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1.

Abstract: In this paper, we propose a restoration technique for adaptive median filter to improve its performance in
efficiently eliminating salt and pepper impulse noise while preserving image details.

The improved adaptive median filter works in two stages. The first stage uses the adaptive median filtering technique
to detect noisy pixels. In the second stage, the proposed restoration technique restores the noise candidates based on
the corruption status of the 4-neighbors of the corrupted pixel that is obtained from the first stage. If atleast two of the
neighbors of the noisy pixel are uncorrupted, the proposed technique replaces the noisy pixel with the median of the
uncorrupted 4-neighbors. Otherwise it replaces the corrupted pixel with the median of the pixels in the filtering
window. Images restored using our proposed algorithm and the quantitative performance measures have shown that
the improved adaptive median filter algorithm outperforms the existing adaptive median filter algorithm in both
preservation of image details and noise suppression. It is also shown that the performance measure of the improved
AMF over the existing AMF improves with increasing noise density and it performs better for images with high
activity.

Keywords: salt and pepper Noise, adaptive median filter, nearest-neighbor-based adaptive median filter, 4-neighbors
based adaptive median filter.

INTRODUCTION

Impulse noise is caused by “transmission errors, malfunctioning of pixel elements in the camera sensors, faulty
memory locations, or timing errors in analog-to-digital conversion” [1]. Impulse noise is classified as salt-and-
pepper noise and random-valued impulse noise. Salt-and-pepper impulse noise takes the maximum and minimum
gray level values in an image whereas the random-valued impulse noise takes any random gray level value in the
dynamic range [0-255]. There are various filtering techniques in the literature for removing salt and pepper
noise.
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The median filter “is a simple nonlinear smoothing technique that takes the median value of the data inside
a sliding window of finite length” [2] , [3]. Median Filtering is efficient in eliminating impulse noise and it
preserves edges in images [4], but its performance deteriorates when the density of noise is high [12]. Several
variations of median filters have been presented for detail preserving since the past three decades from max/
median [5], FIR-median hybrid [6], [7], multistage median [6], [8], adaptive median [9], to several variations of
adaptive median fiters [10] - [16], [25] - [30].

The adaptive median filter is efficient in removing impulse noise and has less computational complexity
than other image restoration techniques in literature such as the regularization methods or the partition-based
methods [13], [18], [19]. However, it removes the image details just like median filtering [20] particularly when
there is high noise ratio. In this paper, we propose a 4-neighbors based restoration technique for adaptive median
filter. The improved algorithm has two stages. In the first stage, the algorithm uses the adaptive median filtering
technique to detect pixels that are corrupted by noise. In the second stage, the algorithm computes the number of
noise-free good pixels in the nearest four neighborhood. If there are atleast two noise-free 4-neighbors, the
algorithm replaces the noisy pixel with the median of the uncorrupted 4-neighbors. Otherwise the algorithm
replaces the noisy pixel with the median of the filtering window. It is shown that this restoration technique
performs better than the existing adaptive median filter in preserving image details. It is also shown that the
proposed filter shows significant improvement than the existing AMF algorithm in restoring images with high
activity.

There are many “decision-based” median filters [22], [23], [24] that first detects the noise candidates using
variant detection procedures and then replace the noise candidates by the median. As it is shown that our improved
AMF restoration technique performs better than the existing AMF algorithm, it may be incorporated with any
such “decision-based” noise removal technique for better performance.

The adaptive median filter is reviewed in Section II. The improved adaptive median filter is presented in
Section III. Experimental results and conclusions are presented in Sections IV and V respectively.

2. ADAPTIVE MEDIAN FILTER - REVIEW

“The Adaptive Median Filter performs spatial processing to determine which pixels in an image have been
affected by impulse noise. The Adaptive Median Filter classifies pixels as noise by comparing each pixel in the
image to its surrounding neighbor pixels. The size of the neighborhood (detection window) as well as the threshold
for the comparison is adjustable. A pixel that is different from a majority of its neighbors, as well as being not
structurally aligned with those pixels to which it is similar, is 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” [17].

Let X be the original image of size MxN and X(i,j) denote the gray level of the pixel at location (i,j). Let the
dynamic range of the pixel values in the image X be [G, ., G, 1i.e. G  <X(i,j)<G, forall (i,j). Let Y denote

min’ "~ max

the image corrupted with salt-and-pepper impulse noise. Then the gray level value for any pixel Y(i,j) is given
by,

G..., with probabilityr,
Y(i,j)=4G,,.» with probability s,
X (i, j),with probability 1 —r — s

where n = r+s defines the noise level. Now, let G, denote the filtering window of size W'W centered at Y(i,j)
where W =2L+1. The pixels in the filtering window are defined by

I International Journal of Control Theory and Applications m



Improved Adaptive Median Filter Using 4-neighbors Based Restoration Technique for Restoration of Images...

G,={Y(uy):|u—i|<Wand|j-v|<W}.

Let the maximum size of the filtering window used by the algorithme be W xW . Here we present the
algorithm for adaptive median filter. The algorithm works by testing if each pixel in Y is corrupted. If the pixel
is found to be noisy, it is substitute with the median value of the pixels in the filtering window G, Otherwise it
leaves the pixel unaltered.

Algorithm for Adaptive Median Filter
For each pixel Y (i,j) in the noisy image Y,
Step 1: Set L =1, hence W = 3.

Step 2: Find the minimum, median and maximum pixel values of the detection window G _as G . , G,

Step3:IfG <G, ..., <G thenG_
W= W+2.

Step4: IEW<W_ . gotostep 2; else replace the pixel Y(iyj) with G, .
Step 5: If Gmin’w <Yij)<G

med,w’  max,w’

. ., 1s not an impulse, hence go to step 5. Otherwise set L =L + 1, hence

max,w ’

d,

, then Y(i,j) is not an impulse; else replace Y(i,j) by G

max,w med,w*
“The adaptive structure of the filter ensures that most of the impulse noise is detected even at a high noise
level if the window size is large enough” [13]. However, this filter fails to removes the fine details from the

image as the replacement is based on median filtering of the detection window.

3. PROPOSED IMPROVED ADAPTIVE MEDIAN FILTER

The improved adaptive median filter works in two stages. The first stage identifies the corrupted pixels using the
adaptive median filtering technique and generates a binary flag image that specifies the corruption status of each
pixel in the image. The second stage uses the 4-neighbors based restoration technique which checks the corruption
status of the four neighbors of each pixel marked as corrupted in the binary flag image. If atleast two of the 4-
neighbors of the noisy pixel are uncorrupted, the algorithm replaces the noisy pixel with the median of the
uncorrupted 4-neighbors. Otherwise it substitutes the noisy pixel with the median value of the pixels in the
filtering window.

Let C denote the binary flag image of size MxN, that is used to hold the corruption status of every pixel in
the noisy image Y. Initially C(i,j) = O for all (i,j).
Let Z be a matrix of size MxN used to hold the restored image. Initially let Z(i,j) = Y(i,j) for all (i,j).

Stage 1:

For each pixel Y (i,j) in the noisy image Y,

Step 1: Set L = 1, hence W = 3.

Step 2: Find the minimum, median and maximum pixel values of the detection window G, as G, . .
Step3:IfG . <G <G

min,w med,w max,w’

W= W+2.

Step4: If W< W _, goto step 2; else
i. Replace the pixel Z(i,j) by G
ii. Set C(i,j)=1.

Step5: If G . <Y(ij)<G

min,w max,w

G

med,w’  max,w’

then G, , isnotanimpulse, hence go to step 5. Otherwise set L =L + 1, hence

med, Wmax *

, then Y(i,j) is not an impulse; else
i. Replace the pixel Z(i,j) by G
ii. Set C(i,j) = 1.
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The stage 1 is the same as the existing algorithm except that for each corrupted pixel Y(i,j), the median of
the detection window is stored in Z(i,j) and the binary flag image is set to 1. This difference is shown in italics in
steps 4 and 5 of stage 1 above. After Stage 1,

Z6.) Y@, ), if Y(i,j)isnotanimpulse.
iL,j)=
J G,eaw (G )1 Y(i, j)is animpuse.

. 0,if Y (i, j)isnot animpulse.
COGN=y o .
Lif Y(i, j)is animpuse.

Let N={Y(i-1,j), Y(i+1,j), Y(i,j-1), Y(i,j+1)} denote the four neighbors for the pixel at location (i,j) in Y and
F={C(i-1,j), C(i+1,j), C(i,j-1), C(i,j+1)} denote the corruption status of those four neighbors respectively.

Stage 2:
For each pixel Y (i,j) in the noisy image Y,
Step 1:
if C(i,j) =11i.e., if the pixel Y(i,j) is noisy then,
if F(i) =0 for atleast two values of i where i =0,1,2,3 i.e. if atleast two neighbors of Y(i,j) are uncorrupted
then
i. Compute the median of the uncorrupted pixels among the four neighbors in Fas N_
ii. Replace Z(i,j) with N ..
Thus, for each pixel Y(i,j) marked as corrupted by C(i,j) the stage 2 just replaces Z(i,j) with the median
of the uncorrupted 4- neighbors.

4

4. EXPERIMENTAL SETUP AND RESULTS

Setup

We implemented the AMF algorithm and the improved AMF algorithm in MATLAB 7.6.0 in a Pentium Dual
Core PC with 3GB RAM. We tested the algorithms with several standard 8-bit gray scale images of size 512x512,
including the Lena image having homogeneous region and the Bridge image having high activity, with dynamic
range [0,255]. For experimenting, the images are corrupted with salt and pepper noise in different densities
using the MATLAB function imnoise. For computational efficiency the algorithms are implemented with the
MATLAB’s vector functions namely ‘nlfilter’ and ‘find’ that are used to compute the maximum, minimum and
median of the sliding window for the entire image and to find the indices of noisy-free pixels in the neighborhood
of each noisy pixel respectively.

The performance of our proposed method is also measured quantitatively by the peak signal-to-noise ratio
(PSNR) and the mean absolute error (MAE) defined as [24]

255
2
%WNZi,j (Zi,j - Xi,j)

MAE=1/MN%,,|Z,, - X,,|

PSNR =101log,,

where X, and Z, and denote the value of the pixel at location (i,j) in the original and restored images respectively.
The comparative performance measures for the two algorithms are shown in Table II and III.
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RESULTS

The maximum window size chosen for different noise levels as per [13] is shown in table 1.

Table 1
Maximum Window Size Used

Noise level w xWw
<25% 5x5

25% to 40% 7x7

41% to 60% 9x9

61% to 70% 13x13
71% to 80% 17x17
81% to 85% 25x25
86% to 90% 39x39

The results of applying the AMF and the improved AMF algorithms on the Lena and Bridge images
corrupted with different noise densities are shown below. It is observed that the images restored by the improved
AMF are sharper than those restored by the existing AMF algorithm.

It is also observed that the improved AMF restores the corrupted Bridge images significantly better than
the existing AMF algorithm.

(© 0}

Figure 1: (a) Original image - Lena (b) Lena image corrupted with 15% salt and pepper noise. Image restored using
(c) AMF using 5x5 window (d) Improved AMF using 5x5 window (e) Lena image corrupted with 50% salt and
pepper noise. Image restored using (f) AMF using 7x7 window (g) Improved AMF using 7x7 window
(h) Lena image corrupted with 70 % salt and pepper noise. Image restored using (i) AMF using
13x13 window (j) Improved AMF using 13x13 window
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Figure 2: (a) Original image - Bridge (b) Bridge image corrupted with 15% salt and pepper noise. Image restored
using (c) AMF using 5x5 window (d) Improved AMF using 5x5 window (e) Bridge image corrupted with 50%
salt and pepper noise. Image restored using (f) AMF using 7x7 window (g) Improved AMF using 7x7 window

(h) Bridge image corrupted with 70 % salt and pepper noise. Image restored using (i) AMF using
13x13 window (j) Improved AMF using 13x13 window

Table 2
Comparative PSNR values of AMF and the proposed improved AMF on Lena and Bridge Images
Image Noise Density AMF Improved AMF
Lena 10% (W_, =5) 36.90 38.35
15% (W_, =5) 35.53 37.16
20% (W_, =5) 33.66 35.84
30% (W, . =7) 30.82 33.59
40% W_, =7) 29.02 31.05
50% (W_,. =9) 27.44 27.68
60% (W__=9) 25.56 25.93
70% (W_, =13) 24.08 25
Bridge 10% (W_, =5) 30.16 31.27
15% (W_, =5) 29.51 30.74
20% (W_, =5) 28.41 30.17
30% (W, . =7) 26.88 28.78
40% (W_, =7) 25.12 26.94
50% (W_. =9) 23.68 24.12
60% (W__=9) 22.38 22.56
70%(W_, = 13) 20.93 21.65
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Table 3
Comparative MAE values of AMF and the proposed improved AMF on Lena and Bridge Images
Image Noise Density AMF Improved AMF
Lena 10% (W __ =35) 0.98 0.90
15% (W_, =5) 1.13 1.00
20% (W_, =5) 1.35 1.16
30% (W, =7) 1.93 1.56
40% (W_, =7) 2.61 2.11
50% (W_, =9) 3.46 3.28
60% (W__=9) 4.58 4.38
70% (W_, =13) 5.98 5.28
Bridge 10% (W_, =5) 2.44 2.16
15% (W_, =5) 2.75 2.40
20% (W_, =5) 322 2.69
30% (W, =7) 4.30 3.50
40% (W_, =7) 5.72 4.65
50% (W_, =9) 7.41 6.97
60% (W__=9) 9.44 9.11
T0%(W_, = 13) 12.02 10.89

The tables 2 and 3 show that the improved AMF has given better measures than the existing AMF especially
for the Bridge image. It is observed that the improved AMF shows significant progress in restoring images with
high activity. The tables also show that the performance of the improved AMF filter increases with increasing
noise density.

5.  CONCLUSION

In this paper, we have presented a 4-neighbors based restoration technique for the adaptive median filter. The
improved adaptive median filter outperforms the existing adaptive median filter especially in terms of preservation
of fine details. The adaptive median filter has less computational complexity than many other restoration methods
in literature like the regularization or the partition-based methods [13] [18] [19]. The experimental results show
that the proposed restoration technique may be incorporated with any decision-based impulse noise restoration
scheme for improving its performance.
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