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ABSTRACT 

Noise filtering is the fundamental pre-processing step for 
digital images. In this paper we present a novel method in 
which the uncertainties of fuzzy membership function is 

modeled to reduce and the concept of this reduced 
uncertainties is used to detect the impulse corrupted pixels of 
digital images. Taking an interval instead of using a crisp 
value of membership function deals better with the 
uncertainties arises due to noisy data, uncertain meaning of 
word etc. Impulse noise is detected by using Laplacian 
operator and blurred S-shaped fuzzy membership function is 
used for removal of impulse noise where for the restoration 

the half of sum of mean and median of the kernel is used . The 
performance is compared with other existing filters on the 
basis of PSNR values calculated for original and restored 
images.   
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1. INTRODUCTION 
 Noise reduction is still the challenging problem in digital 
image processing. In digital image impulse noise 
identification and reduction is an important pre-processing 
step as images are often corrupted by noise during acquisition 

and transmission process. In the literature several fuzzy and 
non-fuzzy filters[1] have been studied for impulse noise 
reduction, in which one of the more famous filter for gray 
scale image is the median filter[2] where the central  pixel 
intensity is replaced by a median value taken within a filtering 
window. The median filter is very simple and computationally 
efficient but it causes the loss of fine image details because it 
replaces all the pixels of the noisy image by a median value 
irrespective of them being corrupted or not. 

To overcome the disadvantages of median filtering the 
solution is to detect first the corrupted pixel and then to apply 
filtering operation on those pixels. One of the main problems 
with impulse noise detection is that it is difficult to 
differentiate between an edge and an impulse noise because 
the both are having peaks in their neighbourhood in the 
intensity space. 

In the literature several modified medians filters are studied 

for impulse noise removal including the switching median 
filter(SM) [6], the centre weighted median filter [3], the RCM 
filter [4], the tri-state median filter(TSM) [5], the multi-state 
median filter(MSM) , adaptive two pass rank order filter, 

Improved median filter etc. Several fuzzy filters [7] – [13] 
such as fuzzy median filter (FMF), fuzzy weighted mean 
filter, adaptive weighted mean filter (AWMF), FIRE filters, 
fuzzy thresholding filter(FTF), fuzzy switching filter(FSF) , 
etc. have also been studied for the removal of impulse noise. 
This paper presents a two step method to remove impulse 
noise from digital images. First the detection process will be 

based on the grayscale neighbourhood information and then 
fuzzy interval is used to remove the noise using S-shaped 
membership function where we find the extent of 
impulsiveness in more effective way. The paper is organized 
in this way that section 2 describes the type-2 fuzzy sets and 
section 3 says about the filtering process. Section 4 contains 
the experimental result and section 5 is the conclusions of the 
above said process. 

2.  UNCERTAINTIES MODELING BY 

FUZZY INTERVAL 
The type-2 fuzzy set is introduced by Zadeh as an extension 
of type-1 fuzzy set [14-16] which is based upon the concept of 
taking an interval instead of a crisp value of membership 
function. Figure 1(a) shows the interval taken for crisp value 
1.3 as 1.25-1.35 and figure 1(b) and 1(c) clearly depicts how 
the fuzzy number 1.3 represented by triangular membership 

function is modeled by taking an interval between the number 
1.28 and 1.32. It minimizes the effect of uncertainties in rule 
based fuzzy logic systems (FLS). It can be useful when the 
decision of accurate membership function is difficult due to 
uncertainties in shape, location or other parameters. 
For type-1 fuzzy logic systems, there are basically four 
sources of uncertainties have been identified. 

(a) Uncertain meaning of words 

(b) Consequences associated with a histogram of values 

(c) Uncertain measurements 

(d) Noisy data 

 The impact of these factors is as an uncertain membership 
function and type-1 fuzzy sets have crisp membership 
function that is insufficient to model these uncertainties.  
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Figure 1(a) Crisp value interval around point 1.3 

 

Figure 1(b) Fuzzy membership function 

 

Figure 1(c) Fuzzy mfs interval around point 1.3 

Type-1 fuzzy sets is modelled by two dimensional 
membership function where as the type-2 is modelled by three 
dimensional membership function (figure 2). This third 
dimension allows the additional degree of freedom by which 

uncertainties can be modelled in a better way. 

  

               

 

Figure 2. Third dimension of type -2 fuzzy set. 

Membership function of type-2 fuzzy set can be obtained by 

blurring the membership function of type-1 fuzzy set [15]. 
Figure 3 shows the membership function of type-1 fuzzy set 
where for r=r’, the membership function µ(r’)=u’. This value 
of the membership function is a crisp value. Whereas in figure 
4 for r =r’, the membership function takes all the values where 
the vertical line intersects the blur. This allows us to 
characterize a type-2 fuzzy set to create a three dimensional 
membership functions. 

Type-2 fuzzy set A is characterized as : 

]}1,0[|)),(),,{((
~

~  xA
JuuxuxA    …. (1) 

In which 1),(0 ~  ux
A

  

Here Jx   is the primary membership of x. The footprint of 
uncertainty (FOU) is expressed as 


Xx

xj


FOU                                               …. (2) 

It represents the uncertainty in the primary memberships of 
type-2 fuzzy set A and it is the union of all primary 
membership functions as shown by shaded region of figure 4. 
So, the membership functions of type-2 fuzzy sets give us an 
interval instead of a single value for every element. 

 

Figure 3. Membership function of a type-I fuzzy set. 
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Figure 4. Membership function of a type-II fuzzy set. 

3. FILTERING TECHNIQUES 
This section presents the filtering technique based on type-2 
fuzzy interval concepts. This technique is a two-step process 
in which first we will detect the pixel is noisy or not and then 
filtering operation can be performed on that noisy pixels 
where impulsive pixels modifies on basis of type-2 fuzzy 
switching median scheme. 

3.1 Impulse Noise Detection 
The impulse detection is usually based on the following two 
assumptions [16]: (a) a noise-free image consists of locally 
smoothly varying areas separated by edges; (b) a noise pixel 
takes a grayscale value substantially larger or smaller than 
those of its neighbours. First the filter window of size 5x5 is 

taken where center pixel is 
 jiI ,

, and it is convolved with 

four one dimension Laplacian operators as shown in figure 5 
respectively. Each of these operators gives the value of edges 

in a different orientation. 

 

    

Figure 5. Four 5x5 convolution mask 

 

For impulse noise detection we will take the minimum of all 
these four convolution as: 

   41:|*),(|min,  pKjiIjir                        (3) 

Where pK  is the pth kernel. The impulse can be detected by 

the analysing of the values of  jir , . The value of  jir ,  

is large when  jiI ,  is corrupted by noise, and  jir ,  is 

small when  jiI ,  is noise-free whether or not it is a flat 

region, edge, or thin line pixels. 

3.2 Impulse Noise Detection Using Type-2         

Fuzzy Logic 

Let     1,0),( jir  be the type-1    membership   

function of  jir ,  which indicates the extent of the 

impulsiveness of the pixel  jiI , . The following fuzzy rules 

[15] are applied: 

 Rule 1: If  jir ,   is large, then  ],[ jir  is large. 

 Rule 2:  If  jir ,  is small, then  ],[ jir  is small 

The S-shaped membership function is used to describe the 

type-1 membership function of the impulse noise corruption 
extent on the basis of these rules. 
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Figure-6: Upper and Lower limits of a membership function and its Type-II construction. 

 
 
 

 
Type-2 fuzzy set is obtained by blurring the type-1 
membership function. We simply assign the upper and lower 
limit to each element to construct the FOU as shown in figure 
6. So Type-2 fuzzy set A is defined as: 
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The upper and lower membership degrees of the initial 
membership function μ can be defined as [20] – 

     5.0
xxupper                                                   … (6) 

    2
xxlower                                                      … (7) 

Where 1)(0  x . 

 
Here the uncertainties in the shape and position of the type-1 

fuzzy set can be represented by means of the third dimension 

represented by the FOU. 

The type-2 membership function is: 

 

         1,2 lowerupperT jir  … (8) 

Where 10    

  )2//()2/( LLgmean                                 … (9) 

Where meang  is the mean value of each sub-image and L is 

the number of gray levels used. The idea behind the μT2 

equation is that pixels with pixel values in a darker or a lighter 

neighbourhood will have greater proportion of upper  than 

lower . 

 

3.3 Impulse Noise Removal  
The detected pixels are restored by using switching method in 
which only good pixels are considered to calculate the median 

value. Here a flag is set for the corrupted pixels for both kind 
of impulse noise as shown in figure 7 and a flag image 
sequence is generated (figure 8)[19].  

 

 

Figure 7. 3x3 window showing impulse in flag sequence 

 

 

Figure 8. Final flag sequence 

Now the corrupted pixels are restored by the value calculated 
as half of sum of mean value of uncorrupted pixels and 
median value of the uncorrupted pixels which can be viewed 

by the flag sequence image of corrupted pixels. 

Suppose ),( jiy represents the pixel value at position (i, j) 

in the image and ),( jif is used to indicate whether the pixel at 

position (i, j) is impulse or not i.e. the flag sequence. Only 
good uncorrupted pixels are choosen to calculate the replaced 

value. Our method is substituting the corrupted pixels to the 

half of the sum of its median value ),( jim  and mean value 

),( jim  as defined as : 

 ),(),(),(
2

1
jijiji mmS                                    ... (10) 
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Finally the restored output is calculated by using the type-
II membership value and the replaced pixel value S(i, j) by 
using following relation. 

 

     2,2 1),(),( TjiT jiISjiY    

                                                                                   … (11) 
 
The output computed by this equation has improved result as 
compared with other fuzzy filters. 

 

4. EXPERIMENTAL RESULTS 
The performance of the filters are calculated and measured in 
terms of PSNR which is defined as follows: 
 

4.1 Root Mean Squared Error (RMSE) 
Suppose that the original image u of size M X N has been 
denoised, using an image denoising scheme, and let u~ be the 
denoised estimate. The RMSE between the denoised image 
and the original image is given by: 
 

MxN

uui

RMSE

M

i

N

j

~ijj 


 1 1

2)(

                                         …(12) 

 

4.2 Peak Signal to Noise Ratio (PSNR) 
It is inversely proportional to the RMSE, its units are in 
decibels (dB) and is formally defined by 











RMSE
PSNR

255
log20 (dB)                                     …(13) 

Where value 255 is the maximum value of pixel for an 8 
bits/pixel gray-scale image. 

Three standard images( figure 9) are used to compute the 
PSNR for restored images and its comparative results are 

shown in Table 1. 

 

   (a)                               (b)                             (c) 

Figure 9. Standard images (a) Bridge (b) Lake (c) Lena 

 

Figure 10. Computed PSNR of filters for 5% impulse noise 

 

 

Figure 11.  Computed PSNR of filters for 10% impulse 

noise 

 

Figure 12.  Computed PSNR of filters for 20% impulse 

noise 

 

5. CONCLUSIONS 
A fuzzy filter has been designed by using fuzzy interval or by 
blurring the primary membership function. The corrupted 
image is restored by taking the fuzzy interval grade value and 
the half of the sum of mean and median of uncorrupted pixels 

of window mask for impulse noise detection and removal 
from digital images. The simulation results shows that the 
result of this proposed filter is better than other existing 
filters. This algorithm can be modified and applied for the 
higher noise ratios as well as for colour images. 
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Table 1: Comparative results in PSNR of different filtering methods for three standard images for 5%, 10% and 20% impulse 

noise rati o

FILTERS 5%  IMPULSE NOISE 10%  IMPULSE NOISE 20% IMPULSE  NOISE 

LENA LAKE BRIDGE LENA LAKE BRIDGE LENA LAKE BRIDGE 

MEDIAN 33.2 28.54 25.78 32.5 28.12 25.5 31.5 26.9 24.8 

CWM 37.0 33.61 30.69 34.8 31.2 27.82 30.5 28.8 26.2 

SM 36.7 32.44 31.28 34.9 31.12 29.28 31.8 28.76 26.68 

TSM 39.1 34.26 31.8 37.0 31.83 29.32 32.0 29.23 27.28 

FTF 37.29 34.86 31.75 37.36 33.23 30.2 36.76 30.6 28.32 

FMF 37.9 33.25 31.23 35.6 33.24 28.4 31.8 28.9 27.2 

FSF 39.8 34.92 31.8 37.36 33.6 30.34 36.4 29.8 28.1 

TYPE 2 41.2 36.28 32.62 39.2 34.23 31.69 37.36 31.8 29.75 
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