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Abstract--- Image segmentation is one of the important phases of image processing used in analysing the image. 
Image may be generic or medical. Even though a lot of research has been done on this topic, there is no ideal result
for the task of image segmentation has been found and it till now it is a tough task since the features of the image are 
lot. There are numerous image segmentation techniques available. But among all graph based methods have been 
practically proven to be most effective and are having wider scope for further work. It is simply because graph based 
methods unambiguously classify the image components into a very good mathematical structures which intern 
builds the formulation of the task further flexible and the calculation even more proficient. In this paper, a 
systematic survey of graph based techniques for image segmentation is presented. Firstly, the problem is represented
by means of dividing a graph into a number of sub-graphs so that each divided segment corresponds to a significant
object of interest in an image. These methods are broadly characterized into three types based on the approach:
graph based methods with cost functions, graph based methods based on Markov Random Field (MRF), and the 
shortest path based methods. A detailed technical explanation for each category is given. We used five quantitative 
evaluation indices namely, PR (Probabilistic Rand) index, NPR (Normalized Probabilistic Rand) index, GCE
(Global Consistency Error),BDE (Boundary Displacement Error) and VI (Variation of Information) which played a 
vital role in graph based image segmentation.
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I. Introduction
Image segmentation is a traditional and important task in computer vision. It can be defined as the process of

dividing and sub-dividing an image into numerous separate components called as segments so that each segment
represents a significant fragment of the image. A lot of survey on image segmentation has been done over the past 
few decades. Among them some of the approaches have achieved an amazing achievement and became beneficial in 
some popular applications, few of them are, medical image processing [1,3,18], recognition, image restoration,
object tracking.

Amongst the plenty of image segmentation approaches, many are successful by means of mapping the image 
components onto a structure of graph. After that the image segmentation task is solved in a substantial means by 
using operational tools of theory of graph. The most important advantage of representing the segmentation into a
graph [16] is that it does not need discretization by means of virtuously combinatorial operators and therefore
acquire no errors in discretization. Even though a large amount of work has been doneon image segmentation, we 
have fewer review works in this field. In this paper, a systematic study and survey of many significant graph 
theoretic methods for image segmentation is presented, where the segmentation process is usually modelled by 
dividing a graph (image) into several sub-graphs (segments). In graph theory terminology this divided graph is 
called bi-partite graph.

This paper gives a systematic review of graph theoretic methods which we broadly divide them into three 
categories. (i) Graph based method with cost functions; Here, the different functions for partitioning the graph will 
be used which are cost effective. Just by optimizing these functions, we can achieve an effective and useful image
segmentation. (ii) Graph based methods on Markov random field (MRF) models [17];here the aim is to merge the 
interactive statistics with the softness in the graph cut function. Using this MRF model framework, the optimization 
is attained by using the traditional min-cut/max-flow techniques. (iii) The shortest path graph based technique; here,
for the region of interest, a boundary is defined on a set of shortest paths among the pairs of vertices of a graph. User 
interactions is needed here to monitor the segmentation process. Hence, the process is further flexible and can afford
useful feedback.
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