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Abstract-Image de-noising is a technique to reduce 
noises from a corrupted image. The aim of image de-
noising is to improve contrast of the image or perception 
of information in images for human viewers, or to 
provide better input for other automated image processing 
techniques. This paper presents a new approach for image 
de-noising with a fuzzy rule-based filtering. Compared to 
other non-linear techniques, fuzzy filter is able to 
represent knowledge in a comprehensible way.   
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1. Introduction 
 Digital images acquired by modern sensors may be 

contaminated by a variety of noise sources. By noise we 
refer to stochastic variations as opposed to deterministic 
distortions such as shading or lack of focus. In many 
applications of image processing, the input image has 
noise and thus may not show the features or colors 
clearly. Thus, a major task in image processing is to 
extract information from the images corrupted by noise. 
The most common technique for noise removal is called 
filtering or de-noising and it creates a new image as a 
result of processing the pixels of an existing image.       
By image filtering some sort of enhancement in images 
can be achieved. The goal of image filtering is to improve 
the image quality so that the processed image is better 
than the original image for a specific application. Here, 
each pixel in the output image is computed as a function 
of one or several pixels in the original image, usually 
located near the location of the output pixel [1-4]. Image 
filtering can be very useful in many applications like 
machine vision, robot navigation, aircrafting, digital 
mammography and so on. 

 Many researchers have proposed de-noising algorithms 
for image processing [5-12].  This paper presents a new 
fuzzy filtering method based on fuzzy theory to reduce 
image noises and to increase the contrast of structures of 
interest in image. Compared to other techniques, fuzzy 
method can manage the vagueness and ambiguity in 
many image processing applications efficiently. The 
method is able to represent and process human 
knowledge and applies fuzzy if-then rules.  

This article is structured as follows: Section 2 describes 
the basic principles of fuzzy image fltering, Section 3 
presents the proposed filtering algorithm,  Section 4 
demonstrates experimental results and discussions. 
Finally, Section 5 concludes the paper. 

 
2. Fuzzy Image Filtering 
 

 Fuzzy image filtering is based on gray level mapping 
into a fuzzy plane, using a membership function. The aim 
is to generate an image of higher contrast than the 
original image by giving a larger weight to the gray levels 
that are closer to the mean gray level of the image than to 
those that are farther from the mean. An image f of size 
MxN and L gray levels can be considered as an array of 
fuzzy singletons, each having a value of membership 
denoting its degree of brightness relative to some 
brightness levels. For an image f(x,y), we can write in the 
notation of fuzzy sets: 

   f(x,y) = U
xy
µ xy / Ixy       x=1,2,...,M and y=1,2,…,N     (1)  

where Ixy  is the intensity of  (x,y)th value and µxy is its 
membership value. The membership function 
characterizes a suitable property of image like darkness, 
edginess, textural property etc. and can be defined 
globally for the whole image or locally for its segments. 
The basic principles of fuzzy filtering scheme are 
illustrated in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 The basic principles of fuzzy filtering. 
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3. Proposed Fuzzy Filtering Algorithm 
 

This section proposes a new filtering method based on 
Fuzzy set theory. This filter employs Fuzzy rules for 
deciding the gray level of a pixel within a window in the 
image. This is a variation of the Median filter and 
Neighborhood Averaging filter with fuzzy values. The 
algorithm includes the following steps: 
 

1. At first the gray values of the neighborhood 
pixels (n×n window) are stored in an array 
and then sorted in ascending or descending 
order. 

 

2. Then, fuzzy membership value is assigned 
for each neighbor pixels: 

 This step has the following characteristics:  
 

i. A Π-shaped membership function 
is used. 

 

ii. The highest and lowest gray values 
get the membership value 0. 

 

iii. Membership value 1 is assigned to 
the mean value of the gray levels 
of the neighborhood pixels.     

 

3. Now, we consider only 2×k+1 pixels 
(k/2<=n2) in the sorted pixels, and they are 
the median gray value and k previous and 
forward gray values in the sorted list. 

 

4. Now, the gray value that has the highest 
membership value will be selected and 
placed as output. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 shows the memberships function for the gray 
levels in the original test image. The histogram of the 
gray levels in the test image is shown in Figure 3. 

 
 
      
 
 
 
 
 
 

 
 
 

Figure 2  The memberships function for the gray 
levels in the original image. 

 

 
Figure 3 The histogram of the original image. 

 
4. Results and Discussions 
 

 A Fuzzy rule-based filtering method for image de-
noising has been proposed and implemented in this 
research. The effectiveness of this approach has been 
justified using different noisy and corrupted images. 
Experiments are carried out on a Pentium IV 2.1 GHz PC 
with 512 MB RAM. The test images are captured with a 
SONY VISCA camera. The algorithm has been 
implemented using Visual C++. Figure 4 shows an 
original test image with additive noise, and the 
corresponding output images with different filtering 
methods.  
 

 To test the effectiveness of the proposed algorithm, 
several quality measurement variables like peak signal to 
noise ratio (PSNR) and mean square error (MSE) have 
been estimated. Assume M×N initial image f(x, y), noised 
image f '(x, y), then the measure of peak signal-to-noise 
ratio (PSNR) can be defined by the following formula: 
    

         PSNR = 10log10(2552/MSE) dB                        (2) 
 

and, mean square error (MSE) is given by,   
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For example: Consider a 3x3 window of pixels as 
follows,    

91 114 175 

92 116 176 

95 111 182 

Here,  
Original value: 116 
Mean value: 128 
Median value: 114 
Let, Range value, k=2 

Sorted order           : 91,  92,   95,   111,  114,  116,  175,  176,  182 
Membership value: 0.0, 0.0, 0.03, 0.56, 0.69, 0.76, 0.04, 0.03, 0.00 
 

Selected value is: 116 
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Table 1 demonstrates the performance of the proposed 
de-noising technique compared to other techniques. A 
comparison of gray values for the output images with 
Averaging, Median and Fuzzy filtering methods is 
illustrated in Figure 5. The proposed method incorporates 
the advantages of both the median filter and averaging 
filter. This method can successfully reduce noises from 
the corrupted image that results to sharp transitions in the 
gray values, and does not make the resultant image as 
blur as the neighborhood averaging filter.  
 
 

(a) Original image (b) Original image with 
additive noise 

(c) Average filtered 
image 

(d) Median filtered image 

 
(e) Fuzzy filtered image (proposed method) 

 
 

Figure 4. The test image with additive noise and the 
output images with different filtering methods (using a 

3x3 mask). 
 

 
 
 
 

Table 1 

Comparison between different de-noising techniques 

De-noising Techniques PSNR(dB) 

No de-noising 16.54 

Average Filtering 20.13 

Median Filtering 24.52 

Fuzzy Filtering (Proposed Method) 25.95 

Comparison of gray values for differnt Filtering
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Figure 5  Comparison of gray values for the output 
images with Averaging, Median and Fuzzy filtering. 

 
V. CONCLUSION 

 

The fuzzy rule-based approach is a powerful method for 
formulation of expert system in a comprehensive way. In 
this research, a very simple and expert image de-noising 
technique has been implemented using fuzzy rule-based 
filtering. The effectiveness of the fuzzy rule-based 
filtering has been tested with different types of gray scale 
images with simple and complex backgrounds. Our next 
approach is to extend the algorithm for color images. This 
method will be very useful for segmentation, registration, 
identification and sharpening of objects in a scene. 
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