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ABSTRACT 

This paper extend the use of coloring of fuzzy graph for acquiring proper segmented image. .The 

graph coloring is based on adaptive welsh-Powell coloring algorithm. In this paper, image segmentation 

is done for ISL images and here the image is considered as a fuzzy graph defined on the set of pixels 

where fuzzy edges represent the distance between pixels.A new algorithm has been developed. 

Keywords:Graph, fuzzy graph, image processing, Welsh-Powellcoloring problem, Indian sign language 

recognition. 

1. INTRODUCTION 

A graph is a convenient way of representing information involving relationship between objects. 

The objects are represented by vertices and the relations by edges. When there is vagueness in the 

description of the objects or in its relationships or in both, it is natural that we need to design a fuzzy 

graph model [1]. Graph theory has numerous applications to problems in systems analysis, operations 

research, transportation, and economics. In many cases, however, some aspects ofa graph-theoretic 

problem may be uncertain. For example, the vehicle travel time or vehicle capacity on a road network 

may not be known exactly. In such cases, it is natural to deal with the uncertainty using fuzzy set theory 

[2]. Fuzzy graphs were introduced are formed from the basics of ‘‘Fuzzy Sets”. Fuzzy graph theory is 

now finding various applications in modern science and technology especially in the fields of information 

theory, neural network, expert systems, cluster analysis, medical diagnosis, control theory, pattern 

recognition  etc. [3].A fuzzy set is characterized by a membership function which assigns to each object a 

grade of membership and it ranges from 0 to 1. Fuzzy graph coloring is one of the most important 

problems of fuzzy graph theory in which we partition the vertex (edge) set of any associated graph so that 

adjacent vertices (edges) belong to different sets of the partitions [4]. ‘‘Fuzzy Sets” has obtained the fuzzy 

analogues of several basic graph-theoretic concepts like bridges, paths, cycles, trees and connectedness 
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and established some of their properties. Some connectivity concepts regarding fuzzy cut nodes and fuzzy 

bridges is also established. . A normal fuzzy graph is shown below in fig.1. 
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Figure 1: Fuzzy graph 

The basic graph coloring problem is to group items in as few groups as possible, subject to the 

constraint such that no incompatible items end up in the same group. Formally, given a graph  EVG ,  

a coloring function is a mapping [5].The proper coloring of a graph is the coloring of the vertices with 

minimal number of colors such that no two adjacent vertices should have the same color. The minimum 

number of colors is called as the chromatic number and the graph is called properly colored graph..While 

using graphs in many real world problem, we get partial information about that problem. So there is 

vagueness in the description of the objects or in its relationships or in both. To describe this type of 

relation, we need to design fuzzy graph model. . Graph coloring problem (GCP) is mostly studied as NP-

HARD problems. Thus, designing an algorithm which finds on each graph the best coloring is hard. This 

task is known as algorithm selection problem. For this purpose, we first present several specific features 

of a graph, which can be calculated in polynomial time . An algorithm is said to be solvable in polynomial 

time if the number of steps required to complete the algorithm for a given input is for some nonnegative 

integer. Polynomial-time algorithms are said to be "fast." . 

The graph coloring problem is one of the most famous NP-hard problems. The problem requires 

assignment of colors to each vertex in a given graph with a constraint that two colors assigned to two 

adjacent vertices must be different. The key point of the problem is to find a minimal number of colors for 

the color assignment. There are two types of coloring namely vertex coloring and edge coloring are 
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usually associated with any graph. Edge coloring is a function which assigns colors to the edges so that 

incident edges receive different colors. Let  ,,VG   be a simple connected undirected graph where 

V is a set of verticesand each vertices has a membership value   and each edge has a membership value

 . Minimum number of color needed to color the graph is known as chromatic number of that 

graph.Fuzzy graph representation is more appropriate to reality than crisp graph representation. Every 

event in real world can be represented by fuzzy graphs appropriately. In this paper, a concept to color a 

fuzzy graph is discussed. This new coloring concept is used to color the sign images of hand gestures . A 

simple diagrammatic illustration of hand gestures for sign language is represented below in fig.2. 

 

Figure 2: Hand gesture recognition 

Sign language is used to express the thoughts of dumb peoples through hand gestures. Through 

the help of this language they can also communicate with others. Sign Language is a visual language, 

which consists of three major components such as finger-spelling- used to spell words letter by letter, 

word level sign vocabulary-used for the majority of communication and non-manual featuresfacial 

expressions and tongue, mouth and body position . Traditional segmentation of images is quite often 

assimilated to search for objects whenever clear borders exist, i.e., when sudden changes are observed 

when we move from one pixel to the next one. But natural entities may not show either a clear border or 

any standard shape, but a smooth gradation between different regions. In this paper, let us consider the 

image as fuzzy graph. Here, segmentation is done based on fuzzy graph coloring algorithm and 

classification is based on distance calculation of pixels. There is no efficient algorithm available for 



 
 

2938 | P a g e  
 

coloring a graph with minimum number of colors. Graph coloring is a known NP-complete problem 

whose status is unknown. Although it is NP complete, there are some approximate algorithms to solve the 

graph coloring problem. In this paper an adaptive Welsh-Powell coloring algorithm is employed. Here, 

fuzzy graph theory, is exploited for the segmentation process of ISL. A brief description of ISL 

recognition based on fuzzy graph is given below in section 3. Conclusion in section 4 and references in 

section 5. 

2. Related Researches 

This section provides an overview of various types image classificationbased on fuzzy relationship. For 

the process of segmentation of images,graphcoloring method is applied. The very recent works related to 

fuzzy based images classification is given below. 

Gomez. D et al. [6] discussed about the issue of handling membership functions. Many decision 

makers request for graphical representation to visualize results easily. Here some useful tools for fuzzy 

classification from fuzzy coloring procedures were pointed out. In specific, a crisp grey coloring 

algorithm based upon a sequential application of a basic black and white binary coloring procedure was 

employed. This graph coloring algorithm was employed here for the process of image segmentation. 

Here, the image was assumed as a fuzzy graph defined on the set of pixels where fuzzy edges represent 

the distance between pixels. In this way, a more flexible hierarchical structure of colors can be acquired, 

which in turn should gave useful hints about those classes with unclear boundaries. 

Gómez D et al. [7] developed a segmentation scheme based on iterative binary coloring 

technique. This technique took changing behavior of adjacent pixels into consideration. On the other 

hand, the neighborhood information associated to those regions that has obtained was also taken into 

consideration. Also for images with higher dimensions, the segmentation process introduced in this paper 

can be viewed as a preprocessing tool in order to diminish the amount of information required to describe 

the image, as a result it allows faster posterior studies. It is vital to be noted that the obtained 

segmentation does not imply any comparison of measures observed in one region with a certain pattern or 

with any other region. In fact, two disjoint homogeneous regions were not guaranteed to belong to the 

same class even if the properties of the pixels they contain were highly similar; and two disjoint 

homogeneous regions can be assigned to the same class even if the pixels in one region was much 

different from pixels in the other. The output was a hierarchical structure of images which allowed a 

better understanding of complex images. In specific, two algorithms that should be considered as image 
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preprocessing techniques was also used. This technique helped to identify homogeneous regions in any 

image.  

Muñoz S et al. [8] discussed about the classical concept of the (crisp) chromatic number of a 

graph. Given a graph  EVG , , a coloring function C  assigned an integer value  iC  to each node 

Vi in such a way that the extremes of any edge Eji },{ cannot share the same color, i.e.    jCiC  . 

Two different approaches to the graph coloring problem of a fuzzy graph  EVG
~

,
~
  was employed here. 

The first approach was based on successive coloring functions C of the crisp graph   EVG , , the

cuts ofG
~

; the traffic lights problem was analyzed following this approach. The second approach 

was based on an extension of the concept of coloring function by means of a distance defined between 

colors a timetabling problem was analyzed within this approach. An exact algorithm for obtaining the 

chromatic number associated with the second approach was also used, and some computational results on 

randomly generated fuzzy graphs were reported. 

Gómez D et al. [9] presented a pixel coloring algorithm which was considered as a tool in fuzzy 

classification. This pixel coloring algorithm worked based upon a particular distance. The distance 

between adjacent pixels was estimated, by assigning a color relied on low or high distance value than 

previously chosen threshold. Such an algorithm was based upon a sequential application of a divisive 

binary procedure on a fuzzy graph associated to the image to be classified, taking into consideration of 

surrounding pixels. Each color suggested a possible class, if homogeneous and the hierarchical structure 

of colors permitted gradation between classes. Finally the total coloring process was equivalent to 

hierarchical classification procedure, obtained a set of nested clusters as output. 

Udupa JK, Samarasekera S [10] presented a DNA algorithm based upon the surfaces of graph 

coloring problem. Here the images was considered as a fuzzy graph. In existing image segmentation 

approaches, the concept fuzzy connectedness was lacked. But here, a theory of fuzzy objects for n-

dimensional digital spaces based on a notion of fuzzy connectedness of image elements was established. 

For the extraction and identification of specified fuzzy object present in the image data an algorithm was 

presented. At first the total combinatorial color assignments to the vertices of a graph was synthesized and 

immobilized on a surface; then a vertex was legally colored while those adjacent to it with illegal colors 

were deleted; and the cycle was repeated until finally the correct color assignments to the graph was 
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reached. The operations utilized here was mainly mark, unmark, scan, and delete, and the biological 

means to implement them was relatively easy to manipulate in the laboratory.  

3. Fuzzy graph coloring viaadaptiveWelsh-Powell coloring algorithm for segmentation of ISL 

In this paper, an efficient solution based on graph coloring for the problem of image segmentation is 

proposed. Graph coloring has various applications such as scheduling, security, waste management, 

image segmentation, traffic light control, etc. Here an attempt is made for segmentation of ISL images 

with the assumption of image as fuzzy graph, pixels as vertex and the distance between the pixels as 

edges.For the coloring process adaptive Welsh-Powell coloring algorithm is employed here. 

3.1 ISL image representation using fuzzy graph 

The goal of this paper is to produce a coloring algorithm based on fuzzy concept, so that a 

meaningful picture can be provided to decision makers to recognize possible fuzzy classes. A key 

argument, at least in land cover problems, is that our fuzzy classes have a core of connected pixels, 

surrounded by pixels showing some degree of membership to that core. Hence, classification is made 

pixel by pixel, but behavior of surrounding pixels should have a strong influence at every stage. This 

information was taken into consideration a later supervised analysis where additional information may 

also occur. 

Let us assume an image as bi-dimensional map of pixels, each one of them being characterized by 

a fixed number of measurable attributes. These attributes can be the values of the three bands of the 

visible spectrum (red, green and blue). Therefore  jiP , where ri 1 , sj 1 will denote the set of 

pixel positions of an sr  image. If each pixel is characterized by b  numerical measures, the whole 

image I  can be characterized as  b

jiji xxI ,

1

, ,...... where   Pji , . For a given image I , the information 

of the b  measures of any pixel  b

jiji xx ,

1

, ,...... can be represented by its position,   Pjip  , without 

confusion. Given such an image I , anyclassification problem follows a partition image regions, each 

being a subset of pixels, to be considered a candidate for a class. In this way, a welsh-powell 

classification approach looks for a family of subsets of pixels },......{ 1 cAA  such that k

c

k AUP 1 but

jiAA ji   where cAA ,......1 is the family of classes explaining the image.  

Fuzzy uncertainty appears when we consider a dissimilarity measure between pixels in order to 

identify possible homogeneous regions in the image. In any image classification problems, the selection 
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of an adequate distance is a difficult issue that has been studied by many authors. Obviously, any 

classification process will be strongly dependent on the selection of the appropriate distance, to be chosen 

taking into account all features of the image under consideration, together with our particular 

classification objectives. Furthermore, in many instances the distance between two elements includes 

some lack of precision or ambiguity (it would be the case, for example, when we consider the aggregation 

of several measures obtained by different experts: a well-known problem in remote sensing is to choose 

an adequate distance in order to compare opinions from different experts). In order to capture the natural 

fuzzy uncertainty, and in order to give more flexibility to other already existing classification procedures, 

a fuzzy distance is considered which expresses the relation between the measured properties of pixels, 

)~,0[: PPd where )~,0[  will be here the set of fuzzy numbers with domain in  10R . We will 

denote by  ppdd pp
 ,  the fuzzy distance between the pixels p and p . We will denote its 

membership function by  1,0: 
 Rpp  and by   PPppdD pp   ,;

~~
 we will denote its 

associated fuzzy distance matrix.  

Given sr  image, a planar graph  EP,  can be defined considering P  as the set of nodes and 

E  the set of edges linking any couple of adjacent pixels.Two pixels     Pjipjip  ,,, are adjacent 

if 1 jjii , i.e., if they share one coordinate being the other one contiguous. Let us now denote 

by    EPIG
~

,
~

  the graph associated to the image I , where   adjacentsppdE pp
  ,;

~~
where ppd 

~
 are 

fuzzy numbers with domain in
R . 

 

Figure 3:Representation of ISL 

The size of the above image is 576720  heightwidth  and the aspect ratio of this image size is 45

therefore the fuzzy graph representation of this image is given below in fig.4. 



 
 

2942 | P a g e  
 

(2.0,2.1,2.4) (1.0,1.1,1.2) (2.1,2.3,2.4)

(1.7,1.9,2.2) (2.3,2.5,2.6) (1.5,2.0,2.3) (2.5,2.8,2.9)

(0.5,1.5,1.8) (0.4,0.9,1.2) (2.2,2.3,2.5) (1.0,1.1,1.4)

(0.5,1.1,1.6) (1.6,2.1,2.9) (0.8,2.3,2.4) (0.9,1.7,1.9)

(1.5,2.1,2.3) (2.0,2.4,2.9) (3.5,3.6,3.8) (0.5,0.7,0.9)

(3.0,3.4,3.6) (1.3,1.5,1.7) (0.5,1.0,1.1)

(2.4,2.5,2.9) (1.9,2.1,2.8) (0.9,1.3,1.4)

(2.5,2.6,2.8) (0.7,1.1,1.2) (3.8,4.0,4.2)

(3.0,3.1,3.3) (0.7,0.8,0.9) (1.4,1.6,1.8)

 

Figure 4: Pixels fuzzy graph 

Definition 3.1:Given an image I and fuzzy distance d the pixels in fuzzy graph is represented by the pair

   EPIG
~

,
~

 .Note that the pixels in fuzzy graph  IG
~

can be defined by the set P and two sr fuzzy 

matrices i.e. 
1~

D and
2~

D . Subsequently the coloring procedure is based on the alternative representation, 

therefore the pixels in fuzzygraph  IG
~

is denoted by  21 ~
,

~
,, DDsr . 

Example 3.1: Let  21 ~
,

~
,, DDsr  be the pixels in fuzzy graph with 5r , 4s  and 

    

    
    
    






















9.0,7.0,5.08.3,6.3,5.39.2,4.2,0.23.2,1.2,5.1

9.1,7.1,9.04.2,3.2,8.09.2,1.2,6.16.1,1.1,5.0

4.1,1.1,0.15.2,3.2,2.22.1,9.0,.4.08.1,5.1,5.0

9.2,8.2,5.23.2,0.2,5.16.2,5.2,3.22.2,9.1,7.1

~1D  

   

   
   
   

    























8.1,6.1,4.19.0,8.0,7.03.3,1.3,0.3

2.4,0.4,8.32.1,1.1,7.08.2,6.2,5.2

4.1,3.1,9.08.2,1.2,9.19.2,5.2,4.2

1.1,0.1,5.07.1,5.1,3.16.3,4.3,0.3

4.2,3.2,1.22.1,1.1,0.14.2,1.2,0.2

~ 2D  
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Where each triple  cba ,,  represents a triangular fuzzy number. Such pixelsin fuzzy graph is represented 

in Fig. 6.  

3.2 The basic Welsh-Powell coloring procedure 

Welsh-Powell coloring algorithm 

 Find the degree of each vertex.  

 List the vertices in descending order. 

 Color the first vertex in the list. 

 Color every vertices in descending order one by one, such that the total number of colors used 

can be greater than or equal to the maximum degree. 

 The overall complexity of this algorithm is  2n . 

A normal uncolored and undirected graph is shown below in fig.5. 

A B

D C
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Figure 5: Uncolored graph 

The degree of each vertex was found and it is represented below in table.1. 

Table 1: Degree of each vertex 

Vertex Valence 

A 4 

B 3 

C 4 

D 3 

E 2 

F 2 
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After the sorting of vertex according to the descending order of degree value it is represented as

ACBDEF . Therefore the vertex with highest degree value is colored first and the second highest is 

colored with second color and so on. The graph after coloring using Welsh-Powell coloring algorithm is 

shown below in fig.6. 

A B

D C
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Figure 6: Colored graph 

After the coloring process using the process of Welsh-Powell, the graph looks like this. Therefore the 

chromatic number of the above graph is 3. 

Advantages of Welsh-Powell coloring algorithm 

 Avoids backtracking that occurs due to clashes during coloring. 

 Minimizes time. 

 Uses less number of colors than classical coloring algorithms. 

3.3 Adaptive Welsh-Powell coloring algorithm  

At first the given input image is converted to grayscale image, so that it contains only

channel1  and it is easy to process. After that, coloring is performed by setting threshold value. 

Thresholding is done to convert grayscale image into binary image. In this paper image is converted into 

binary form because, the distance transform can be efficiently calculated in binary images.The approach 

of using this adaptive Welsh-Powell coloring procedure is to classify two adjacent pixels, either as 0  or 1 

depending on the fuzzy distance between their properties, if such a distance is lower or greater than a 

prescribed threshold. In this way, adjacent pixels are classified as distinct whenever such distance 

between them is high (notice that a standard approach classifies two arbitrary pixels in the same class if 

such a distance is low, no matter if they are adjacent or not). Here threshold value is set by denoting that

tww ji  . Once such a threshold t  has been fixed, the first coloring can be given by checking that the 
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highest degree value of the vertex is large or small than the threshold value and then checking the next 

highest degree value and so on. Here  ji, denotes the pixel with coordinates  1,1  in the left top corner 

of the image. Then pixels will be colored from left to right and from top to bottom depending on the value

t . If the degree of the vertex is less than the threshold value then black pixel is replaced with the original 

pixel. If the degree of the vertex is higher than the threshold value then white pixel is replaced with the 

original pixel. 

In general, given a pixel  ji,  already colored, adjacent pixels  ji ,1  and  1, ji  will be 

subsequently colored. Since pixel  1,1  ji can be alternatively colored either from pixel  ji ,1  or 

pixel  1, ji , a natural constraint is that both coloring must produce the same color in both paths. 

Otherwise, the coloring will be inconsistent. To overcome this, after the first coloring of pixels as either

"0" or "1" , a new iteration is defined by applying the same coloring procedure, so we can get a more 

precise color for both families (family "0"  will switch either into "00"  or "01" ). This will be done by 

alternatively activating elements in only one of those families already colored in the previous stage. 

Subsequently, new iterations can be considered by applying this coloring process to all those activated 

pixels under consideration. 

Definition 3.2: Given the set of pixels P , a square is a subset of four pixels 

          1,1;1,;,1;,,  jijijijijisq being  1,....1  ri and  1,....1  sj  

Therefore the set of all squares is denoted by PS and it is denoted by, 

      1,....1,1,....1/,  sjrijisqPS        (1) 

Definition 3.3:  Given a pixels fuzzy graph  21 ~
,

~
,, DDsr a square   PSjisq , is consistent at level t  if 

given an arbitrary color  jicol , the above coloring procedure assigns the same color to pixel 

 1,1  ji  no matter if it is done from pixel  1, ji  or pixel  ji ,1 . Otherwise, the pixel square is 

inconsistent. Therefore the coloring of pixels depends on the chosen threshold value t . 

Advantages of adaptive Welsh-Powell 

 As it is a gray scale image only black and white colors are used here. 
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3.4 Distance calculation 

To model distance uncertainty, a symmetric triangle fuzzy numbers based on Euclidean distance was 

consideredhere and it is denoted by, 

 erdderdd pp  ,,,          (2) 

Where,     Pppxxd
b

k

k

p

k

p     ,
2

1
is the deterministic Euclidean distance and ""er is the error 

measure. 

Every ranking function, over a triangular fuzzy number  321 ,, aaaa  should verify that if

   aaF sup .  aF is represented by 

  22

yx aaaF            (3) 

Where xa and ya are the horizontal and vertical co-ordinates of the centroid a . 

Here, 
3

321 aaa
ax


 and 












321

2

2

2
1

3

1

aaa

a
ay  

3.5Computational complexity 

Although the coloring procedure is polynomial, the number of color classes grows exponentially,
12 it
, 

being it the number it  of iterations. In the worst case, the number it  of iterations can reach the value 

upto 1 sr . 

4. Conclusion 

The objective of this coloring algorithm proposed in this paper was to show decision maker several 

possible pictures of the image, each one obtained by means of an automatic coloring procedure of each 

pixel based upon a particular distance. Such a coloring procedure takes into account behavior of each 

pixel with respect to its surrounding pixels, and each color will suggest a possible class.The coloring 

algorithm known asadaptive Welsh-Powell procedure was designed based on basic Welsh-Powell 

algorithmand it is translated into a fuzzy context, representing uncertainty about dissimilarity between 

pixels by means of fuzzy numbers. These improvements allow a more flexible approach to an indeed 

complex problem. By the employment of this new algorithm in fuzzy graph coloring, the total time can be 
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minimized. This algorithm also provides more efficient result than ordinary Welsh-Powell procedure 

because, here only channel1 is used because the process is performed on grayscale image. 
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