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Abstract: This work deals with the graph based segmentation of image using intensity, color and texture feature model. Graph 
cut is one of the most efficient segmentation techniques which consider spatial feature models based on intensity, color and 
texture to get Eigen vector decomposition for image segmentation. This paper focuses on the use of a weighted Euclidean 
distance based on each feature model to calculate the edge weight matrix for graph cut image segmentation, which gives 
prominent results for color feature model. 
 
Keywords— Graph based image segmentation, Weighted Euclidean distance. 
 
 

I. INTRODUCTION 
 
The image segmentation task is to divide an image 
into regions of interest which are suitable for machine 
or human operations. The machine ability of 
recognizing and distinguishing objects, is the main 
goal of computer vision domain. 
It is an important step in high-level processing 
techniques such as object detection and recognition 
and is an important research area. 
 
Wide studies have been accomplished for image 
segmentation. The segmentation algorithms are 
commonly categorized according to the image 
characteristics borders and regions (Gonzales & 
Woods, 2000). In image borders segmentation, the 
image is divided based on its discontinuities, i.e., the 
places where small intensity changes occur. 
Regarding to the region segmentation, this happen 
when there are similarities of color or texture, In spite 
of these categories, the problem is to find a good 
partitioning of an image among several possible to be 
achieve. 
 
A rich amount of literature on image segmentation has 
been published over the past decades. Early edge 
detection methods such as the Robert edge detector, 
the Sobel edge detector and the Canny edge detector 
are based on the small changes in image intensity or 
color feature. Due to the distinguishable features of the 
objects and the background, a large number of 
thresholding based methods have been introduced to 
extract the objects from the background. Region 
splitting and merging is another popular category of 
image segmentation methods, where the segmentation 
is done in an iterative manner until some uniformity 
criteria are satisfied. The Mean Shift approach is 
based on finding compact clusters in feature space 
where an image is translated into feature space. Here a 
type of nonparametric method-kernel density 

estimation is used to model the features. Then the 
image segmentation problem can be considered as a 
clustering problem finding the modes of the density 
function and assigning points to the modes. In this 
technique a large number of small regions are 
produced, therefore some region merging algorithm is 
applied to cater this effect. In Minimal spanning tree 
graph based methods: the clustering or grouping of 
image pixels are performed on the minimal spanning 
tree where the connection of graph vertices satisfies 
the minimal sum on the defined edge weights, and by 
removing edges form different sub-graphs the 
partition of a graph is achieved . 
 
Graph cuts are one of the most promising approach for 
image segmentation. Graph based methods helps in 
image perceptual grouping and organization using 
image features like color, texture and spatial 
information. In graph theoretic definition, the input 
image is converted into an undirected graph with 
image pixels as its nodes. The edge weighting is 
calculated by taking into account degree of similarity 
or dissimilarity between each image pixels. Then a 
graph-partitioning algorithm is applied to partition 
the graph. Existing segmentation methods include 
Ratio cuts, Ratio Regions, Mean cut, average cuts, 
minimum cuts and normalized cuts. The normalized 
cuts method was proposed to solve the perceptual 
grouping problem in optimal image segmentation 
which results in segmented image obtained the 
partitioned graph.  
 
In several works, the image model used is the 
similarity graph built by taking each image pixel as a 
node. In this case, the node pairs within a given radius 
r are connected by an edge. This graph will be 
explained in the next section. Monteiro & Campilho 
(2008) proposed the Watershed Normalized Cut, 
which uses the regions from the Watershed image 
segmentation as nodes for the similarity graph. The 
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Watershed region similarity graph is either used by 
Carvalho et al. (2009)for comparison with the 
primitive pixel affinity graph in yeast cells images 
segmentation. Ma &Wan (2008) used Watershed 
based similarity graphs to segment texture images. 
  
The primitive normalized cut enhancement was also 
studied and applied by many researchers. Cour et al. 
(2005) proposes a Normalized Cut adaptive that focus 
on the computational problem created by long range 
graphs. The authors suggested the use of multiscale 
segmentations, decomposing a long range graph into 
independent subgraphs. The main contribution of this 
technique is that larger images can be better 
segmented with a linear complexity. Sun & He (2009) 
proposed the use of the multiscale graph 
decomposition, partitioning the image graph 
representation at the finest scale level and weighting 
the graph nodes using the texture features. 
 
Tao et al. (2008)proposed a new image thresholding 
technique using the normalized cut. The graph 
similarity matrix proposed is now based on pixel gray 
levels, reducing the matrix size and the computational 
cost. So, a new matrix M is created, where M(i, j) = 
Cut(Vi,Vj) with i and j being two given gray levels. 
Using this matrix, the normalized cut is then 
calculated to each threshold value, If the normalized 
cut related to a given threshold value t is below a 
prespecified value, this threshold value is adequate to 
separate the objects from the background in this 
image. 
 
In papers, the foreground is extracted from 
background using colour and texture features model of 
image and minimum cuts algorithm is used as graph 
cuts. Texture feature extraction is made by textons 
computation in while colour feature extraction is done 
by using RGB colour model. Here, colour model. RGB 
does not provide a good human perception of colours 
which should be considered while using graph cuts. 
Also, minimum cuts algorithm does not work for 
isolated nodes in graph.  
 
In our method, Lab colour space is used for better 
human perception of colours as it is specifically 
designed for this purpose. Also the normalized graph 
cuts algorithm is used to cater the effect of isolated 
nodes, which is ignored by minimum cuts algorithm 
and for optimum partitioning of graph. 
Graph cuts Segmentation is highly dependent on 
optimum calculation of weights on edges ay the time 
of graph development. Different methods have been 
discussed in this regard to accomplish this essential 
step. With this in view, edge weighting is made by 
considering brightness, color and texture feature 
model of an image simultaneously. Berkeley 

segmentation database is used to experiment on our 
algorithm. 
 
II. SEGMENTATION ALGORITHM 
 
The input image is first transformed into a weighted 
undirected graph G(V,E), where V = {v1, v2, v3, ..., 
vm×n} is set of nodes and the set of edges between 
nodes is represented by E.   we construct the graph 
G=(V,E) by taking each pixel as a node and define the 
edge weight between node i and j as the product of a 
feature similarity term and spatial proximity term A 
vital step in the graph cuts based method is the 
optimum computation of similarity matrix as graph 
partitioning part totally counts on it. Local image 
features like brightness, color and texture are consider 
as approximate the likelihood of neighboring pixels to 
belong a common segment.  Different types of images 
can have different type of local features in rich 
amount. For example, in gray scale images like 
medical images, the intensity characteristics cover 
most of the information. On the other hand in natural 
images, the color feature is dominant There are 
different color spaces i.e., RGB, HSV and Lab etc, it is 
very important thing the choice of proper color space. 
Regardless of gray level or color information, texture 
is an important feature, which provides strong base to 
interpret images. 
 
A. Image feature models 
Image feature models is define using brightness, color 
and texture for development of similarity matrix or 
affinity matrix . 
1) Brightness feature  Model:  
Construct a weighted graph G=(V,E) by taking each 
pixel as a node and connect each pair of pixels by an 
edge. The weight on that each edge should reflect the 
likelihood that the two pixels belong to one object. 
Considering  just the brightness value of the pixels and 
their spatial location, we can define the graph edge 
weight connecting the two nodes i and j. intermediate 
brightness similarity matrix  can be calculated as: 
              

------------- (1)
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In equation (1),  and are the 
Euclidean distances in intensity and spatial domains 
respectively.  is the intensity value while is the 
spatial location of node  . is the Euclidean norm. 

 and β are the positive free factors to adjust the gray 
level and position impact on calculation of weights.  
controls the influence of number of local vertices 
taking part in edge weight calculation.  
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2) Color feature Model: 
In optimal segmentation related on color feature 
model, the perceptual color differentiation and 
Euclidean distance in color space are linked together. 
Lab color space has been specifically designed to 
keenly approximate the human vision perception. L 
component which is luminance, matches the human 
perception of brightness. a and b are the chromaticity 
components. The intermediate color similarity 
matrix   using Lab color space can be calculated as: 

----------------- (2)
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 Here    is the color feature 
vector for node  
 
3) Texture feature Model:   
In both image types  (natural color images and gray 
scale), texture holds substantial information to 
analyze the image. Julesz introduced the term texton. 
Texton are used widely to analyze images Julesz 
introduced the term texton. Textons are used widely to 
analyze the images. There are three steps to realize 
texton as their feature (1) filter bank,  (2) K-means 
algorithm, and (3) histogram as texton we have  filter 
bank of 48 filters with multi scale, multi orientation. It 
consists of first and second derivatives of Gaussians at 
6 orientations and 3 scales making a total of 36; 8 
Laplacian of Gaussian (LOG) filters; and 4 Gaussians. 
Which gives a 48 dimension vector for each pixel as 
their feature. Then k-means algorithm is applied to 
catalog these feature representations into a fixed 
number of groups (Each group is called texton) later 
the kth  texton-index histogram bin for pixel vi is 
computed in a sliding window  J(vi). There are K 
number of bins per histogram, one for each texton 
channel.  
This can be written as: 

( ) ( )
( )

h k I T v kvi jj j vi
 


                 (3) 

                    Where T(vj) is the texton assigned to pixel vj and I[·] 
is the indicator function. The pair wise distance 
between two histograms  and  at pixels vi and 
vj, respectively, 
Can be calculated as: 

2
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Now the intermediate texture similarity matrix Wt for 
texture feature can be calculated as: 

2( , ) exp ( , ) /W v v X h ht i j vi vj                       (5) 

 
III. GRAPH PARTITIONING USING 

NORMALIZED GRAPH CUTS 
FRAMEWORK: 

 
Similarity matrixes Wb, Wc and Wt is used to build 
the required graph G(V,E) for each feature model. 
This graph is then partitioned using normalized graph 
cuts framework . Normalized graph cuts framework is 
used to get optimal partitions through recursive 
bisections of each feature model graph G(V,E) . Let W 
be the association matrix, i.e. Wij is the weight 
between nodes i and j in the graph. Let D be the 
diagonal matrix such that , i.e. Dii is the 
sum of the weights of all the connections to node i . 
Weight matrix W is used to find the different 
components of a generalized eigenvector system. The 
eigenvectors of the Laplacian matrix are obtained 
from the solution of the following equation: 
                 ( )D W y Dy    

   { , }m ny a b   is an indicator vector to indicate the 
identity of pixels towards their group. Here y avi    if 

1v Vi      and y bvj     if 2vj V  λ represents the 

eigen values which give eigenvectors to partition the 
graph. Using second smallest eigenvector, optimized 
partition is calculated and graph is partitioned into 
two parts. From these partitions of graph, the 
segmented image is obtained. 
 
IV. RESULTS AND DISCUSSION 
 
Variety of gray scale and natural color images are used 
to test the performance of proposed algorithm. 
Berkeley segmentation database with images of size 
50× 50 and their ground-truth is used to test our 
algorithm. Simulations are performed using Matlab. 
To compute the intermediate weight matrices, 
Euclidean distance in spatial domain or connection 
radius of graph is taken as √2.It indicates that we are 
considering only immediate neighbor pixels to 
calculate the graph due to their major contribution in 
describing similarity/dissimilarity between pixels. 
Parameters α, β and  are taken as 0.5, 0.8 and 1 
respectively. 
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Fig. 1: (A) Original images (B) Segmentation using 
proposed method considering individual image 
feature brightness Wb  for gray scale (C) 
Segmentation using proposed method considering 
individual image feature lab color Wc  for color 
images (D)Segmentation using proposed method 
considering individual image feature texture Wt  for 
texture images. 
Fig. 1(A) shows the test images used to experiment on 
the proposed algorithm. Segmentation results through 
proposed algorithm are shown in Fig. 1(B)-(D). For 
comparison, segmentation results using  normalized 
graph cuts which uses individual image feature for 
graph development (i.e. brightness Wb, color Wc for 
gray level and color images accordingly, texture Wt 
for texture contain images ),  
Above feature models provide the intermediate 
similarity matrices, which estimates the similarity 
between neighboring pixels. In fig(B) segmentation is 
done by considering  intensity feature model only. 
Here the main object is extracted properly. In fig(c) 
segmentation is done by considering lab color feature 
model here also object is extracted from background in 
lab color model 
 
CONCLUSION 
 
A graph-based image segmentation for grey scale, lab 
color and texture images is presented in this work. 
Images contain different features (i.e. brightness, lab 
color and texture) that are extracted in order to 
perform a better segmentation. These image features 
are modeled to construct a weighted undirected graph. 
Graph obtained from weighted average is used in 
bi-level graph-partitioning algorithm based on 
normalized graph cuts framework. 
The segmentation method provides effective results 
for color feature model and intensity feature model. 
Foreground is properly extracted from an image.  
 
FUTURE WORKS 
 
There are still some things we can do for future works. 
At first, we will improve the stability of program. 
Secondly, it’s a chance to get a better adaptive method 
for image segmentation even that we have an adaptive 
method already. Each model estimates some dominant 
feature in image but alone it is not good enough to 
build optimized similarity matrix which is the 
foundation of segmentation process. We need to pour 
the effect of most of the image features in similarity 
matrix. 
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