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Abstract. In the paper, the difficulty in image segmentation based on the popular 
level set framework to handle an arbitrary number of regions has been addressed. 
There is very few work reported on optimized segmentation with respect to the 
number of regions. In the proposed model, first the image is classified using  
type-2 fuzzy logic to handle uncertainty in determining pixels in different color 
regions.  Grey scale average (GSA) method has been applied for finding accurate 
edge map to segment the image that produces variable number of regions.  
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1   Introduction 

Edge of an image represents the sudden change in the pixel intensity value creating 
two separate regions of different intensities. However, other factors like poor focus or 
refraction may be the cause of formation of an edge in the image [1]. Relatively early, 
the problem of image segmentation has been formalized by Health [5] as the minimi-
zation of an energy function that penalizes deviations from smoothness within regions 
and the length of their boundaries [4]. In the level set approach [2], N regions are 
represented using exactly log2N level set functions. Grey scale average (GSA) method 
has been proposed here for finding accurate edge map to segment the image that pro-
duces variable number of regions [3], described in figure-1. The paper has been di-
vided into five sections. Section 2 describes type-2 fuzzy logic to classify the color 
regions while in section 3, fuzzificaion and defuzzification method in image segmen-
tation and how to determine the grey scale average has been discussed. The proposed 
algorithm with masking and GSA method is presented in section 4 followed by ex-
perimental results and discussions in section 5.  

 

Fig. 1. Complete Block Diagram of the System 
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2   Classification of Image   

Fuzzy Gaussian filter [6] is used to remove noise and sharpen the image, a preproc-
essing step of edge detection with the objective of enhancing the edges [7]. After 
removal of noise, the image is classified using type-2 fuzzy rule based classifier. 

Let the pixel intensity of an input image f(x,y) is represented by a vector X = (x1, x2, 
…..xm) where m is the number of pixels in the image. Assume r is the total number of 
fuzzy rules and one of such rule is represented as: If x1 is Rj1 and x2 is Rj2 and …..and 
xm is Rjm then X =(x1,x2,x3, …xm) belongs to class k with CF=CFj where j=1,2,…,r and 
k=1,2,…,M is the number of color classes classified using equation (1).  
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type-2 fuzzy set R. 

3   Grayscale Weighted Average Method 

The classified regions are now segmented by detecting edges using GSA method.  All 
the edge points of the image constitute a set, called an edge map. Edge map is the 
specific region bounded by neighborhood pixels within the same object, shown in 
figure-2 where the color lines are the edges separated by different b/w color intensity.   

 

Fig. 2. Edge Map in B/W Image 

Pixels with membership value ‘1’/’0’ definitely belong/don’t belong to the edge 
map set.  However, pixels with intermediate membership values may or may not be-
long to the edge map, which are determined with certainty depending upon a pre-
scribed threshold value.  After thresholding, a binary image is obtained, which is the 
edge map representation of the original image. 

The generalized version of the segmentation problem with an arbitrary number of 
regions N is considered by providing the energy function of the model in (2). 
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Where iΩ = i-th region, ip = a priori probability of ith pixel, iΓ  = ith region boundary, 

v = weighted parameter of boundary Γ , ds is the deviation of distance between two 
region and the additional term of this energy functional penalizes the number of  
regions with the parameter λ. Starting with the entire image domain Ω as a single 
region, the two-region segmentation is applied in order to determine the best splitting 
of the domain. If energy decreases by splitting, two regions are formed, which are 
again divided and so on, until the energy does not decrease by further splits and thus 
the optimum number of regions is determined.  

GSA deals with the grey scale value having the same range between 0-1 like FWA 
method. For the grey scale, the weighted average GSavg is computed as given in (3) 
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Where wi is the weighted intensity and pi is the pixel intensity.  

4   Proposed Algorithm with GSA 

Begin 
Read input image f(x, y) of size M×N 
Create the mask W (m×n) with mask coefficients, using    
Sparse matrix so that sum of all coefficients of each   
     Let mask=0 ;  

Mask weighted average, a=(m–1)/2   // small size 
Mask weighted average, b=(n–1)/2  // large size. 

 g(x, y) = 0 // output image 
     For y = b to (N – b – 1) do  
          For x = a to (M – a – 1) do 
               Calculate the (largest value) among all the maximum column values; 
               Calculate the (smallest value) among all the minimum column values; 

GSA_range = (largest value) – (smallest value) / n 
  For x = 1 to N do 

for y = 1 to M do 
g(x, y) = (f(x, y) – smallest pixel value) × 255 / GSA_range; 

End for 
Select a color image and convert it into grey scale input image; 
Store pixel values of the image along x and y coordinates in matrix form; 
Generate the Convolution mask for different gradient operators and store it ; 

                  SUMcoeffmatrix = 0; //Set all the points as black // 
Each mask along the horizontal and vertical direction is convolved 
with the input image; Calculate magnitude of the gradient vector; 

If Ethresold < 0.55 // Threshold is required to determine whether the point 
belongs to a specific region or not // 

Truncate unwanted edges from edge map information; 
  Else include edge in the edge map set; 

End_for 
End. 
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5   Conclusion and Result Discussion 

The proposed algorithm is reasonably fast where 169 × 250 size image took 22.5 sec-
onds on an Intel Atom 1.6 Ghz Processor having 1 GB of RAM size. By keeping the 
advantages of the level set framework, its main problem has been solved in the paper. 
The customized Gaussian filter [8] has a good contrast and sharpness characteristics, 
which is required to sharpen an image. This paper shows that the proposed segmenta-
tion model exhibits better performance in edge detection compare to the conventional 
method of segmentation [9].  
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