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                                                                              Abstract 
Image segmentation is the process of partitioning an image into multiple segments, so as to change the representation 
of an image into something that is more meaningful and easier to analyze. Several general-purpose algorithms and 
techniques have been developed for image segmentation. Images are considered as one of the most important medium 
of conveying information, in the field of computer vision, by understanding images the information extracted from 
them can be used for other tasks. In the computer vision domain and image analysis several important researches can be 
performed in the segmentation of video with dynamic background. Image segmentation is most of judging or analyzing 
function in image processing and analysis. Image segmentation refers to partition of an image into different regions that 
are homogenous or similar and inhomogeneous in some characteristics. This paper describes the image segmentation 
methods in the field of computer vision. 
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1.  Introduction  

 
Image processing refers to processing of a 2D picture by a computer. An image is defined in the “real 
world” is considered to be a function of two real variables. An image is an array, or a matrix, of square 
pixels (picture elements) arranged in columns and rows, which identifies a point in the image and the 
corresponding matrix element value identifies the gray level at that point. Image processing is a method to 
convert an image into digital form and perform some operations on it, in order to get an enhanced image or 
to extract some useful information from its image domain [1].Image Segmentation is the process of 
partitioning a digital image into multiple regions or sets of pixels. Actually, partitions are different objects 
in image which have the same texture or color. The result of image segmentation is a set of regions that .All 
of the pixels collectively cover the entire image, or a set of contours extracted from the image in a region 
are similar with respect to some characteristic or computed property, such as color, intensity, or texture. 
Image segmentation is the first step and also one of the most difficult tasks of image analysis, which has 
objective of extracting information which is represented in the form of data from image via image 
segmentation, feature measurement and object representation. The result of segmentation of image is 
considerably depends on the accuracy of feature measurement. Image segmentation is the computer-aided 
so that the computerization of medical image segmentation plays an important role in medical imaging 
applications. Image segmentation process that subdivides an image into its constituent parts and extracts 
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those parts of interest or objects. Automatic image segmentation also done but the most critical task is that 
the segmentation result affect all the subsequent processes of image analysis [4].Image (and video) 
segmentation is a critical step of image analysis occupying the middle layer of image engineering, which 
means it is influenced not only from data but also from human factors. Image analysis having the feature 
measurement, object representation and description, and even the higher level tasks such as object 
classification and scene interpretation [3].  
 
 
2. Image Segmentation Methods 
 
2.1 Mean shift method 
 Is a non-parametric feature-space analysis technique, a so-called mode seeking algorithm. Mean shift is a 
procedure for locating the maxima of a density function given discrete data sampled from that function. It 
is useful for detecting the modes of this density. This is an iterative method, and we start with an initial 
estimate x. Let a kernel function �(�� − �)be given. This function determines the weight of nearby points 
for re-estimation of the mean. Typically Gaussian kernel on the distance to the current estimate is 

used,		�(�� − �) = 	
�∥�
∥�
�
 . The weighted mean of the density in the window determined by k is	 

 

�(�) =
∑��	∈�(�)�(�
)�

∑��	∈�(�)�(�
)
   (1) 

Where �(�)is the neighborhood of x, a set of points for which k(x) ≠0. The MS algorithm is a robust 
feature-space analysis approach which can be applied to discontinuity preserving smoothing and image 
segmentation problems. It can significantly reduce the number of basic image entities, and due to the good 
discontinuity preserving filtering characteristic, the salient features of the overall image are retained. The 
latter property is particularly important in the partitioning of natural images, in which only several distinct 
regions are used in representing different scenes such as sky, lake, sand beach, person, and animal, where 
as other information within a region is often less important and can be neglected. However, it is difficult to 
partition a natural image into significative regions to represent distinct scenes, depending only on the MS 
segmentation algorithm. The main reason is that the MS algorithm is an unsupervised clustering-based 
segmentation method, where the number and the shape of the data cluster are unknown a priori. Moreover, 
the termination of the segmentation process is based on some region-merging strategy applied to the 
filtered image result, and the number of regions in the segmented image is mainly determined by the 
minimum number of pixels in a region, which is denoted as M (i.e., regions containing less than M pixels 
will be eliminated and merged into its neighboring region) [5].  
 

2.2 Edge based segmentation 
In edge based segmentation technique boundary on an image or an edge is defined by the local pixel 
intensity gradient. An estimation of the first order derivative of the image function is called a gradient. The 
magnitude of the gradient for a given image f(x,y) can be calculated as 
 

� = ���� + ���   (2) 

 
The direction of gradient is represented as 
 
� = ����2(��, ��)                  (3) 
 
Here, gradients in directions x and y are expressed as Gx and Gy. Edge-based techniques are fast in 
computation and usually in this approach a priori information about image content is not required. The 
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most general problem of this approach is that often the edges do not enclose the object completely. In this 
segmentation technique the direction and magnitude can be presented as images. A post processing step of 
linking or grouping edges is required to structure closed boundaries neighboring regions. Weighed 
summation of the pixel intensities in a small neighborhood can be represented as a numerical array in this 
method which is called as kernel/ window/mask. In a two 3X3 mask the following matrices are used. 
																−1 			0 +1
�� = 					−2 			0 +2
																−1 			0 +1

   (4) 

 
 
																+1 +2 +1
�� = 									0 			0 			0
																	−1 −2 −1

   (5)	

 
To compute Gx and Gy, first and second mask are used respectively. Finally, joining Gx and Gy using the 
mentioned equation, gradient magnitude image is obtained [6]. 

2.3 Watershed technique 
A grey-level image may be seen as a topographic relief, where the grey level of a pixel is interpreted as its 
altitude in the relief. A drop of water falling on a topographic relief flows along a path to finally reach a 
local minimum. Intuitively, the watershed of a relief corresponds to the limits of the adjacent catchment 
basins of the drops of water. 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. Watersheds may 
also be defined in the continuous domain. There are also many different algorithms to compute watersheds. 
For a segmentation purpose, the gradient magnitude (i.e., the length of the gradient vectors) is interpreted 
as elevation information. Watershed transformation also called, as watershed method is a powerful 
mathematical morphological tool for the image segmentation. It is more popular in the fields like 
biomedical and medical image processing, and computer vision [7]. In geography, watershed means the 
ridge that divides areas drained by different river systems. If image is viewed as geological landscape, the 
watershed lines determine boundaries which separate image regions. The watershed transform computes 
catchment basins and ridgelines (also known as watershed lines), where catchment basins corresponding to 
image regions and ridgelines relating to region boundaries [8]. Segmentation by watershed embodies many 
of the concepts of the three techniques such as threshold based, edge based and region based segmentation. 

3. Normalized Cuts 
The Ncut method can be considered as a classification method. In most image segmentation applications, 
the Ncut method is applied directly to the image pixels, which are typically of very large size and thus 
require huge computational complexity. For example, to use the Ncut method in a gray image has to be 
decimated into a size of 160× 160 pixels or smaller. In summary, it is difficult to get real-time 
segmentation using the Ncut method. In the proposed method, the Ncut method is applied to the segmented 
regions instead of the raw image pixels. As such, it eliminates the major problem of the Ncut method that 
requires prohibitively high complexity. By applying the Ncut method to the preprocessed regions rather 
than the raw image pixels, the proposed method achieves a significant reduction of the computational cost 
and, therefore, renders real-time image segmentation much more practically implemental. On the other 
hand, due to some approximation in the implementation of the Ncut method, the segmentation processing 
of a graph exploiting the lower dimensional region-based weight matrix also provides more precise and 
robust partitioning performance compared to that based on the pixel-based weight matrix. In the 
normalized cut framework, we also model the image into a graph. We model each pixel of the image as a 
node in the graph, and set an edge between two nodes if there are similarities between them. The 
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normalized cut framework is composed of two steps: similarity measurement and normalized cut process. 
The first step should be combined with feature extraction. The purpose of this step is to compute the 
similarity between pixels and this value is set as the weight on the edge. In order to model all the 
similarities of an image, all pair of pixels will contain an edge, which means if an image contains N pixels, 
there will be totally (N-1)N /2 edges in the corresponding graph. This kind of graph is called “complete 
graph” and needs a large memory space. To simplify the problem, sometimes we set edges between two 
nodes only when their distance is smaller than a specific threshold. A graph G (V, E) can be partitioned into 
two disjoint sets, A, B, A ∪ B = V, A ∩ B = ∅	by simply removing edges connecting the two parts. The 
degree of dissimilarity between these two pieces can be computed as total weight of the edges that have 
been removed. In graph theoretic language, it is called the cut 

The normalized cut then could be defined as: 

�*+�(,, -) = 	 �./(0,1)

2334�(0,5)
+ �./(0,1)

2334�(1,5)
  (6)    

 
Cut (A, B) = Summation of edge weights associated with the cut.  
Assoc (A, V) = Summation of edge weights associated with all the points in A [8].  

3.1 Min-cut/max-flow algorithm for graph cuts 

The energy minimization procedures for machine vision and automated image segmentation are explored 
by Boykov and Kolmogorov in [8]. Based on augmenting paths, the min-cut/max flow algorithm is 
presented with two reusable and non-overlapping search trees- S: from source s and T: from sink t. Tree S 
has the direction of non-saturation from parent node to children and tree T has non-saturation from children 
to parent node. There can be active or passive node in S or T 
based on outer border and internal border respectively. Free nodes are those who are not in S or T 
considering the conditions 6 ⊂ 8, 9	 ∈ 6, : ⊂ 8, � ∈ :,	 6 ∩ 	: = ∅. The graphical illustration of this new 
algorithm is shown in figure 
 

 

Figure1. Example of the min-cut/max-flow algorithm in graph cuts segmentation [9]. 
 
Red nodes indicate search tree S, blue nodes represent search tree T and yellow line is for the path from the 
source s to sink t. Free nodes are represented as black circle while active node is by A and passive node is 
by P. The combination of minimum s-t cut and maximum flow optimizations is accomplished with three 
steps-growth, augmentation and adoption in the segmentation procedure [9]. 

4. Graph Cut Method 
Graph cuts method has attracted a lot of attention for image segmentation. The graph cuts method is one of 
minimizing energy functions elegantly expressed as MRF (Markov random field), and the energy function 
consists of two terms; the first term, called data term, is to globally capture the characteristics of an image 
in feature space, and the second term, called smoothness term, is to preserve spatial information in an 
image domain. Thus, the graph cuts-based   approach can combine abovementioned two approaches, 
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clustering in feature space and preserving spatial relationship in image domain. As applied in the field of 
computer vision, graph cuts can be employed to efficiently solve a wide variety of low-level computer 
vision problems (early vision), such as image smoothing, the stereo correspondence problem, and many 
other computer vision problems that can be formulated in terms of energy minimization. Such energy 
minimizations problems can be reduced to instances of the maximum flow problem in a graph (and thus, by 
the max-flow min-cut theorem, define a minimal cut of the graph). Under most formulations of such 
problems in computer vision, the minimum energy solution corresponds to the maximum a posteriori 
estimate of a solution. Although many computer vision algorithms involve cutting a graph (e.g., normalized 
cuts), the term "graph cuts" is applied specifically to those models which employ a max-flow/min-cut 
optimization (other graph cutting algorithms may be considered as graph partitioning algorithms)."Binary" 
problems (such as denoising a binary image) can be solved exactly using this approach; problems where 
pixels can be labeled with more than two different labels (such as stereo correspondence, or denoising of a 
grayscale image) cannot be solved exactly, but solutions produced are usually near the global optimum. 
The theory of graph cuts was first applied in computer vision in the paper by Greig, Porteous and Seheult 
of Durham University. In the Bayesian statistical context of smoothing noisy (or corrupted) images, they 
showed how the maximum a posteriori estimate of a binary image can be obtained exactly by maximizing 
the flow through an associated image network, involving the introduction of a source and sink [10]. 

 
 

 
 

Figure 2. graph cut for image segmentation (source and sink) [11]. 
 
Notations: 

• Image: � ∈ ;<, �, -=> 

• Output: Segmentation (also called opacity) S ∈ ;R=A (soft segmentation). For hard segmentation 
S ∈ ;	0	for	background	, 1	for	foreground/object	to	be	detected	= 

• Energy function: Q(�, 6, R, S)where C is the color parameter and λ is the coherence parameter.  

• Q(�, 6, R, S) = Q�4T4U +	Q�4VWUWX�W 

Optimization: The segmentation can be estimated as a global minimum over 6: �Z[�\�]Q(�, 6, R, S) [10]. 
 
5. Conclusion 
With the numerous amounts of image segmentation techniques presented in this paper, the selection of 
segmentation approach depends on what quality of segmentation is required. Further, it also depends on 
what scale of information is required. From the above study of the various segmentation methods, it is 
observed that the graph cut approach gives the better segmentation to any of the arbitrary shapes. 
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