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Abstract— Image segmentation algorithm plays a role in 

biomedical imaging applications such as the quantification 

of tissue volumes diagnosis, localization of pathology study 

of anatomical structure, treatment planning, partial volume 

correction of functional imaging data, and computer 

integrated surgery.  Various image segmentation techniques 

are discussed in this paper.  Results of various segmentation 

techniques are compared.  Multi atlas based methods gives 

best segmentation results. 
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I. INTRODUCTION 

In general any image can be described by a two-dimensional 

function f(x,y), where x and y represent the spatial 

coordinates and f(x,y) the value at that location. The value 

f(x,y)  are the intensity values for MRI images. A digital 

image can be viewed as a two-dimensional matrix. Each 

element of the matrix is called a pixel (x,y) and it represents 

a discrete value of the feature intensity value: 

I =   f( x, y), 

         X=1,m 

         Y=1,n 

where m and n are the dimensions of the image. 

Image segmentation plays a crucial role in image 

analysis.  Segmentation is the process of partitioning an 

image into non-intersecting regions such that each region is 

homogeneous and the union of no two adjacent regions is 

homogeneous.  Thus,  the segmentation can be described as 

partitioning the image I into S1, S2, …,  Sn segments of 

objects so that 

        n 

I =   Si                                and     Si  Sj =  

     i=1         i ≠ j   

where n is the number of objects of interest. 

Accurate segmentation of medical images is the 

first and important step in diagnosis of disease and during 

radiotherapy & surgery. Various imaging techniques such as 

X-RAY, CT, MRI, PET, SPECT, fMRI, etc are used in the 

analysis of disease.  Each has its own use.  For example, CT 

scan is well suited for analysis of bone related problems 

whereas MRI is provides enormous information about the 

human soft-tissue anatomy.  The techniques available for 

segmentation of medical images are specific to application, 

imaging modality and type of body part to be studied. For 

example, requirements of brain segmentation are different 

from those of thorax. Partial volume effect artifact is more 

in brain whereas motion artifact is more in the thorax. There 

is no universal algorithm for segmentation of all medical 

image. Each imaging system has its own specific 

limitations. For example, bias field noise presents in MRI.  

Segmentation results are affected by the noise, intensity 

inhomogeneity and partial volume averaging.  Noise can 

change the intensity of a pixel so that it causes uncertainty in 

the classification. Intensity inhomogeneity changes intensity 

level of a single tissue class gradually over the extent of the 

image. In partial volume averaging, individual pixel 

volumes contain a mixture of tissue classes and may not be 

consistent with any one class. The main goal in brain MR 

segmentation is to segment tissues (gray matter, white 

matter and cerebrospinal fluid) and brain structures 

(hippocampus, amygdala, putamen, etc.). A number of 

methods are available for segmenting MRI such as classical, 

statistical, fuzzy, model based and neural network 

techniques.   

II. REVIEW OF LITERATURE 

A. Classical Techniques   

Classical techniques include threshold, edge-based and 

pixel-based techniques. These approaches extract tissue that 

is defined by intensity transitions or by gradients of intensity 

transitions and have been used to manually or semi 

automatically outline cortical and subcortical structures.   

Histogram based thresholding techniques suffers from the 

random noise and magnetic field in homogeneities [1]. 

Thresholding is the transformation of an input image / to an 

output binary image g as follows: 

 g(i,j)  = 1 for  f(i,j) >= T, 

   = 0 for  f(i,j) < T  

where T is the threshold, g(i, j) = 1 for image 

elements of objects, and g(i, j) = 0 for image elements of the 

background.   These methods are mainly based on the 

determination of the value T. 

Pixel-based methods have been successful in 

partitioning CSF. A threshold is defined based on the 

histogram of the brain image. Pixels with intensity above the 

threshold belong to a particular Tissue while other pixels 

belong to the other tissue. The intensity in homogeneities 

affects the segmentation results and is the major drawback 

to any automatic method for MR imaging segmentation. 

Hence it is difficult to obtain accurate segmentation 

results[2]. 

Edge based segmentation segments the image 

based on the edges i.e. boundaries which separate distinct 

regions. Edge detection method is based on marking of 

discontinuities in gray level.  This method divides an image 

on the basis of boundaries. It has been implemented using 

Sobel, Prewitt, Canny, Laplacian, etc. operators.  In edge 

based segmentation method, it is required to build the border 

by combining the detected edges into a edge chain.  The 

fake edges and weak edges are eliminated by thresholding 

operation. The performance of edge based methods is 

affected by the noise, boundary gaps and spurious edges.  

Usually these methods will be used along with region based 

techniques to provide complete segmentation.  

B. Fuzzy Clustering & Neural Network Techniques 

Fuzzy clustering is an admirable method for soft 

segmentation [3,4] and the most widely used unsupervised 

algorithm for segmentation of both CT and MR images. 
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Fuzzy set theory provides a number of suitable properties 

for pattern recognition diagnostic system due to its ability to 

deal with uncertainties, vagueness and incompleteness in 

medical diagnosis and prognosis.  Uncertainty of intensity 

data is always in the MRI because of noise, blur in 

acquisition, overlapping of gray-scale intensities and partial 

volume effect. Fuzzy data are always presented in the 

images.  Therefore, fuzzy clustering methods found suitable 

for the segmenting MRI.  Various fuzzy clustering 

techniques such as automated segmentation, fuzzy c-mean 

(FCM), alternative fuzzy c-mean (AFCM) , Novel Fuzzy C-

Means Clustering (NFCM), Fuzzy Local Information C-

Means (FLICM) Clustering Algorithm and Improved Spatial 

Fuzzy C-Means Clustering (ISFCM) algorithm are 

proposed. Fuzzy C-Means (FCM) Clustering is widely used 

clustering approach for image segmentation since it robust.  

FCM algorithm also suffers from noise and outliers. It does 

not provide accurate segmentation for the unequal sample 

sizes.  To overcome this limitation, Wu and Yang [5] 

proposed alternative fuzzy c-means (AFCM) clustering 

algorithm. They showed that the AFCM is gives accurate 

results than FCM for outliers and for different size clusters.  

However, the main limitations of all fuzzy clustering 

algorithms are: (a) depends on initial partition matrix (b) the 

stopping condition (c) result may get jammed at local 

minima. Hence, clustering techniques may not give optimal 

solution.   

The neural network based image segmentation 

techniques can be classified into supervised and 

unsupervised methods.  Supervised methods require expert 

input i.e., training data should be selected by the expert and 

then these training data are used to segment the new images. 

Unsupervised methods are semi or fully automatic. Semi-

automatic methods need expert intervention to improve the 

performance.   The main drawback is that the result depends 

on the expert knowledge.  No human intervention is needed 

in the unsupervised segmentation methods.   All supervised 

methods require a training phase.  Collecting real time data 

for training is very expensive, time consuming and depends 

on the operator. Most of the unsupervised algorithms are 

cluster based and does not need training.  

Bezdek, Pal and Taso [6] extended the ideas of FCM 

and Kohonen neural network, called as Fuzzy Kohonen 

Clustering Network (FKCN). The Kohonen Clustering 

Network (KCN)  is closely associated to the Fuzzy C-Means 

(FCM) algorithms.   Reddick et al. [7] segments MRI using a 

competitive learning algorithm in  Kohonen self-organising 

map.  These methods does not give accurate result in 

segmenting complex structures. 

C. Atlas Based Techniques 

Expert labeled images are used in these methods.  An atlas 

is an intensity image and its expert labeled image pair. The 

new MRI image is registered (mapped) with the intensity 

image of the atlas and then the labels in the atlas intensity 

images are propagated to the new MRI image. Single or 

multiple atlases are used in these approaches. [8,9].  When 

multiple atlases are used, segmentation requires two steps 

viz., segmentation using registration and then fusion.  

Multiple atlas based segmentation gives better result than 

single atlas based segmentation[10]. Among all the 

techniques, atlas methods gives accurate segmentation for 

complex and variable structures also.  Usually a 

preprocessing phase is preceded before the registration 

phase to remove the non-brain tissues and intensity in 

homogeneties. The limitation of this method is that it is very 

hard to segment structures with variable shape and size.  It 

needs expert knowledge and the results depend on the 

proper atlas selection.    

III. RESULTS 

All the implementations are done using Insight 

Development Toolkit[11].   The input image is shown in the 

figure a (Coronal, Sagittal and Axial view). Figure b shows 

the output of the Otsuthreshold filter (insidevalue -100, 

outsidevalue – 150, histogrambins -128).  Figure c shows 

the output of canny edge detection filter with variance 2.3, 

upper threshold 240 and lower threshold 100.  Figure d 

shows the output of Fuzzy CMeans technique.  Figure e 

shows the output of multi atlas method.  Five atlases are 

used and fusion is done using joint label fusion technique 

described by Hongzhi wang,  et. al.[12]  

 
Figure (a)   Figure (b) 

 
Figure (c)   Figure (d) 

 
Figure (d) 

Fig. 1: 
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IV. CONCLUSION 

Automatic segmentation of MRI volumes of the human 

brain is a complex task. The significance of these methods 

will greatly depend on the ease of computation and 

elimination of human intervention.   Classical techniques 

such as thresholding, edge detection is not suitable for 

segmenting MR brain image as it depends on the Threshold 

hold.  Combined fuzzy and neural network techniques are 

quite suited for segmenting MR brain images.  But the atlas 

based methods are outperforms all other methods in 

segmenting the complex brain structures also.  Since the 

atlas based methods need a huge amount of computing 

resources, massive parallelism can be used to overcome this 

limitation. Improving the performance of the atlas based 

methods by incorporating statistical and fuzzy techniques 

are the future directions of the research. 
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