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Abstract: Noise Elimination is an important task in image processing. This paper proposes an efficient noise
removal technique using Decision based Median Filter, which can remove impulse noise effectively from highly
corrupted images while highly preserving image details. Simulations  have  demonstrated  that  the  new
adaptive algorithm could efficiently reduce impulsive noise even if the image is corrupted by high noise density.
This filter reduces impulse noise in much better way when compared with filter using Threshold, Fuzzy
Technique and Adaptive switching median Filter. Various Parameters such as PSNR, MSE, ISE and NAE are
compare which reveals proposed method is more efficient. Also implementation of the proposed method is easy
and less complex when compared to other methods.
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INTRODUCTION pixels in a sliding  window  was  discussed  in  [4,  5].

Noise elimination is a main concern in image The n-dimensional filter decomposed recursively to a
processing. Noise can appear in images from a variety of lower dimensional space to generate two sets of n(n-1)
sources, during acquisition process due to camera’s dimensional  filters   technique  was  discussed  in  [7].
quality and resolution. Impulsive noise generates pixels The hybrid  technique  is  discussed  in  papers  [8,  9].
with gray level values not consistent with their local The comparative study are discussed in [ 0-11]. Switching
neighborhood. In the presence of impulsive noise linear median filter and the decision based median filter are
filter, which consist of convolving the image with suitably combined together called new tristate switching
constant matrix to obtain linear combination of median filter (NTSMF) [14-15]. This filter proposes to
neighborhood values can produce, blur so instead of suppress a noise and also to preserve the useful
linear filter, non-linear filter is preferred. Filters  that information in the signal or image. The impulse detector is
cannot be modeled by convolutions fall into the category used to detect the impulse noise from sources. This is
of nonlinear filters  [1].  The  most  popular  non-linear based on the switching logic [16]. Image-Filtering
filter is the median filter. When considering small Structures was discussed in [17].
neighborhood, it is highly efficient. In order to reduce noise effects a new technique

An optimal impulsive noise filter must smooth called image fusion is adopted [9, 18]. In this technique
dissimilarities of pixels in homogenous regions, preserve instead of individually denoising the images the images
edge information and not alter natural information. are merged and denoised. The impulse noise raised during
Comparison of various filters is discussed in [2]. Median transmission of images is removed using hybrid filtering
filer of different length was discussed by H. Lin et.al [3]. algorithm. A median is taken and the image is scanned
The technique which replaces pixel valueby differences and filtered in four directions, further the corrupted pixel
between the input pixel and the remaining rank-ordered is replaced by this filtered pixel [19]. A new technique 

VLSI architecture for impulse noise was discussed in [6].
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called Intro sort algorithm is used to reduce noise in infra For an efficient filter to work, We have to see whether
red images. Quick sort and heap sort techniques are being a current pixel belongs to an edge pixel or a noisy pixel in
adopted in this technique, also prior knowledge of noise non smooth regions. If the decision is incorrect either the
is not required [20]. Median filters are good in noise image edge becomes blurred or the noise cannot be
suppression but in some cases the edges are not removed. Moreover, filtered errors will be propagated to
preserved also image blurring happens. Hence in the same the pixel processed next due to recursive nature of
median filter five different steps are adopted to carefully algorithm. To avoid inclusion of noisy pixels, the
preserve edge details [21]. horizontal edge factor is adaptively computed by using

Other than median filters fast switching filters remove previously filtered pixels.
impulse noise efficiently [22].

Methodology: Impulsive noise reduction requires more
sophisticated techniques that handle additional
information about the image. This additional information
allows the use of statistics and thresholds, making filters where  pixels   f(i-1,   j-m)   and  f(i,  j-m)  have  been
adaptive to image regions. First we will give brief filtered.
description of median filter, peak-and-valley filter, cross- Based on the ED value, the noise threshold can be
type peak-and valley filter, Impulsive noise Removing dynamically   adjusted   to  reduce  edge  distortions.
filter using Threshold algorithm and after that we will When ED is high, the threshold is increased accordingly.
discuss filter using fuzzy technique. Amount of noise is an important factor in determining the

Impulsive Noise Reduction Filter Using Threshold
Algorithm: This algorithm is split into two parts i.e noise Th = f(ED, NC) = K1+ (K2*ED) - (K3*NC)
detection and adaptive filter. The pixels of previous
scanning line and some of the pixels of current scanning where K1, K2 and K3 are constants.
line has already been filtered. 

 In 3x3 window let Dm is the local mean of filtered Fuzzy Impulse Noise Removing Algorithm: The goal of
pixels for the current pixel. Another parameter Ym is he fuzzy impulse detection is to generate a fuzzy flag map
mean of pixels that have not yet been processed. Pixels which gives each pixel a fuzzy flag indicating how much
fi,j+1 and fi +1,j+m where m= -1,0,1 represents a not yet it looks like an impulse pixel. Let I denote the corrupted
processed in the current scanning line and  following  one noisy image of size l * l  and x is its pixel value at
respectively, If the processed pixel is unaffected by position ( i,j ) ie I = { x :1  i  l  1  i  l }.It is well known
impulsive noise, it’s gray value is close to Dm or Ym. ND that a natural noise –free image is locally smoothly
can be expressed by varying and is separated by edges. A noisy pixel is

possible pixel values.

fi,j is a corrupted pixel, otherwise fi,j is a noise-free pixel. W  = {x . ...x …x }. In order to judge whether x is
Where Th is the noise threshold. an impulse pixel, the proposed algorithm consists of the

If we decide the current pixel is a corrupted pixel, then following steps. First detect the locations and values of
a nonlinear filtering procedure is used to remove noise, impulse noise based on the  histogram  of the  noisy
which is given by image.  Next  test  the  match  ability of pixel value x  on

images. If it does not match then x is a noise-free pixel.

This filtering method possibly blurs image edges simple and effective measure for detecting impulses. To
unless the noise reduction ability near edges is reduced. give the pixel x a fuzzy flag indicating how much it looks
In doing so, adapting of edge detection (ED) in threshold like an impulse pixel, the following two membership
adaption improves on filtering quality. function is used.

Parameter of horizontal ED is computed by

appropriate adaptive function.

1 2 ij

ij 1, 2

located near one of the two ends in the interval of

Let W denote the 3*3 window centered about x  ieij ij

ij i-1,j-1, ij, i+1,j+1 ij

ij

one of the peak locations in the histogram of the noisy
ij

Otherwise calculate the maximum value M of | x -s | for allij ij ij

s W  and s  x The value of M  provides us with aij ij ij ij. ij

ij,
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Table 1: Performance of Various Impulse noise removing filter 
Noise ratio
--------------------------------------------------------------------------------------------------------------------------------------

Filter Metrics 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
Filter using threshold PSNR 22.83 22.74 22.56 22.01 21.92 21.52 20.86 20.34 19.82 19.54

MSE 26.15 27.56 27.89 28.23 28.64 28.91 29.33 29.71 29.91 30.04
ISE 27.10 27.45 27.64 27.72 27.94 28.13 27.31 28.75 29.16 29.30
NAE 25.64 25.90 26.01 26.14 26.49 26.69 26.90 27.12 27.45 27.86

Filter using Fuzzy technique PSNR 26.14 26.01 25.90 25.56 25.24 24.96 24.68 24.26 23.92 23.54
MSE 28.24 28.76 28.96 29.17 29.43 29.72 30.01 30.45 30.72 31.06
ISE 28.14 28.64 28.93 29.05 29.35 29.73 29.94 30.16 30.34 30.56
NAE 24.32 24.82 25.01 25.39 25.68 25.91 26.20 26.49 26.73 26.92

Adaptive Switching median Filter PSNR 29.30 29.16 28.75 28.13 27.72 27.31 26.81 26.20 25.64 25.00
MSE 24.23 24.65 24.98 25.17 25.52 25.81 26.13 26.49 26.69 26.90
ISE 25.56 25.68 25.91 26.20 26.49 26.73 26.92 27.16 27.42 27.63
NAE 23.16 23.48 23.68 23.94 24.32 24.82 25.01 25.39 25.68 25.91

Decision based Median Filter PSNR 33.34 33.10 32.89 32.34 31.72 31.43 30.92 30.31 29.87 29.52
MSE 19.21 19.64 19.82 20.20 20.49 20.72 21.10 21.47 21.62 21.80
ISE 20.32 20.84 20.97 21.16 21.59 21.87 22.29 22.51 22.74 22.95
NAE 22.03 22.31 22.47 22.63 22.81 22.97 23.12 23.33 23.45 23.62

they are detecting their position and after finishing then

where T and T  are two predetermined parameters. The pixel is good or bad. If the binary value indicates ‘0’2 1

following values for T and T are selected for better noise means the pixel is good and ‘1’ means that has been2 1

removal. 10  T  20 and 20  T  30. For all noise –free found to be an impulse noise. Only the pixel which is1 1

pixels, f  is set to zero. affected  by  noise  will  be  processed.  The  advantageij

After the membership function f  for each pixel x is of this filter is that they can remove almost the entireij ij

calculated, the pixel value of x  is calculated, the pixel noise pixel. It is used for edge detection and objectij

value of x  is replaced by a linear combination of its recognition.ij

original value x  and the median m of W That isij ij ij.

Y(I,j) = (((1-f(ij))*X(ij))+(f(ij)*m(ij))) filter proposes a method to suppress a noise and also to

where y is the restored value of x The proposed method, unlike other nonlinear filters,ij ij.

For noise free pixel ie f = 0, the value of yij = x For removes only corrupted pixels. Noise-free pixels areij ij.

highly corrupted images ie f = 1, its value is replaced by considered for the finding of the median value. Theij

m .For all other pixels (0  f  1 ) the restored pixel value impulse detector is used to detect the impulse noise fromij ij

is a linear combination of x  and m as shown in (11). pixels in the window. Once the noise is detected, theij ij

Adaptive Switching Median Filter: Adaptive switching it is compared with the center pixel value within the
median  filter  (ASMF)  is  proposed  to remove the salt window in order to make decision. Various Threshold
and  pepper  noise  from  the   corrupted   images  [12]. values are applied one by one. Among there a particular
The algorithm used for the ASMF is they are combining optimum value for qualitative measure is taken and it is for
the advantages of the PSMF and the adaptive median the filtering process. The filtering technique has better
filter. The salt and pepper noise is considered. The idea of performance in terms of both quantitative and qualitative
this filter is based on the impulse noise detection [13-14]. measure.
If the noise and their position are detected in the image
then it is easy to replace the noisy pixel by the best RESULTS AND DISCUSSION
estimate of the good pixel. Many techniques are used for
the detection like fuzzy  technique  and  neural  network. The performance of this filter on different percentage
In the gray scale image in the initial stage of first iteration of noises which is coded on eight bits are tested.

iteration all the noisy pixel and the position is detected.
The binary value 0 and 1 are used to indicate whether the

Proposed Decision Based Median (DBM) Filter: This

preserve the useful information in the signal  or  image.

output of the decision based filter generates output. Next
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Fig. 1: Lena Image and Filtering Results.
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