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Abstract- A gpatiad domain non linear
filtering algorithm for the restoration of gray
scale, and Color images that are corrupted
by high density impulse noise is proposed.
The proposed agorithm well suited for
suppressing impulse and also Gaussian
noises with different noise leves.It shows
better results than the Standard Median
Filter (MF), Trimmed Median Filter (TMF)
and Weighted Median Filter. Experiment
Result shows the proposed agorithm has
advantages over regularizing methods in
terms of both edge preservation and noise
removal and it gives the better Peak Signal
to Noise Ratio (PSNR) compared to other
techniques even in the high noise densities.
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[. INTRODUCTION

Images are often corrupted by different
types of noise primarily impulse noise and
Gaussian noise during the course in which
they were generated or transmitted. The
most well-known version of the noise in
images is the salt and pepper noise [1]. The
noise which sprinkles on the images like
white and black dots significantly reduces
the visual effects of images. The common
filtering agorithms are not effective to
remove the noise, especially for heavy noise.
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To suppress the high density noise and
improve image quality, it’s very important
to keep the margins and details as well as
removing noises in images. Severa
nonlinear filters have been proposed for
restoration of images contaminated by salt
and pepper noise. Among these standard
median filter has been established as reliable
method to remove the salt and pepper noise
without damaging the edge detalls.
However, the major drawback of this Filter
isthat the filter is effective only at low noise
densities [1].When the noise density is over
40% the edge details of the origina image
will not be preserved by standard median
filter. Weighted Median Filter (WMF) [2]
performs well at low noise densities, in
which the output is a weighted sum of the
image and a denoising factor, these
weighting coefficients depend on a state
variable. The state variable is the difference
between the current pixel and the average of
the remaining pixels in the surrounding
window. Because the coefficients are
various, it’s difficult to select an appropriate
one. But at high noise densities the window
size has to be increased which may lead to
blurring the image. In this, image is
denoised by using a 3*3 window. If the
processing pixel value is O or 255 it is
processed or else it is left unchanged. At
high noise density the median value will be
0 or 255 which is noisy. In such case,
neighboring pixel is used for replacement.
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This repeated replacement of neighboring
pixel produces streaking effect [6].
Eventhough, the trimmed median filter is
filtered the noise at high noise densities,
trimmed median value cannot be obtained if
the selected window contains all 0’s or
255’s or both. So this algorithm does not
give better results at very high noise density
that is at 70% to 80%.

To overcome this problem, a new
filtering technique called spatial domain non
linear filtering algorithm is proposed. This
technique is well suited to remove the noise
either in low noise level or in high noise
level. This is most suitable for denoising of
both impulse and Gaussian noise compared
to other filtering technique. It aso gives the
better Peak Signal to Noise Ratio (PSNR)
values than the existing algorithm. The rest
of the paper is structured as follows. A brief
introduction of Existing algorithm is given
in Section Il. Section 111 describes about the
proposed agorithm and the detaled
description of the proposed agorithm with
an example is presented in Section 1V.
Simulation results with different images are
presented in Section V. Finally conclusions
aredrawn in Section VI.

I1. OVERVIEW ON EXISTING FILTERS

On earlier, there were different filtering
techniques for denoising the high density
impulse noise in the digital images. Standard
median filter, Vector and Weighted median
filter are discussed here. Among these,
Standard median filter is one of the non
linear filter types for image restoration.
Here, the noisy pixel will be replaced by the
median value of that respected window
[(3*3 or 5*5) matrix]. If the selected
window contains salt or pepper noise as
processing pixel (i.e., 255/0 pixel value) and
after eliminating those 255/0 pixel values,

© 2013 UJAIR. ALL RIGHTS RESERVED

Vol. 2 Issue 4

ISSN: 2278-7844

the remaining pixel values are arranged in
ascending then find the median value by,

i= [no of data items +1]/2,
the final value is ith element of 1D array.
For example, The selected window sizeis 3

* 3 matrix,

75 95 255

130 0 135

0 100 255
The 1-D array of the above matrix is [75 95
100 130 135] after eliminating 0/255 pixel
intensity
and arrangement. Here the median value is
100.1t is not suitable for removal of high
density noise.
The vector median filter is established for
overcoming the problem of solving the high
density noise denoising. It can remove the
noise level of greater than 30% compared to
median filtering.
For a set of N vectors x1,..., XN within a
right-angled window and any vector norm

I

VM{x1,x2, XN}= Xym ,
where xym € {x1,x2,_,xN}

And

N N

Z[| X -xi e 2] -
%|L,i=12..N

i=1 i=1

The result of this filter operation selects that
vector in the window, which minimizes the
sum of the distances to the other N -1
vectors regarding the L-norm. It is also has
some drawback that the computation of the
vector median for the entire color image is
quite time consuming and edge preservation
lost and it shows poor performance when the
noise level is increased and it will be
overcome by decision based weighted
median filter.

In this technique, first the noise is estimated
and based on the level mean or weighted
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median filter is applied for the effective
remova of noisy pixel. The figl shows the
flowchart for weighted median filter
technique. The detection process uses
neighborhood pixels correlations to divide
the pixelsinto signal pixels and noise pixels.
Signal pixels are kept the same and only
noise pixels are processed. For filtering
block, the different approaches were taken
according to the noise density situations. In
the low noise density case, neighborhood
signal pixels mean method is adopted. In the
high noise density case, adaptive weight
algorithm is used. The noise level is detected
by, L = [number of noise level / (M*N)]. If
the L isless than 30% then

Noisy Image

Noise detection

If Noise

level

y
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<30%
Weighting factor

Initialization

v

Find the mean value

Weighting factor
of window (3*3)

Normalization

v v
Replace with the Multiplied with
noisy pixel vale
Noisy pixel
v
Continue the process 4——]

v

Denoised Image

Fig.1. Flow chart of WMF Technique
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mean filtering is applied to that window
[(3*3) or (5*5) matrix] otherwise weighted
median filter is applied which is done by,
theinitial weight coefficient is,

Tab=Dab* Pab
Where, Da,b= ( (1/ [(Xi+aj+b) — Mi j])
fi+aj+p =0

0, dse

And Pab= ( 0 &b=0
0.25 |a|=|b|=1
05 ¢dse

The Normalized weight coefficients,
dap = Tab/[ 2 2 Tab] where, ab=-1to 1

The final summation,

Xij = ZZ[Xi+a,j+b * da,b] where,a,b=-1tol

These kind of filtering technique removed
the noise at high density like 50% or
60%.But the proposed technique denoised
the high contaminated image in the range of
80% -90%.It gives better performance than
previous filters. The next section describes
the introduction and algorithm about our
denoising technique for effective image
restoration.

I11. PROPOSED TECHNIQUE
Sharpening Spatial Filters

¥ The principal objective of sharpening
isto highlight fine detail in an image
or to enhance detail that has been
blurred, either in error or asan
natural effect of a particular method
of image acquisition.

Definition of the 1*-order derivative

ﬂ: f(x+1D - f(x)
OX
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Definition of the 2™-order derivative

o*f

X2

Derivative of image profile
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= F(x+D)+ F(x=1) -2 (%).
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IEF=2 2 (n(i.j) - Z(i,j))?

V. THE SIMULATION AND ANALY SIS

A gray-scale or color image whose size is
256x 256 was selected for verification of
advantage and effectiveness of proposed
filtering agorithm. First salt and pepper
noise was added to image and then MF,
VMF, WMF and proposed agorithm were
used separately to restore the image
corrupted by salt and pepper noise. Fig.2
shows the visua results comparison of
different methods. Fig.3 shows the plot of
Peak Signal to Noise Ratio (PSNR) and
Image  Enhancement Factor  (IEF)
comparison of proposed method with
different algorithms at various noise ratios
for test image. The noise density is varied
from 10% to 80% and denoising
performance is measured by PSNR and IEF
asfollows,

PSNR in db = 10l0g, (Max® / MSE)
Where, Max -Maximum Intensity of Image
MSE —Mean Square Error which is
defined by,
M N

mse= 2 2 (2(i) - Z(i.)))’
i=1j=1
(M * N)
M N
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i=1j=1
M N
> 2 (Z() - z( )
i=1j=1
Noise PSNR (db)
Level SMF VMF WMF Proposed
0.6
0.7

Table I. Comparison of MSE and PSNR
Factor for Different algorithms at noise
densities _
Where, Z represents the origina image, Z
denotes the denoised image, ) represents the
noisy image. M *N is the size of image. The
following plot Fig .2.shows the comparision
between proposed and different algorithm.

W g LR g L1h g

:* =t
Fig.1
METHOD PSNR MSE
SMF 35.9093 16.6782
AMF 36.3523 15.0605
TSAMFT 39.2421 7.74393
DBA 31.7573 43.386
IDBA 45.1137 2.0032
Tablel
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METHOD PSNR MSE
SMF 39.8393 6.734
AMF 41.5047 4.6172
TSAMFT 40.1245 6.3125
DBA 35.55 18.355
IDBA 48.752 0.901

L0

et [ -

Fig.2. Comparision
graph for PSNR at different noise densities

The results of four agorithms have shown
that: MF algorithm is applicable for the
situation of low noise density; With the
noise density of the image increasing, VMF
algorithm is more similar to MF agorithm,
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Their filtering properties get worse with the
noise density increasing; Although WMF
agorithm is better than MF and VMF
algorithms in high density noise situation, it
still has some shortage either in the filtering
result or in preserving the image details,
compared with the proposed algorithm. It
shows that the restored result of the
proposed algorithm is best.
Fig. . Results of different algorithms for
pepper image. (a) Noisy Image (b) Output of
MF. (c) Output of VMF. (d) Output of
WME. (e) Output of Proposed Method. Row
1 and Row 2 shows processed results of
various algorithms for image corrupted by
70% and 80% noise densities, respectively.
When the noise density is more than 60%,
other  agorithrm PSNR drops  off
precipitously. With the noise density
improving, the D-vaue between the
proposed agorithm and the other three
algorithms is larger. Especially when the
noise density is up to 90%, their PSNR D-
value is about 10 dB. Experiment shows that
the proposed algorithm has better denoising
and protection detail capacity.

The Results of different algorithms for
color baboon image. (a) Output of MF. (b)
Output of VMF. (c) Output of WMF. (d)
Output of Proposed Method. Row 1 and
Row 2 shows processed results of various
algorithms for image corrupted by 70% and
80% noise densities, respectively.

V. CONCLUSION

An effective filtering algorithm is proposed
for removing the salt and pepper noise at the
different noise densities situation. First to
detect the noise pixels, then different
methods are applied to various noise
densities. The performance of the algorithm
has been tested at low, medium and high
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noise densities on both gray-scale and color
images. Even at high noise density levels the
proposed technique gives better results in
comparison with other existing agorithms.
Experimental results show that this
algorithm can suppress noise effectively.
The proposed agorithm is effective for high
density case in gray scale as well as color
images.
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