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Abstract

In this paper, a Nearest Interpolation and Median (NIM) algorithm is proposed to
remove high density salt & pepper noise from digital images. First stage in this
algorithm the noisy pixels are detected and in the second stage is calculated the
absolute deferent between median and mean value in the kernel, afier noise values are
eliminated, if the region is homogenous, the center of the kernel replaced by the
nearest interpolation value or not it replaced by the median value, according to
absolute deferent. The proposed algorithm shows significantly better image quality
than a simple median filter (SMF), Adapted Mean Filter (AMF), Decision Based
Algorithm (DBA) and Decision Based Unsymmetric Trimmed Median Filter
(MDBUTMF). The proposed algorithm is tested with different gray scale image and it
gives better Peak Signal-to-Noise Ratio (PSNR) and Image Enhancement Factor
(IEF).
1. Introduction

Impulse noise 1s caused by malfunctioning pixels in camera sensors,
faulty memory locations in hardware, or transmission in a noisy channel
[1]. There are two models of impulsive noise, namely, salt, and pepper
noise and random valued impulse noise. Salt and pepper noise 1is
sometimes called fixed valued impulse noise producing two gray level
values O and 255. Since, linear filtering techniques are not effective in
removing impulse noise, non -linear filtering techniques are greatly used
in the restoration process. The best-known and most widely used non-
linear digital filters, based on order statistics are median filters. Median
filters are known for their capability to remove impulse noise without
damaging the edges. Median filters are known for their capability to
remove 1mpulse noise as well as preserve the edges. The main drawback
of a simple median filter (SMF) [2], at high noise densities, SMFs often
exhibit blurring for large window sizes and insufficient noise suppression
for small window sizes. However, most of the median filters operate
uniformly across the image and thus tend to modify both noise and noise-
free pixels. Consequently, the effective removal of impulse often leads to
images with blurred and distorted features. Adaptive Median 1s a
“decision-based” or “switching™ filter that first identifies possible noisy
pixels and then replaces them using the median filter or its variants, while
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leaving all other pixels unchanged. This filter 1s good at detecting noise
even at a high noise level. The adaptive structure of this filter ensures that
most of the impulse noises are detected even at a high noise level
provided that the window size 1s large enough. The performance of AMF
1s good at lower noise density levels, due to the fact that there are only
fewer corrupted pixels that are replaced by the median values [3],
[4].many techniques first detect the impulse locations and then filter
the noisy pixels without processing the uncorrupted ones as DBA [5]
and MDBUTMF [6] algorithms. The Decision Based Algorithm (DBA) 18
one of the fastest methods and it 1s an efficient algorithm capable of
impulse noise removal at noise densitics as high as 80% [7]. the
MDBUTMEF is eliminate any value of noise in the kernel and then find
the median value ., but the drawback of these algorithms are streaking at
very higher noise densities. The proposed algorithm re-moves this
drawback at very high noise density depending on absolute deferent
between median and mean value in the kernel, and gives better PSNR and
IEF values than the existing algorithm.
2. Salt and pepper impulsive noise

In the salt and pepper impulsive noise, it 1s usually assumed that the
salt noise i1s the maximum gray level (255) and the pepper noise is the
minimum gray level (0) [7], thus each pixel in an image has probability
p/2 (0<p<l) to be corrupted into either a white dot (salt) or a black dot
(pepper) where:

%? RR wirhprobability  p/2
=4 0 withypr ittty pid
i, X wirh probability 1-—p 1

Where [ 1s the noisy-free image, X 1s the noisy image and xy 1s the
size of 1mage.
3. Review of Image Denoising Algorithms
There are many algorithm used to remove salt and pepper noise from the
image at deferent noise density level we can discuss as following;:
3.1. Median Filter

It 1s a based order statistics filter [8], simple Median Filter (SMF) used
to reduce a noise in the image by replacing the value of the pixel by the
median of gray levels in the neighborhood of that pixel or window. If the
Iij) and Ie (ij) be the mput and output respectively , then the median
filter 1s :

*

fefi fy = wwdian { i —7r,j 3} @)
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Where ¥ # ¢ represent the size of the window. The advantage of a
median filter 1s that 1t 1s an excellent choice for the removal of especially
salt and pepper noise with low density level whereas the drawback of
SMF 1s unacceptable in the case of signal dependent noise.

3.2. Adaptive Median Filter

The Adaptive Median Filter performs spatial processing to determine
which pixels 1n an 1mage have been affected by impulse noise [7]. It 1s
classifies pixels as noise by comparing each pixel in the image to its
surrounding neighbor pixels. The size of the neighborhood is adjustable,
as well as the threshold for the comparison. A pixel that 1s different from
a majority of its neighbors, as well as being not structurally aligned with
those pixels to which it 1s similar, 1s labeled as impulse noise. These noise
pixels are then replaced by the median pixel value of the pixels in the
neighborhood that have passed the noise labeling test.This filter also
smoothens out other types of noise, thus, giving a much better output

image than the standard median filter. The algorithm of AMF 1s [9]:
LInput Ifi,j) is the gray image
i=1 to width
j=1to high
2. Level A: Al = Imed - Imin
A2 = Imed - Imax
ifAl > 0 AND A2 < 0, go to level B
else increase the window size
if window size < Smax, repeat level A
else output I(i,j)
3.Level B: Bl = 1fi,j) - Imin
B2 =1(ij - Imax
if Bl > 0AND B2 < 0, output I{i,j)
else output Imed Repeat Steps 1 to 3 until all the pixels in the entire image are
processed.

Where the AMF changes size of Sxp (the size of the neighborhood)
during operation and , fmin i1s minimum gray level value in Sxy, Imax 1s
maximum gray level value in Sxy,Imed i1s median of gray levels in Sxy,
Ixy 18 gray level at coordinates (i, j) ,and Smax 1s the maximum allowed
size of Sxy

3.3 Decision-Based Algorithm

It's simple and fast method, The DBA processes the corrupted image by
first detecting the impulse noise. If the value of the pixel processed 1s
within the range (0-255), then 1t 1s an uncorrupted pixel and left
unchanged. If the value does not lie within this range, then it is a noisy
pixel and 1s replaced by the median value of the window or by its
neighborhood values. If the noise density 1s high, there is a possibility
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that the median value 1s also a noise value. In the latter case, the pixel

processed 1s replaced by the previously processed adjacent neighborhood

pixel value in place of the median value. The PA is as follows [5]:

1. Select 2-D window of size 3 3. Assume that the pixel being processed
1s 1(1.7).

2. The pixel values inside the window are sorted, Ly, . Lng and L. are
determined as follows:

a) The rows of the window are arranged in ascending order.

b) The columns of the window are arranged in ascending order.

¢) The right diagonal of the window 1s now ar-ranged in ascending
order. now the first element of the window 1s the minimum value
Iin . the last element of the window 1s the maximum value I, .
and the middle element of the window 1s the median value 14 .

3. The I(1,))1s an uncorrupted pixel if I.;<[(1,]) < L » 0 and L
255 the pixel being processed 1s left unchanged. Otherwise, I(1,]) 1s a
corrupted pixel.

4. If I(1)) 1s a corrupted pixel, it is replaced by its median value if [,;,<
Imid< Imax and 0< Imid< 255.

5. If Lyp< Lig < Lpax 18 not satisfied or 255< [,;7=0 then the L4 1s a
noisy pixel. In this case, the I(i,j) 1s replaced by the value of
neighborhood pixel value.

6. Repeat steps 1 to 3 until all the pixels in the entire image are
processed.

3.4 MDBUTMF A LGORITHM

The MDBUTMEF algorithm processes the noisy images by first detecting
the 1mpulse noise, if the processing pixel lies between maximum and
minimum gray level values then it 1s noise free pixel, it is left unchanged.

If the processing pixel takes the maximum or minimum gray level then it

15 noisy pixel which 1s processed by MDBUTMEF, the steps of the

MDBUTMEF are elucidated as follows|6]:

1. Select 2-D window of size 3 3. Assume that the pixel being
processed 1s I(1,7).

2. If 0 <I(1,j)<255 then 1s an uncorrupted pixel and its value 1s left
unchanged.

3. If I(0,)=0 or I(1,))=255 then 1s a corrupted pixel then two cases
are possible as given in Case:
a) If the selected window contain all the elements as 0’s and 255’s.
Then replace 1(1,)) with the mean of the element of window.
b) If the selected window contains no tall elements as 0’s and
255’s. Then eliminate 255°s and 0’s and find the median value of
the remaining elements. replace 1(1,]) with the median value.
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4. Repeat steps 1 to 3 until all the pixels in the entire image are
processed.
4. Nearest Interpolation and Median (NIM) Algorithm
This algorithm depending on absolute deferent between median and
mean value 1n the kernel, after noise values are eliminated, the data in the
gray 1image can by classified in homogenous and edge region. Generally,
in the local region, the median value nearest from mean (or interpolation)
value 1f the region 1s homogenous, whereas in the edge region the median
value not equals the mean value, we can benefit from this fact for noise
removed from the image in the impulse noise depending on the nearest
interpolation value. Figure (1) illustrated the kernel with size 3x3. The
nearest interpolation for the center value of the kernel (I,,) 1s calculated
from two vectors:

INRRIEER TR
L {1 ] I3

Figure 1: the 3x3).
I3 13| Is3
Voo e v oa (3)
Vo= {1 I3y (4)

I7; 18 the first neighborhood; V7 1s the second neighborhood,
And V,;,, V5, are eliminated the (0 and 255) from the }J7;and V>
respectively where:
{Vle ’ VQe}‘_fé{O: 255} (5)
The nearest interpolation (Z,,;) is existence should be 1V, V5, include at
least one value this mean:
{Vie, Vaf HO} ©)
IfVIe#{Q} then Im': Vle(]) (7)
V4. 1s existence (includes one or two or three value), the interpolation
value 1s the first value in the vector 17,.
IfV2e7£{@} then Im': V2e(]) (8)
175, 1s existence (includes one or two value) ,the mterpolation value 1s the
first value 1n the vector 1,. Finally, the 15, was replaced by the 7,
L= 1, )
Figure (2) shows flowchart of this algorithm.
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Figure 2: Flow chart of NIM.

The steps of the algorithm are elucidated as follows:

1.
2,

A window of size 3x3 is selected. The pixel to be processed 1s 1(1,3).
It 0 <I(1,)) <255 .The I(1,)) 1s an uncorrupted and it remains without
change.

. If the all values 1n the window equal O or 255 or both, Replaced I(1,))

with the I(i-1,7).

. If the all values in the window not equal O or 255 or both, Eliminate

the element with values 0°s and 255°s in the window

. Find the absolute difference between the average and median value

lav , Imid .

It d > 40 then Replaced the center value I(1,j) with the nearest
interpolated value Ini .and If d < 40 then Replaced the center value
I(1,7) with the value Tmid.

Repeat steps 1 to 6 until all the pixels in the entire 1mage are
processed.
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5. Results and Discussion

Gray-scale 1mages such as peppers and elephants of size 512x512 with
type bmp have been used to test the performance of the algorithm. Images
will be corrupted by salt-and-pepper noise at different high noise
densities, such as noise (80%), (85%) and very high noise densities as
(90%) and (95%). Then the NIM algorithm 1s applied to the corrupted
image to remove the noise, yielding the restored gray-scale image. The
performance of the restoration process 1s quantified using PSNR and
IEF. The results show improved performance of the proposed algorithm
in terms of these measures. All the filters are implemented in MATLAB
R2008. The metrics for comparison are defined as follows:

{285 .
PENR = 10l0g.c | e {10
(11
S (12}
§

Where # is the original image, 2 45 the restored image and 4 i the
corrupted 1mage. Figures (3&5) show the original and corrupted
cameraman 1mages. and restored images obtained by the various filters
such as SMF, which uses 11x11 for high noise density (80%), and 13x13
window size for very high noise density (85%, 90% and 95%), AMF
which uses 13x13 for high noise density and 15x15 window size for very
high noise densities, in DBA, MDBUTMF and MF which uses a small
fixed size 3x3 window for all noise levels. Figures (4&6) show the
comparison of different filters, performed on Lena and Boat gray-scale
1mage at various noise densities, the first column represents the processed
image using SMF from 80% to 95% noise densities. Subsequent columns
represent the processed i1mages for AMF, DBA, MDBUTMF and
DBEMM. From the Figures (4&6) , 1t 1s possible to observe that the quality
of the restored image using proposed algorithm (DBMM) is better than
the quality of the restored image using other algorithms. The PSNR and
IEF values of the proposed algorithm are compared against the existing
algorithms by varying the noise density from 80% to 95% and are shown
mn Table 1&2 for Lena and Boat, From the Tables it 1s observed that the
performance of the proposed algorithm (DBMM) is better than the
existence algorithms at both high and very high noise densities, these data
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in the table are display in the figures (7) & (8) that 1llustrated the IEF and
PSNR versus the noise density for processing images at different noise
densities.
6. Conclusion
In this paper, an algorithm (INM) is proposed which gives better
performance in comparison with SMF, AMF, DBA and MDBUTMF for
impulse salt & pepper noise removal, depending on the IEF and PSNR.
The suggested algorithm has been tested at high and very high noise
densities levels, the INM gives better results in comparison with other
existing algorithms depending on visual and quantitative results.
o E ; o i

Figure 4: Results of different algorithms for peppers an image by using (a) SMF. (b)
AMF. (¢)DBA. (d) MDBUTMEF. (¢) INM. Every column shows the denoising
images that corrupted with densities 0.8, 0.85, 0.9 and 0.95 respectively.
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Figure 5: elephant in (a) Original image and its images distorted by salt and
pepper noise in (b, ¢, d and ¢) at densities 0.8, 0.85, 0.9 and 0.95 respectively.

0 e & T ooy e

images that corrupted with densities 0.8, 0.85, 0.9 and 0.95 respectively.
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Table 1: PSNR and IEF for various filters for peppers image at different
noise densities.

PSNR in dB

Noise Yo SMF AMF DBA MBBUTME BEMM
0 10.56 20302 1931 20,439 21371
8 15,787 19.006 17414 18.936 20.331
i) 11,761 E5.048 £5.807 16.407 i8.543
94 8.23 11.7067 1395 14.168 16,397

1EF

Noise % SMF AMF DBA MDBUTME DEMM
80 10,697 25,633 18.674 23044 31195
K8 9,501 1620} i4.208 19,163 25486
i) 4.29 9,742 314 11075 178080
95 2.307 447} 6. 304 &.060h 11788

Table 2: PSNR and IEF for various filters for elephant image at different

noise densities.

PSNR indB

Noise %o SMF AMYF DBA MDBUTMF DBMM
&0 17.282 21 108 20654 22.648 23,201
84 17642 20,34 19.54 21308 222832
) 2,128 16,273 18.13 £9.0 2D.8D5
95 FHRS 11,571 F5.918 15,343 1%.422
1EF
Noise % SMF AMY DBA MDBUTMF DEMM
80 13,798 13.501 29103 47853 33,948
88 £0.063 2034 25444 37153 46,077
) 5067 12,337 1 408 23268 34,803
93 2341 4.622 HEhd3 £0.541 23.083

Figure 7: Noise density versus PSNR for (a) peppers and (b) clephant images.
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Figure 8: Noise density versus IEF for (a) peppers and (b) elephant images.
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