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Abstract: In many of digital image processing applications, observed image is often corrupted by noise which may arise during image acquisition 

or image transmission. Noise reduces image quality and leads to unwanted results of subsequent stages of the image processing (e.g., 

segmentation, pattern recognition, and enhancement). Hence, removal of noise from images is one of the most significant tasks in image 

processing. In this work a fuzzy impulse noise removing algorithm is proposed. The proposed algorithms are evaluated through comparing their 

performances with respect to various noise removing methods. The objective measurements in terms of peak signal to noise ratio and mean 

square error show that the proposed algorithms obtain good results in noise removal and image detail preservation for wide range of noise density 
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I. INTRODUCTION   

Noise may be defined as any unwanted signal that 
contaminates an information-bearing signal. Noise is present 
in various degrees in almost all environments. An image is 
often corrupted by noise, which may arise in the process of 
acquiring the image, or during its transmission, or even during 
reproduction of the image. Removal of noise from an image is 
one of the most important tasks in image processing and the 
main barrier to effective image processing [1]. 

Impulse noise is one of the most widespread and important 
noise in digital images and consists of relatively short duration 
on/off‟ noise pulses. It affects images at the time of acquisition 
due to noisy sensors (switching, sensor temperature) or at the 
time of transmission due to channel errors (interference, 
atmospheric disturbances) or faulty memory locations in 
hardware or by synchronization errors (analog-to-digital 
conversion) during image processing [2]. 

The fuzzy logic was introduced by Zadeh in 1965, and is a 
mathematical tool for dealing with uncertainty. It offers to a 
soft computing partnership the important concept of 
computing with words and provides a technique to deal with 
imprecision and information granularity. The fuzzy theory 
provides a mechanism for representing linguistic constructs 
such as “many”, “low”, “large”, “dark” “bright” and so on [3]. 

II.    RELATED WORKS 

The proposed work consist of two main stages. Firstly, 
fuzzy noise detection to detect noisy pixels based on 
appropriate fuzzy sets and fuzzy rules, each model of impulse 
noise is processed in different way in this stage based on the 
result of noise identification stage. Secondly, it includes fuzzy 
noise filtering to restore the pixels that are classified as a noisy 
based on the result of noise detection stage as well as an 
appropriate fuzzy sets and fuzzy rules. 

A. Impulse Noise Detection 

In many cases, impulse noise filtering without classifying 
the noisy and noise free pixels tend to distort the edges and 
blur the image. Therefore, impulse noise detection is a 
necessary step before noise filtering. 

Particularly, impulse noise is generated by bit error in the 
data transfer process, and may be typically defined as the 
corruption which has randomness and sparseness. Impulse 
noise is always independent and uncorrelated to the image 
pixels, a number of image pixels will be noisy and the rest of 
pixels will be noise free.The impulse noise model can be 
described as follows [4]: 

 

      ……… ...1 

Where, I(x,y) is the noisy image pixel, O(x,y) is the 
uncorrupted (original) image pixel and n(x,y) is the noisy 
impulsive pixel at position (x,y). 

In this work Salt and Pepper noise (SPN) is considered as 
impulse noise. In salt and pepper noise the noisy pixels take 
either the maximum intensity value L_max (gray level with 
225) or minimum intensity value L_min (grey level with 0) 
and it appears as white and black spots on the images. Hence, 
the value of n(x,y) in Eq. (1) will be either 255 or 0. If (P) is 
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the total noise density then salt noise and pepper noise will 
have a noise density of (P/2). At times the salt noise and pepper 
noise may have different noise densities P1 and P2 and the 
total noise density will be as: P=P1+ P2.when an image is 
corrupted by SPN a noisy pixel takes one of the two extreme 
values either 0 or 255. Hence, a pixel that has a value equal to 
0 or 255 is considered a suspected pixel. However, when a 
suspected pixel is similar to its noise free neighbors, it can be 
considered a noise free pixel. Two pixels are considered 
similar when their absolute difference in grey value is small 
but not zero, because when the two pixels are noisy too, their 
absolute difference can be equal to zero. The linguistic value 
“small” can be represented by a fuzzy set “Small Absolute 
Difference” of which the membership function μ_small is 
shown in figure (1). 

 

Figure (1): Membership function of fuzzy set “Small Absolute 
Difference” 

The membership function μ_(small ) is determined by the 
two predetermined parameters a and b . Where, a=10 and b=22 
based on [5]. 

The required steps for SPN detection are summarized as 
follows: 

Assume that (2K+1)×(2K+1) starting with (K=1) is a 
neighborhood around a central pixel I(x,y) at position (x,y) of 
an image I. If the value of the central pixel in the considered 
window doesn’t matches one of the salt and pepper values (i.e. 
I(x,y)≠0 or 255), it is considered as a noise free pixel. 
Otherwise, the following steps will be performed:Counting the 
number of noise free pixel in the observed window by using 
the binary matrix M_SP in Eq. (3.2) and the following 
equation: 

 

If ( G_xy^d<1) , then the window size will be increased by 
incrementing the value of K. This procedure is repeated until 
the condition (G_xy^d≥1) is met. 

 

 

Calculate the absolute differences between the central 
pixel and its neighbors in the observed window as follows: 

〖     D〗_xy =|I(x+s,y+t)-I(x,y)|, with I(x+s,y+t) 

≠I(x,y)    ... (3) 

where: s,t∈{-K,…,+K} …4 

Find the maximum value in〖 D〗_(xy ) as: 

m_xy=max(D_xy) 

 

…5 

…………   6 

B. Impulse Noise Filtering 

The filtering process operates on only those pixels that 
have a membership degree smaller than one in the fuzzy set 
Noise-Free (i.e.,μ_noisefree (I(x,y))<1 is considered as a noisy 
pixel). The filtering window size (2L+1)×(2L+1) is chosen 
adaptively according to the output of noise detection stage 

(i.e.,〖 μ〗_noisefree) as follows:count the number of the 

noise free pixels in that window by: 

G_xy^f=∑_(s=-L)^L▒∑_(t=-L)^L▒〖I(x+s,y+t) with 

μ_noisefree (I(x+s,y+t))=1〗 ………………(7) 

If (G_xy^f<1), then the window size will be increased by 
incrementing the value of L. This procedure is repeated until 
the condition (G_xy^f≥1) is met. 

When the pixels in a neighborhood are similar or belong to 
very homogeneous region, median based algorithms are 
working well in removal of impulse noise, but when the pixels 
are belong to region that contains an edges or image details, it 
is necessary to incorporate the knowledge of the other pixels 
which is represented by their weights. Hence, for each 
observed filtering window (2L+1)×(2L+1) a fuzzy set called 
„Similar‟ is constructed for determining the similarity degree 
of each pixel in that window as well as to the weight that 
assigned in the noise detection stage. Pixels having similar 
intensities in the observed filtering window will have higher 
membership degree in fuzzy set Similar. Edge pixels also will 
have similar intensities along the edges hence will have higher 
membership degree, whereas noisy pixels will have dissimilar 
intensities from neighboring pixels hence their membership 
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degree will be low. The fuzzy set „Similar‟ is represented by 
Gaussian shaped fuzzy membership function μ_similar as 
shown in figure (2). 

 

Figure (2) Membership function similar of fuzzy set “Similar” 

The membership function of fuzzy set “Similar “is 
determined by two parameters (c and σ). Where c represents 
the center of the membership function (i.e., where the 
membership function achieves a maximum value), and σis 
related to the spread of the membership function. Hence, these 
parameters are derived adaptively according to the 
neighborhood homogeneity at (2L+1)×(2L+1) as follows 

 

The behavior of the membership function μ_similar can be 
described depending on Eq. (8) and (9) as follows: 

1. The spread of the membership function will be 
relatively large when the observed window belong to 
non- homogenous region (e.g., at edges or image 
texture). Whereas the spread of the membership 
function will be decreased whenever the homogeneity 
level will be increased. In the exceptional case when 
the noise free pixels in the observed window have the 
same value, the value of σ will be zero (the output is 
infinity). Therefore, the Max operation in Eq.(9) is 
used with (0.01) to avoid the infinity case in Eq.(10). 

2. The membership function achieves a maximum degree 
at the mean value of the noise free pixels in the 
observed window.Hence, the efficiency of the filtering 
process will be increased with employing the 
membership function μ_similar by removing noisy 
pixels and keeping image details intact as much as 
possible. The membership function μ_similar is given 
by 

 

The final fuzzy weight w_k for each pixel p_k in the 
observed window of size (2L+1)×(2L+1) is determined by the 
following fuzzy rule:Fuzzy Rule : Defining the fuzzy weight 
degree for p_k: IF (p_k is noise-free) AND (p_k is similar) 
THEN (w_k is high) 

The input to fully connected layer has to be a vector 
dimension. Therefore, flatten is employed for transforming an 
nxn dimensional image into a vector with dimensions of This 
rule can be implemented using the intersection operation of 
two fuzzy sets. Thus, the truthness of the rule above is obtained 
by: 

w_k=min{μ_noisefree (p_k ),μ_similar 〗(p_k)}….11 

Where, the index k varies from 1 to (2K+1)^2 to s one of 
the window elements. 

Ultimately, the output of the fuzzy filtering process for a 
certain pixel I(x,y) in the considered window of size 
(2K+1)×(2K+1) is denoted as F(x,y) and is calculated as 
follows [6]: 

 

Where, I(x+s,y+t) represents the pixels of the considered 
window around the central pixel and w(x+s,y+t) represents the 
corresponding weight for each pixel in that window. 

C. Experimental Results 

In this section the performance of the proposed gray 
algorithm is compared to the following noise reduction 
methods: MF[7], HFF[8], AMF[7], FSM[9] and AWTMF[10]. 
All methods have been applied on the “Parrot” image 
corrupted with different percentages of SPN.Table (1) shows 
the numerical results of objective the quality measurements in 
terms of PSNR and MSE for the “Parrot” image corrupted with 
10%, 30% and 50% of SPN. It is clear from table (1) that the 
proposed algorithm outperforms the other filtering methods. 
Figure (3) shows the noise density effect on the performance 
of the proposed algorithm and the performance of the related 
works in term of PSNR. Additionally, these results are visually 
confirmed in figure (4) that shows the noisy image corrupted 
with 40% SPN and the filtered image for all of the compared 
methods. Figure (4) shows that the proposed algorithm is the 
best in the noise suppression and detail preservation. 

It is clear from figure (3) that the proposed algorithm 
obtains the best result in low and high noise densities due to 
the following main reasons: 

1. Using powerful noise detection scheme. 

2. Using adaptive window size in the noise detection 
stage and noise filtering stage depending on 
number of noise- free pixel in the observed 
window. 
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3. Employing the uncertainty of the fuzzy logic in 
the noise detection stage and noise filtering stage.  

Table I. Comparative Results In PSNR And MSE Of The 
Proposed Algorithm With Different Methods 

 

 

 

Figure (3): Comparison chart in PSNR of the proposed algorithm 
with different methods 

 

Figure (4): Results of SPN removing of “Boats” image, (a) 
original image, (b) Noisy image corrupted with 40 % SPN (PSNR: 

9.46), (c) Filtered image using MF (PSNR: 18.34), 

(d) Filtered image using FSM (PSNR: 20.07), (e) Filtered image 
using HFF (PSNR: 25.25), (f) Filtered image using AMF (PSNR: 

27.05), (g) Filtered image using AWTMF (PSNR: 29.54) (h) 
Filtered image using the proposed algorithm (PSNR: 30.08). 

III. CONCLUSIONS     

In this work the following points are concluded: 

▪ The efficiency of fuzzy techniques in image noise 
reduction depends on the correct choice of the fuzzy 
sets and the fuzzy rules, the accuracy of determining 
the membership function boundaries and the 
defuzzification process. 

▪ The adaptive size of the processed window in the 
noise detection and noise filtering stages gave the 
proposed algorithms the best results in the objective 
measurements and visual quality as compared with 
the other methods even when the noise density is 
high. 

▪ The shape of the membership functions of fuzzy set 
“Similar” in figures (2) is adapted according to the 
homogeneity level of the processed window. This 
feature gave the proposed algorithms the ability to 
distinguish between the image detail and noisy pixels 
to get better results in noise removal and image detail 
preservation. 
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