality of 

data by removing redundant data features [8]. In PCA by 

calculating the mean for each dimensional and then 

difference matrix and covariance matrix. From this Eigen 

vector and Eigen face are calculated. The results are 

calculated in terms of component scores called factor scores. 

III. LAB COLOR SPACE SEGMENTATION 

A lab color space is segmentation technique with color 

opponent space. It has dimension L which indicates that 

lightness and a and b dimensions for color dimensions [10]. 

It is based on CIE XYZ color space coordinates. Lab color 

space can be calculated from the XYZ space. Lab values 

don’t define absolute colors, unless the white point is also 
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specified. By analyzing the L*a*b color space the different 

colors can be identified. 

The following steps for L*a*b Segmentation 

 Step I: Read the Image 

 Step II: Calculate sample colors in L*a*b color space 

for each region. 

 Step III: Classify each pixel using nearest neighbor. 

 Step IV: Display results of nearest neighbor color 

classes. 

 Step V: Display a* and b* values of Labeled colors. 

 
Fig. 3: Segmentation 

The solution to convert digital images from the 

RGB space to the L*a*b color space by given formula: 

L* = 116 f(Y/Yn)-16 

A* =500[f(X/Xn)-f(Y/Yn)] 

B* = 200[f(Y/Yn)-f (Z/Zn)] 

X, Y, Z, Xn, Yn, Zn are coordinates of CIE-XYZ 

color space. The digital images are converted from RGB 

space to CIE-XYZ color space by following formula: 
𝑋
𝑌
𝑍

 = [
0.608 0.174 0.201
0.299 0.587 0.114
0.000 0.066 1.117

] 
𝑅
𝐺
𝐵

 

IV. CONCLUSION 

 
Fig. 3: Graphical representation of performance comparison 

Many image segmentation methods have been developed in 

the past several decades for segmenting MRI brain images, 

but still it remains a challenging task. As we have studied 

various segmentation and classification techniques, its 

merits and demerits of various techniques for brain tumor 

identification is analyzed.  The performance of different 

techniques are illustrated graphically which is shown in Fig. 

3 which shows that it achieves desired level of accuracy. 

There should be more efficient techniques that will segment 

and classify the brain tumor and improve the accuracy. 
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