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Abstract - Magnetic Resonance Imaging (MRI) is one of the power full visualization techniques, which is mainly used for 
the treatment of cancer. Magnetic Resonance Imaging is a radiation-based technique which represents the internal structure 
of the body in terms of intensity variation of radiated wave generated by the biological system when it is exposed to radio 
frequency pulses. MRI is mostly adopted by the radiologist for visualization of internal structure of the human body without 
any surgery. Accurate segmentation of MRI image is essential for the diagnosis of brain tumor by computer aided clinical 
tool. Brain tumor detection and segmentation is one of the most challenging and time-consuming task in the domain of 
medical image processing. After appropriate segmentation of brain MRI images, tumor is classified to be either malignant or 
benign, which is a complicated task since complexity varies in proportion to the tumor tissue traits like its shape, size, gray 

level intensities and location. This paper provides a review of segmentation algorithms specifically on brain tumor MR 
Images. 
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I. INTRODUCTION 

 

A brain is the important part of human body and it’s 

the most complex one. Nothing can function without 

brain. Certain diseases of brain can make drastic 

changes in human body and completely turn their life 

upside down. One such disease is Brain tumor. This 

disease can happen to anyone regardless of age. 

 

An Intracranial Neoplasm or BrainTumor occur when 

the cells from within the brain grow abnormally or 
excessively. Tumors can be both cancerous as well as 

non-cancerous. Cancerous tumors are referred as 

malignant and non-cancerous cells are referred as 

benign. When these tumors grow inside brain, it 

creates a pressure that causes brain damage and may 

lead to death. Tumors have been majorly divided into 

two types Primary tumors which originates from 

within the brain, most of primary tumors are benign 

type of tumors which appears as normal tissues when 

viewed thorough microscope and Secondary tumors 

occurs when cancer cells spread to your brain from 
another organ such as lungs or breasts. Even though 

benign tumors are non-cancerous it is still dangerous 

as brain is enclosed in the skull, so these tumors can 

damage the brain tissues. Therefore, proper diagnosis 

and treatment is required for any type tumors. 

 

Image processing is basic step in identifying the 

tumor that helps in proceeding with further 

treatments. Digital Image processing is one of the 

field where we use computer algorithms that helps to 

perform image processing on digital images. 

Choosing Digital Image processing over Analog 
Image processing (in which image processing is the 

task conducted on two dimensional analog signals by 

analog means) has many advantages. Firstly, digital 

image processing provides a wide range algorithm 

compared to analog so we have more choices in 

selecting the best suitable algorithm. Secondly, digital 

processing can avoid buildup of noise and signal 

distortion. Finally, the main advantage is that using 

digital image processing the images can be modeled 

to multi-dimensional image which is not possible 

with analog image processing 

 

II. SURVEY OF TUMOR 

 

Identification of accurate tumor area has greater 

importance. In United States an estimation of 23,800 
adults will be diagnosed with primary brain tumors 

which accounts for 85% to 90% of all primary CNS 

tumors. In 2013, approximately, 4,300 children 

younger than age20 were diagnosed with primary 

brain tumors, of 3,000 were under age15.The 

malignant type of cancers can lead to people’s death. 

Some cancers can be removed but some cannot. So, 

from past few decades’ doctors are trying to treat 

people with these dangerous cancerous cells. Brain 

tumor is most treatable and curable if detected in 

early stages of growth of abnormal tissues in brain. 
Brain tumor segmentation is the crucial step amongst 

the whole of digital image processing. There are 

many algorithms that is been used to segment the 

tumor more efficiently and it has been the key interest 

of researcher in recent times realizing the importance 

in detecting the exact tumor area. 

 

III. SEGMENTATION METHODS 

 

REGION BASED SEGMENTATION 

METHODS: This method is based on segmented an 

image on the basis of similar characteristics of the 
pixels. Region Based segmentation   method   is   

further   divided   into   two categories, one is Region 

Growing and the second is Split and Merge. 

CLUSTERING BASED SEGMENTATION 

METHODS: This technique segment the image into 
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clusters with same characteristics. Data clustering is 

the method that divides the data elements into clusters 
such that elements in same cluster are more similar to 

each other than others. 

PARTIAL DIFFERENTIAL EQUATION BASED 

SEGMENTATION METHODS: The partial 

differential equation based methods are the fast 

methods of segmentation. These are appropriate for 

time critical applications. Basic PDE methods are: 

non-linear isotropic diffusion filter (used to enhance 

the edges) and convex non-quadratic variation 
restoration (used to remove noise). 

ARTIFICIAL NEURAL NETWORK BASED 

SEGMENTATION METHODS: A neural network 

is an artificial representation of human brain that tries 

to simulate its learning process .An artificial neural 

network is often called a neural network or simply 

neural net. 

 

 
Fig.1. Image segmentation Methods 

 

IV. LITERATURE REVIEW 

 

An automated brain tumor segmentation method was 

developed and validated by Michael R. Kaus against 

the manual segmentation with three-dimensional 

magnetic resonance images in 20 patients with 
meningiomas and lowgrade gliomas. The automated 

method (operator time, 5–10 minutes) allowed rapid 

identification of brain and tumor tissue with an 

accuracy and reproducibility comparable to those of 

manual segmentation (operator time, 3–5 hours), 

making automated segmentation practical for low-

grade gliomas and meningiomas [1]. 

 

Jin Liu provided a comprehensive overview of MRI- 

based brain tumor segmentation methods. Firstly, a 

brief introduction to brain tumors and imaging 
modalities of brain tumors is given. Then, the 

preprocessing operations and the state of the art 

methods of MRI-based brain tumor segmentation are 

introduced. Moreover, the evaluation and validation 

of the results of MRI-based brain tumor segmentation 

are discussed. Finally, an objective assessment is 

presented and future developments and trends are 

addressed for MRI-based brain tumor segmentation 

methods [2]. 

 

Stefan Bauer provided a comprehensive overview by 

giving a brief introduction to brain tumors and 
imaging of brain tumors first. Then we review the 

state of the art in segmentation, registration, and 

modeling related to tumor-bearing brain images with 

a focus on gliomas. The objective of segmentation is 

outlining the tumor including its sub-compartments 

and surrounding tissues, while the main challenge in 

registration and modeling is the handling of 

morphological changes caused by the tumor. The 

qualities of different approaches are discussed with a 

focus on methods that can be applied to standard 

clinical imaging protocols. 
 

Finally, a critical assessment of the current state is 

performed, and future developments and trends are 

addressed, giving special attention to recent 

developments in radiological tumor assessment 

guidelines [3]. 

 

Sajid Iqbal proposed network uses BRATS 

segmentation challenge dataset which is composed of 

images obtained through four different modalities. 

Accordingly, we present an extended version of 
existing network to solve segmentation problem. The 

network architecture consists of multiple neural 

network layers connected in sequential order with the 

feeding of Convolutional feature maps at the peer 

level. Experimental results on BRATS 2015 

benchmark data thus show the usability of the 

proposed approach and its superiority over the other 

approaches in this area of research [4]. 

 

Brain magnetic resonance image (MRI) segmentation 

is a complex problem in the field of medical imaging 

despite various presented method. MRI image of 
human brain can be divided into several sub-regions 

especially soft tissues such as grey matter, white 

matter and cerebrospinal fluid the combinatorial 

algorithm provide a solution to overcome the 

associated challenges of segmented brain MRI. 
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Asymmetry analysis of brain has great importance 

because it is not only indicator for brain cancer but 
also predict future potential risk for the same. Nilesh. 

L. Shimpi concentrated to segment the anatomical 

region of the brain, divide the two halves of the brain 

and to detect each half for the presence of a tumor. 

Bilateral and mathematical analysis using Laplacian, 

gradient operator operates on real pictures, and the 

results show that the algorithm is flexible and 

convenient [5]. 

 

Munmun Saha reviewed various methods of 

segmentation and its application in medical image 

processing i.e. MRI image Ultrasound Image etc., we 
have focused on Brain Tumor MRI image. Recent 

medical imaging research faces the challenge of 

detecting brain tumor through MRI(Magnetic 

Resonance Image). There is a high diversity in the 

appearance of tumor tissue among different patients 

and in many cases similarity with the usual tissue. 

They have used MRI because it provides accurate 

visualize the anatomical structure of the tissue. In this 

paper, a various method that has been used for 

segmentation of MRI for detecting brain tumor is 

reviewed [6]. 
 

Sahil J Prajapati proposed Nonnegative Matrix 

Factorization method which is mainly used as an 

uninterruptable decomposition approach for detection 

of tumor and to further classify into various types and 

also for feature extraction. NMF aims to find two 

non- negative matrices whose product closely 

approximates the original matrix. NMF contains all 

matrices to contain only non-negative elements and 

the NMF results show no cancellations, linear 

superposition only and considerable sparsity [7] 

In preprocessing the image patches are extracted and 
gray level sequence of image patches are obtained 

which is considered as input to deep learning 

network. Deep learning-based classification is 

implemented using a stacked auto encoder network 

that extracts the high level abstract feature from the 

input. Post- processing is implemented after the 

classification result is mapped to binary image, by a 

morphological filter to get the final segmentation 

outcome. The experiment is applied on to segment 

real patient’s brain tumor dataset. The proposed 

method, “A Deep Learning Based Segmentation 

method for Brain Tumor in MRI”[8]automatically 
segments brain tumor, learns a deep nonlinear 

network, realizes approximation of complex function 

and describes input data distribution. Segmentation 

results have increased by integrating stacked 

denoising auto encoder into segmentation procedure. 

It gives higher classification accuracy, good matching 

rate and more stabled result. 

 

“Pixel Classification based Brain MR Image 

segmentation” presents the segmentation of brain MR 

images into four classes namely background, Cerebra 
spinal fluid, grey and white matter. This method also 

accomplishes an accurate segmentation of tumor in 

brain. The inter class distances are compared for 

classifying the pixel invarious classes. The author has 

ensured average Jaccard Index and dice coefficient of 

0.8173 and 0.8952 respectively. The result of this 

proposed method has proven that the segmentation 

accuracy is good for images which have no noise or 

inhomogeneity. 

 

V. SUMMARY OF REVIEW TECHNIQUES 

 

SEGMENTATION 

METHODS 

TECHNIQUE 

DESCRIPTION 
ADVANTAGES DISADVANTAGES 

HISTOGRAM METHOD 

This segmentation process 
mainly needs that the 

histogram of the picture 

has numerous peaks, 

where each relates to a 

specific region. 

It normally doesn’t require 
a previous information of 

the image. And it includes 

fewer calculation 

complexity. 

1) Basically for an 

image without some 

noticeable peaks or the 

image with wide and even 
valleys, this technique 

does not works fine. 

2) This technique does 

not reflect the facts, so it 

is not able to assure that 

partitioned regions are 

contiguous. 
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REGION BASED METHODS 

Group Pixels into 

homogeneous regions. 

Includes region merging, 

region splitting, region 

growing or their 

combinations. 

It works best when the 

region homogeneity 

standard is quite simple to 

describe. This technique 

first removes noise and 

then detects the edges 

1) The biggest 

drawback is that this 

technique is quite costly 
both in memory 

management and time 

used in computations; 

2) This technique has a 

characteristic dependency 

on the variety of seed 

region and the way in 

which regions and pixels 

are studied; 

EDGE BASED METHODS 

Based on the recognition 

of discontinuity, basically 
efforts to locate points 

with more or less abrupt 

changes in gray level. 

Edge detection technique 

is the method in which 

human notices things and 
works well for images 

having fine difference 

between regions 

1) It does not work fine 

with images in which the 

edges are not properly 

defined or there are many 
edges; 

2) It is not a 

insignificant job to 

crop a closed curve or 

boundary; 

 

FUZZY METHODS 

Fuzzy operators, 

mathematics, Properties 

and inference rules, 

provide a way to handle 

the uncertainty inherent in 

a diversity of problems 

due to ambiguity rather 

than randomness. 

Fuzzy membership 

function can be used to 

represent the degree of 

some properties or 

linguistic phrase, and 

fuzzy IF-THAN rules can 

be used to perform 

approximate inference 

1) The determination of 

fuzzy membership is not a 

small job; 

2) The computation 

involved in fuzzy 

approaches could be 

intensive 

NEURAL NETWORK 

METHODS 

 

Using neural networks to 

perform classification or 

clustering 

No need to write 
complicated programs. 

Can fully utilize the 

parallel nature of neural 

networks. 

1) Training time is long; 
2) Initialization may 

affect the result; 3) 

Overtraining should be 

avoided. 

DEEP LEARNING BASED 

SEGMENTATION 

Deep learning-based 

classification is 

implemented using a 

stacked auto encoder 

network that extracts the 

high level abstract feature 

from the input. Post-

processing is done after 
the classification is 

mapped to binary image, 

by a morphological 

filter to get the final 

segmentation. 

Automatically segment 

brain tumor, can learn 

deep non-linear network, 

realizes the approximation 

of complex function and 
describes input data 

distribution. 

1) Training time is 

long; 

2) Cost is high; 
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PIXEL CLASSIFICATION 
BASED SEGMENTATION 

The inter class distances 

are compared for 

classifying the pixel in 

various classes. The 

author has ensured 
average Jaccard Index and 

dice coefficient of 0.8173 

and 

0.8952 respectively. 

Better accuracy for images 

having no noise or 

inhomogeneity, future 

expansion-estimating 
Mean and Variance by 

assuming Rician 

distribution. 

1) It does not work fine 

with images in which the 

edges are not properly 

defined or there are many 
edges; 

2) Less resistant to noise 

than other 

techniques. 

 

VI. PEFROMANCE METRICS 

 

Metrics used to evaluate the algorithms are 

 

1. MSE 

2. PSNR  

3. Senstivity  

4. Specificity 
5. Accuracy 

 

The formula used to calculate metrics are 

 

 
 

CONCLUSION 

 

Brain Magnetic Resonance Image (MRI) 
segmentation is a complex problem in the field of 

medical imaging despite various methods. MRI 

image of the human brain can be divided into several 

sub-regions especially soft tissues such as grey 

matter, white matter and cerebrospinal fluid the 

combinatorial algorithm provides a solution to 

overcome the associated challenges of segmented 

brain MRI. In this paper, the summary of each of the 

techniques reviewed is listed in the form of table. 

Various methods of brain tumor segmentation. i.e. 

Histogram Methods, Region Based Methods, Edge 
Based Methods, Fuzzy Methods, Neural Network 

Methods, Deep Learning Based Segmentation, Pixel 

Classification Based Segmentation have been 

analyzed. 
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