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APPLICATION OF FUZZY LOGIC ON IMAGE EDGE DETECTION 

Shashank Mathur, Anil Ahlawat 

Abstract: In this paper a novel method for an application of digital image processing, Edge Detection is 
developed. The contemporary Fuzzy logic, a key concept of artificial intelligence helps to implement the fuzzy 
relative pixel value algorithms and helps to find and highlight all the edges associated with an image by checking 
the relative pixel values and thus provides an algorithm to abridge the concepts of digital image processing and 
artificial intelligence. Exhaustive scanning of an image using the windowing technique takes place which is 
subjected to a set of fuzzy conditions for the comparison of pixel values with adjacent pixels to check the pixel 
magnitude gradient in the window. After the testing of fuzzy conditions the appropriate values are allocated to the 
pixels in the window under testing to provide an image highlighted with all the associated edges. 
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Introduction 

Over the years, several methods have been proposed for the image edge detection which is the method of 
marking points in a digital image where luminous intensity changes sharply for which different type of 
methodology have been implemented in various applications like traffic speed estimation [I], Image compression 
[II], and classification of images [III]. Most of the traditional edge-detection algorithms in image processing 
typically convolute a filter operator and the input image, and then map overlapping input image regions to output 
signals which lead to considerable loss in edge detection [IV]; however there is no such loss in the fuzzy based 
method described here. Research has clearly demonstrated that methods involving Gaussian filtering suffer from 
problems such at edge displacement, vanishing edges and false edges [V]. Another problem faced by few 
methods like the anisotropic diffusion lies in obtaining the locations of semantically meaningful edges at coarse 
scales generated by convoluting images with Gaussian kernels [VI]. Methods that involve simple scan line 
approach are not able to detect all the edges due to limitation of the methodology to trace only the horizontal and 
vertical neighbors [VII] of a point.  
The method described does not implement any thresholding unlike few published methods [VIII] which helps to 
detect each and every edge associated with the image but introduces fuzzy logic which derives its origin from 
approximate reasoning for highlighting all the edges associated with an image. The fuzzy relative pixel value 
algorithm has been developed with the knowledge of vision analysis with low or no illumination [IX], thus making 
this method optimized for application requiring such methods. The method helps us to detect edges in an image 
in all cases due to subjection of pixel values to an algorithm involving host of fuzzy conditions for edges 
associated with an image.The purpose of this paper is to present a new methodology for image edge detection 
which is undoubtedly one of the most important operations related to low level computer vision, in particular within 
area of feature extraction with plethora of techniques, each based on a new methodology, having been published. 
The method described here uses a fuzzy based logic model with the help of which high performance is achieved 
along with simplicity in resulting model [X]. Fuzzy logic helps to deal with problems with imprecise and vague 
information and thus helps to create a model for image edge detection as presented here [XI] displaying the 
accuracy of fuzzy methods in digital image processing [XII].  
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Methodology 

The algorithm described below is based on the subjection of a set of nine pixels, part of a 3x3 window of an 
image to a set of fuzzy conditions which help to highlight all the edges that are associated with an image. The 
fuzzy conditions help to test the relative values of pixels which can be present in case of presence on an edge. 
So the relative pixel values are instrumental in extracting all the edges associated to an image.  

The Fuzzy Relative Pixel Value algorithm 

The Algorithm begins with reading an MxN image. The first set of nine pixels of a 3x3 window are chosen with 
central pixel having values (2,2). After the initialization, the pixel values are subjected to the fuzzy conditions for 
edge existence shown in Fig.1.(a-h). After the subjection of the pixel values to the fuzzy conditions the algorithm 
generates an intermediate image. It is checked whether all pixels have been checked or now, if not then first the 
horizontal coordinate pixels are checked. If all horizontal pixels have been checked the vertical pixels are 
checked else the horizontal pixel is incremented to retrieve the next set of pixels of a window (refer to flowchart 
shown in Fig.4.). In this manner the window shifts and checks all the pixels in one horizontal line then increments 
to check the next vertical location. 
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Fig 1(a-h). Fuzzy conditions have been displayed. 
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Fig 2. (a,b)Type of unwanted edge pixels (c) Fuzzy condition for removal of unwanted edge pixels. 
Legend: 

 Pixel Checked  Edge pixel  Unchecked Pixel 
 

After edge highlighting image is subjected to another set of condition with the help of which the unwanted parts of 
the output image of type shown in Fig.2.(a-b) are removed to generate an image which contains only the edges 
associated with the input image. Let us now consider the case of the fuzzy condition displayed in Fig.1. (g). For 
an input image A and an output image B of size MxN pixels respectively we have the following set of conditions 
that are implemented to detect the edges pixel values. 
 

Input: An image A of MxN pixels 
Output: An image B of MxN pixels 
Edge Detection (A, B) 
For I←2 to M-1 

For J←2to N-1 
If A (I-1, J)>A (I-1, J+1) 

Then If A (I-1, J-1)>A (I, J) 
Then If A (I, J-1)>A (I+1, J-1) 

Then 
B (I-1, J+1) ←0 
B (I, J) ←0 
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B (I+1, J-1) ←0 
End For 

End For 
For I←2 to M-1 

For J←2to N-1 
If B(I-1,J)=255& B(I,J)=0& B(I+1,J)=255& B(I,J-1)=255 

Then B (I, J) ←255 
End For 

End For 
We can observe in the above algorithm written for a particular fuzzy condition that the nesting of statements is 
done in a manner that only the edge associated pixels are granted black pixel values. The application of fuzzy 
conditions on the image helps to highlight all the edges associated with it but do leave unnecessary pixel values 
which only distort the edge values. To eliminate these unwanted edge pixels another fuzzy condition is 
implemented to enhance the working of the fuzzy relative pixel value algorithm. With the help of these set of 
conditions the algorithm is able to eliminate all the noisy pixels and filters out the edges to provide us with a clean 
output image with all the distinct edges associated with that image.  
 

   
a. Input Image b. Intermediate Image c. Output Image 

 

Experimental Results 

The fuzzy relative pixel value algorithm for image edge detection was tested for various images and the outputs 
were compared to the existing edge detection algorithms and it was observed that the outputs of this algorithm 
provide much more distinct marked edges and thus have better visual appearance than the ones that are being 
used. The sample output shown below in Fig.5.(a-c) compares the “Sobel” Edge detection algorithm and the 
fuzzy relative pixel value algorithm. It can be observed that the output that has been generated by the fuzzy 
method has found out the edges of the image more distinctly as compared to the ones that have been found out 
by the “sobel” edge detection algorithm. Thus the Fuzzy relative pixel value algorithm provides better edge 
detection and has an exhaustive set of fuzzy condition s which helps to extract the edges with a very high 
efficiency.   

   
a. Input Image b. Sobel algorithm c. Fuzzy relative pixel 

value algorithm 
Fig 5(a-c). Comparison of Fuzzy relative pixel value algorithm and Sobel edge 

detection algorithm. 
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Fig.4.Flowchart 
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Fig.3.Flowchart 
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Conclusion 

In this paper, the algorithm to find the edges associated with an image had been introduced which has been 
instrumental to abridge the concepts of artificial intelligence and digital image processing. Comparisons were 
made amongst the various other edge detection algorithms that have already been developed and displayed the 
accuracy of the edge detection using the fuzzy relative pixel value algorithm over the other algorithms which has 
tremendous scope of application in various areas of digital image processing. The image edge detection using 
fuzzy relative pixel value algorithm has been successful in obtaining the edges that are present in an image after 
the implementation and execution of the algorithms with various sets of images. Sample outputs have been 
shown to make the readers understand the accuracy of the algorithm and the display that the algorithm can find 
image edges even in case of minor pixel value gradients.  
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