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Abstract
Removing noise from the original image is still a challenging 
research in image processing. This paper proposes  five types 
of filters as Standard Median Filter(SMF), Rank-order based 
Adaptive Mean Filter(RAMF), Noise Adaptive Fuzzy Switching 
Median Filter(NAFSMF), and Combining NAFSM Filter and 
AKM(NAFSM-AKM) techniques based on statistical methods for 
the removal of Salt and Pepper noise. The quality of the enhanced 
images is measured by the statistical quantity measures: Peak 
Signal-to-Noise Ratio (PSNR), and Mean Square Error (MSE).

Keywords
Impulse Noise, Salt and Pepper Noise, NAFSM- AKM, Rank-
Order Based Adaptive Median Filter

I. Introduction
Image Denoising is one of the most important concerns in Digital 
Image Processing. Noise may occur during their acquisition, 
transmission, sensing and storage etc.  Several studies can also 
take the benefit of it such as technical diversity of the digital image 
processing, replication sites and maintaining the accuracy of the 
original data. This paper describes different methodologies for 
noise reduction giving an insight as to which filter should be used 
to find the most reliable estimate of the original image data. Several 
filters have been developed for denoising of images [1-8]. Standard 
Median Filtering (SMF) is a non-linear, low-pass filtering method 
which can be used to remove noise from an image. A median filter 
can out perform linear, low pass filters, on this type of noisy image 
became it can potentially remove all the noise without affecting the 
‘clean’ pixels. RAMF is that it always ensures only those pixels 
which are not impulses are retained while ascertains that even in 
cases where the pixels are to be replaced by the median values, 
they are not impulses at all, making sure of preserving image 
details. NAFSMF is filtering mechanism employs fuzzy reasoning 
to handle uncertainty present in the extracted local information 
as introduced by noise. NAFSN- AKM filter is able to suppress 
high-density of salt-and-pepper noise, at the same time preserving 
fine image details, edges and textures well.

II. Standard Median Filter (SMF)
Standard Median filter, provides better removal of impulse noise 
from corrupted images by replacing the individual pixels by 
the median value of the gray level of the pixels from a chosen 
neighbourhood. For a current image f which is noisy, the median 
filter is a sliding square window of odd size that moves over the 
entire image, replaces individual pixel of the image by the median 
of all the pixels of the window. The implementation of median 
filter consists of computing the median of the grey-level values 
within the square or rectangular filter window surrounding each 
pixel[9]. For example, let the mask is a 3X3 and the pixel values 
in the nine positions are given by the following table. This filter 
arranges all the grey level values in the ascending order and selects 
the middle value and replaces the middle pixel of that set of pixel 
values. 09, 34, 43, 67, 134, 178, 209, 210 and 234. The middle 

pixel value 43 is replaced with 134.
178 234 67
209 43 134
34 210 09

III. Rank-order based Adaptive Median Filter (RAMF)
Median filter is a special case of the Rank Order Filter (ROF) and 
that the output of ROF can be any sorted element [12]. Two types 
of adaptation are incorporated into in the ROF:

Adaptive filtering output• 
Adaptive window size. For the aspect of adaptive filtering • 
output, in the AROF the output may be noise-free median 
or an noise-free non-median which is then used to replace 
the center pixel. As for the adaptive window size, a similar 
window expansion scheme in the AMF is adopted where the 
criterion to expand window is all pixels within the current 
window are noisy, instead of only checking the median as 
in the AMF. The ROF with these two adaptations is called 
AROF which is in this paper and employed to remove image 
noise.

Given noisy image A and initial window size 3× 3, the AROF is 
implemented as follows:
Step 1. Duplicate noisy input image A to output image B.
Step 2. Check if the center pixel in input image A is noisy. If yes, 
then go to Step 3. Otherwise, move the center of window to next 
pixel and redo Step2.
Step 3. Sort all pixels within the window in the ascending order 
and find the minimum min, median med, and maximum max.
Step 4. Determine if is noisy by min med max  <  <  . If it holds, 
med   is not a noisy pixel and jump to Step 5. Otherwise,  is noisy 
and go to Step 6.
Step 5. Replace the corresponding center pixel in output image 
B with and go to Step 8.
Step 6. By min med max  < < check if all other pixels are noisy. 
If yes, then expand window and go back to Step 3. Otherwise, 
go to Step 7.
Step 7. Replace the corresponding center pixel in output image B 
with the noise-free pixel which is the closest one to the median.
Step 8. Reset window size and move the center of window to 
next pixel.
Step 9. Repeat the steps until all pixels are processed.
In the  AROF, input image A is duplicated to output image B. The 
input image A remains unchanged in the filtering process while 
noisy pixels in the output image B are replaced with the output of 
AROF. This doing is to avoid reusing the pixels processed by the 
AROF and thus the visual quality of restored image is expected 
to be better.

IV. Noise Adaptive Fuzzy Switching Median Filter 
(NAFSMF)
The NAFSM filter is a recursive double-stage filter, where initially 
it will perform the salt-and-pepper noise intensities detection 
before identifying the locations of possible noise pixels. When a 
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“noise pixel” is detected, it is subjected to the next filtering stage. 
Otherwise, when a pixel is classified as “noise-free,” it will be 
retained and the filtering action is spared to avoid altering any fine 
details and textures that are contained in the original image. Two 
salt-and-pepper noise intensities will be used to identify possible 
“noise pixels” in the image. A binary noise  mask will be created 
to mark the location of “noise pixels” by using

  (1)
where, X(i,j) is the pixel at location (i,j) with intensity X ,
N(i,j) = 1 represents “noise-free pixels” to be retained from the 
noisy image while N(i,j) =0 represents “noise pixels” subjected 
to the next filtering stage.
The noise mask N(i,j) is created, “noise pixels”  N(i,j) = 0 will be 
replaced by an estimated correction term. Here we use a square 
filtering window W2z+1 (i,j) with odd (2z+1 )×(2z+1) dimensions, 
given as

 (2)                           
For each detected “noise pixel”, the size of the filtering window is 
initialized to 3 x 3, i.e. z=1. These “noise-free pixels” will all be 
used as candidates for selecting the median pixel, given by

  (3)
After the median pixel M(i,j) is found, the local information in a 3 
x 3 window is extracted by first computing the absolute luminance 
difference d(i,j) as given by

  ( 4)
As part of the filtering mechanism in the  NAFSM filter, fuzzy 
reasoning is applied to the extracted local information D(i,j). The 
fuzzy set adopted is defined by the fuzzy membership function 
F(i,j) 

 (5)
where, the local information D(i,j) is used as the fuzzy input 
variable, and the two predefined thresholds T1 and T2 are set to 
10 and 30, respectively, for optimal performance [1,10]. Finally, 
the correction term to restore a detected “noise pixel” is a linear 
combination between the processing pixel X(i,j) and median pixel 
(i,j). The restoration term Y(i,j) is given here as

 (6) 

V. Combining NAFSM Filter and AKM (NAFSM-AKM)

A. Adaptive K-Means Clustering
The Adaptive K-Means scheme is a Competitive Agglomeration 
(CA) clustering algorithm that has been developed by Frigui and 
Krishnapuram [9]. The objective of the CA clustering algorithm 
is the minimization of an objective function that incorporates 
the advantages of both hierarchical and contextual clustering. 
The CA algorithm produces a sequence of partitions where the 
number of clusters decreases at each iteration. The initial partition 
of data has an over specified number of clusters, and the final 
partition converges to an “optimal” number of clusters. The update 
equation in the CA algorithm creates an environment in which 
clusters compete for feature points and only clusters with large 
cardinalities survive [12].

As it was mentioned above, the aim of the CA algorithm is the 
minimization of an objective function that is illustrated in the 
following equation:

 (7)
It should be noticed the two components of the objective function. 
The first term is similar to the Fuzzy C-Means objective function. 
The second component is the sum of squares of the cardinalities 
of the clusters that allows the algorithm to control the number of 
clusters and reduce them progressively.
Combining these components and making a proper choice for 
parameter, the final partition will minimize the sum of intra-cluster 
distances, while partitioning the data set into the smallest possible 
number of clusters.
Steps of the CA Algorithm:

Fix the maximum number of clusters = c1. max;
Initialize iteration counter k=0.2. 
Initialize the fuzzy C membership matrix U.3. 
Compute the initial cardinalities n4. j for 1≤ j ≤ c, using equation  

(the cardinality of a cluster s).
Loop in the following steps until the prototype parameters 5. 
stabilize:

a. Compute  for 1≤ i ≤ n ,1≤ j ≤ c;
b. Update α(k).

  (8)
Where: ηo exp(-k)⁄(τ)  is the exponential decay factor, k is the 
number of iterations and τ is the time constant.
c. Update the partition matrix by using the equation
     (9)
d. Compute the cardinality nj for 1≤ j ≤ c using the
equation: 
e. If  discard cluster cj;
f. Update the number of clusters c;
g. Update the prototype parameters k=k+1;
6. Until (prototype parameters stabilize).
The main advantage of the hierarchical procedures is that the 
clustering is not influenced by the starting conditions and  the 
number of clusters doesn’t need to be mentioned a priori. The main 
disadvantage of hierarchical clustering procedures is that they 
partition the data statistically and no information about the global 
shape or size of clusters is used in the clustering process. Also, 
this type of clustering has a static character because the points 
that are committed to one cluster in the early stages cannot move 
to another cluster since the sequence of partitions is nested.

B. ROM Based Noise Detection
An impulse can be identified by the height of its brightness jump 
in comparison with the surrounding pixels. Thus impulse detection 
can be reduced to the analysis of local image statistics within a 
window whose size is defined by a filter. 
It is well known that the difference between the rank of an impulse 
and the rank of the median in a local window is usually large 
[10]. Let us consider the variational series (pixels from a filter 
window arranged by their value in ascending order) for a given 
filter window [11]. The median is always located in the center of 
the variational series, while any impulse is usually located near 
one of its ends. This gives a natural and simple idea for impulse 
detection. This idea is based on a comparison between the rank 
of the pixel of interest and a threshold value:
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  (10)
where, Xij is the pixel of interest, s>0 is the threshold and N is the 
length of the variational series. R(x) is the function that returns the 
rank (the position: from 1 to N) of an element x in the variational 
series. The sign “V” stands for disjunction. Therefore, if the 
condition (10) holds for some pixel Xij then this Xij is classified 
as corrupted by impulsive noise.
The detector (10) has been considered in [11]. It is very simple 
and gives good results. But it has a disadvantage, which makes the 
level of misdetection high. For every pixel corrupted by impulsive 
noise there exists an s such that the condition (10) holds, but the 
converse is not true, i.e. the condition (10) is no guarantee that 
a given pixel is corrupted by impulsive noise. The detector (10) 
takes into account only the ranks of signal values, but it does not 
consider these values themselves. This means that, even if it is 
usually possible to detect all the impulses by (10), many pixels 
may be classified as corrupted by mistake. So if a pixel is not 
corrupted, but still has the highest or lowest rank (e.g., if the 
pixel is part of an edge) it will be identified as an impulse. To 
overcome this disadvantage, it is necessary to take into account 
not only the rank of the pixel of interest, but also to consider its 
brightness value. 
The first approach is to compare the pixel of interest to the 
median:

    (11)

where,  is the median in a local window around the (i,j)
th pixel. Equation (11) represents another simple detector, which 
can take an equivalent form: exp(dij )≥Θ. The only difference is 
their reaction to the thresholds Θ and Θ1. This detector also tends 
to detect edges as impulses and thus can be effective only when 
filtering heavily corrupted images. Both detectors (10) and (11) 
were considered in [14]. They form the basis for the development 
of the new detector that is described below. 
We propose to consider here more accurate approach to analyzing 
a brightness value: calculating the difference with its closest 
neighbor in the variational series (the neighbor is chosen from 
the interval between the pixel of interest and the median):

  (12)
where, Var(k) returns a value of the pixel whose rank is k. In fact, 
(12) can be considered as an operator of differentiation. 
From (10), (11), and (12) we can obtain the folloing formula:

 (13)
where,  and  are the signs of conjunction and disjunction, 
respectively.
Depending on how  is calculated, two different detectors are 
obtained. If  is calculated according to (11), then the detector 
(13) is called an enhanced rank impulse detector (ERID). If  is 
calculated according to (12), then (13) is called a Differential 
Rank Impulse Detector (DRID). In both cases, the detector (13) 
is based on a conjunction of two estimators, which alows for quite 
precise detection of impulses. It should be noted that for lightly 
corrupted images (up to 20% corruption rate) the DRID performs 
better than the ERID.

C. Neighbour Mean Based Noise Reduction
The mean filter is a simple sliding-window spatial filter that 
replaces the center value in the window with the average (mean) 
of all the pixel values in the window. An example of mean filtering 
of a single 3x3 window of values is shown below.

Table 1: Unfiltered Values

5 3 6

2 1 9
8 4 7

5 + 3 + 6 + 2 + 1 + 9 + 8 + 4 + 7 = 45  (45 / 9 = 5)

Table 2: Center Value (Previously 1) is Replaced by the Mean of 
all Nine Values (5)

5 3 6

2 5 9
8 4 7

Mean filter is used to restore corrupted images effectively. The 
average (mean) filter smoothes image data, thus eliminating noise. 
This filter performs spatial filtering on each individual pixel in 
an image using the grey level values in a square or rectangular 
window surrounding each pixel. Here the mean filter adopted 
only for noise pixels.

VI. Experimental Results and Simulation Analysis
The performance of the NAFSM- AKM filter algorithm was 
tested over a wide variety of 8-bit gray scale images of 512×512 
size against Standard Median Filter (SMF), Rank-ordered Based 
Adaptive Median Filter (RAMF), Noise Adaptive Fuzzy Switching 
Median Filter (NAFSMF) and Combining NAFSM Filter and 
AKM Filter (NAFSM- AKM). The proposed filter is found to 
perform quite well on images corrupted with impulse noise up to 
the level of 95%. The Peak Signal to Noise Ratio (PSNR),Mean 
Square Error (MSE) and Computational Time (CT) are used to 
measure the objective dissimilarities between the filtered image. 
The Peak Signal to Noise Ratio (PSNR) is used to assess the 
signal preserving capability of the restoration algorithm The Mean 
Square Error (MSE) has been used for numeric estimation of 
algorithm’s efficiency in this work. 

    (14)
where, Mean Square Error, (MSE) is

   (15)
R – Maximum fluctuation. By default 255.
Z – Original Image.
A – Restore image.
m – number of rows.
n – number of columns
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Fig. 1: Original Image

Fig. 2. Shows Images Restored by SMF, RAMF, NAFSM and Proposed (NAFSM-AKM) Respectively in Each Row Against Various 
Levels of Noise
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Table 3:  MSE, PSNR and CT (Seconds) at Different noise levels for “Lena” image

Noise
% SMF RAMF NAFSMF NAFSM- AKM

MSE PSNR CT MSE PSNR CT MSE PSNR CT MSE PSNR CT

60 1285.8 17.039 0.4524 1185.8 18.039 1.752 647.051 20.021 2.168 390.279 22.217 20.358

70 1811.8 15.549 0.4992 1211.8 16.549 1.699 760.902 19.318 2.402 528.318 20.902 22.168

80 2438.4 14.259 0.5460 2138.4 13.259 1.946 939.033 18.404 2.465 794.713 19.129 24.102

Fig. 3: Performance Analysis of SMF, RAMF, NAFSM and NAFSM-AKM Filters for “lena”  Image

VII. Conclusion
An efficient NAFSM-AKM algorithm is introduced for the 
restoration of images corrupted with almost all impulse noise 
levels. The results obtained using NAFSM-AKM filter technique 
ensures noise free and quality of the image as well. It is also fast and 
efficient in its computing implementation. Experimental results 
show the feasibility of the new filter. This is affirmed by auditing 
the numerical measures like PSNR, MSE and computation time 
and visual observations. NAFSM-AKM filter provides maximum 
suppression of impulse noise while preserving fine details.

REFERENCES
[1] M. Nachtegael, D.Vander Weken, E. E. Kerre,“Fuzzy 

techniques in image processing: three cast studies”, Int, 
J.Comput Anticipatory Syst., Vol. 12, pp. 89-104, 2002.

[2] S. Schulte, M. Nachtegael, V. D. Witte, D. Van der Weaken, 
E. E. Kerre,“A fuzzy impulse noise detection and reduction 
method”, IEEE Trans. Image Processing., Vol. 15, No. 5, pp. 
1153-1162, May 2006.

[3] W. Luo,“Eficient removal of impulse noise from digital 
images”, IEEE Trans. Consumer Electron., Vol. 52, No. 2, 
pp. 523–527, May 2006.

[4] Z. F. Deng, Z. P. Yin, Y. L. Xiong,“High probability 
impulse noise-removing algorithm based on mathematical 
morphology”, IEEE Signal Process. Lett., Vol. 14, No. 1, pp. 
31–34, Jan. 2007. 

[5] K. K. V. Toh, H. Ibrahim, M. N. Mahyuddin,“Salt-and-pepper 
noise detection and reduction using fuzzy switching median 
filter”, IEEE Trans. Consumer Electron., Vol. 54, No. 4, pp. 
1956–1961, Nov. 2008. 

[6] P. Y. Chen, C. Y. Lien,“An efficient edge-preserving algorithm 
for removal of salt-and-pepper noise”, IEEE Signal Process. 
Lett., Vol. 15, pp. 833–836, 2008.

[7] X. Zhang, Y. Xiong,“Impulse noise removal using directional 
difference based noise detector and adaptive weighted mean 
filter”, IEEE Signal Process. Lett., Vol. 16, No. 4, pp. 295–
298, Apr. 2009.

[8] K. K. V. Toh, N. A. M. Isa,“Noise adaptive fuzzy switching 
median filter for salt and pepper  noise reduction”, IEEE 
Signal Process. Lett., Vol. 17, No. 3, pp. 281–284, Mar. 
2010.

[9] Dr. G. Suganthi, M. Mohana Dhas,“High Density Salt-and-
Pepper Noise Reduction by combining NAFSM Filter and 
AKM”, oct. 2011.

[10] J.Astola, P.Kuosmanen,“Fundamentals of Nonlinear Digital 
Filtering”, CRC Press, NewYork, 1997.



IJCST Vol. 3, ISSue 2, AprIl - June 2012ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology 157

[11] Igor Aizenberg,“Effective Impulse Detector based on Rank-
Order Criteria”, IEEE Signal Processing Letters, Vol. 11, No. 
3, March 2004.

[12] Cheng-Hsiung Hsieh, Po-Chin Huang,“Adaptive Rank 
Order Filter for Image Noise Removal”, World Congress 
on Computer Science and Information Engineering, 2009.


