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A DETAILED COMPARISON OF SWITCHING MEDIAN FILTERS
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Abstract: Under the category of the impulse switching median filtering, a number of algorithms have been proposed. This
paper compares the various switching median filtering algorithms.
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1. INTRODUCTION

The switching median filter removes noise to a great extent.
Instead of filtering the entire image, switching median
filtering technique applies filtering to selected pixels. In this
letter, we compare various switching median filtering
techniques on the basis of simulation results.

2. IMPULSE DETECTION

The standard switching median filter calculates the median
value of the samples in the window centered at x,. To judge
whether X, is an impulse, the median based impulse detector
[1] calculates X, —m, and compares it with a threshold.

The switching median filter discussed in [2] convolves
the input image with a set of four convolution kernels. The
minimum absolute value of these four convolutions is used
for impulse detection.

The alpha trimmed mean based approach discussed in
[3] consists of three steps: impulse noise detection,
refinement and impulse noise cancellation. The impulse
noise detection technique uses alpha trimmed mean in
impulse noise detection. Once a noisy pixel is identified its
value is replaced by a linear combination of its original value
and the median of its local window.

To determine whether the current pixel is corrupted,
the Boundary discriminative noise detection(BDND)
algorithm [4] first classifies the pixels of a localized window,
centering on the current pixel, into three groups—lower
intensity impulse noise, uncorrupted pixels, and higher
intensity impulse noise. The center pixel will then be
considered as “uncorrupted”, provided that it belongs to the
“uncorrupted” pixel group, or “corrupted”.

The impulse noise detection discussed in [5] is based
on BDND detector. It consists of two iterations. In first
iteration, it repeats the first validation stage of BDND
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imposing 21x21 window on each pixel. In the second
validation stage, it convolves the noisy image with a set of
four convolutionary kernels. It uses both the minimum and
maximum of four descriptors to classify the pixel as
corrupted or uncorrupted.

3. SIMULATION RESULTS

Figure 1: Input Image on Which the Code is Implemented
256 x 256 “lena.tif”

We compare the results of various switching median
filtering algorithms. Extensive simulations are carried on
well known image Lena shown above. In order to compare,
we select “salt-and-pepper” noise model in which gray level
0 represents pepper and 255 represents “salt”. The noise
density ranges from 10% to 80%.

The various algorithms that are used for comparison
outline the detection algorithm for the detection of various
noisy pixels. Once the detection has been done, the
following general equation of switching median filter is
used for the filtering.

x,; = flag,; x med; +(1— flag;)x;

The variable flag may take a value 0 or 1 depending on
the fact whether the pixel is detected as noisy or non-noisy
by the algorithm.
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Table 1

Correlation Factor and PSNR Ratio Comparison

(a) General Switching median filter[1]

(b) Zhang and Karim Switching Median filter[2]
(¢) Alpha trimmed mean switching median filter[3]
(d) BDND based switching median filter[4]

(e) BDND and convolutionary kernels based SM filter[5]

NOISE DENSITY CORR?2 PSNR (db)
10% 0.9791 28.46
20% 0.9771 28.07
30% 0.9679 26.62
40% 0.9675 26.57
50% 0.9523 24.90
60% 0.8893 21.13
70% 0.7491 17.10
80% 0.4919 12.99
(a)
NOISE DENSITY CORR?2 PSNR (db)
10% 0.9939 33.75
20% 0.9891 31.22
30% 0.9828 29.24
40% 0.9712 26.98
50% 0.9566 25.21
60% 0.9184 22.40
70% 0.8480 19.58
80% 0.7080 16.37
(&)
NOISE DENSITY CORR?2 PSNR (db)
10% 0.9933 33.35
20% 0.9899 31.59
30% 0.9828 29.27
40% 0.9701 26.84
50% 0.9422 23.92
60% 0.8729 20.28
70% 0.7172 16.45
80% 0.4931 13.15
(©)
NOISE DENSITY CORR?2 PSNR (db)
10% 0.9981 38.5
20% 0.9962 35.43
30% 0.9929 33.03
40% 0.9890 30.73
50% 0.9814 28.98
60% 0.9369 26.4
70% 0.9360 24.0
80% 0.8475 20.18

(d)

NOISE DENSITY CORR2 PSNR (db)
10% 0.9980 38.56
20% 0.9962 35.89
30% 0.9927 32.99
40% 0.9887 30.77
50% 0.9812 28.383
60% 0.9633 26.165
70% 0.9356 23.49
80% 0.8476 19.7
(e)
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Figure 2: PSNR Plot Against Noise Density
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Figure 3: Correlation Factor Plot Against Noise Density

Following figure shows the comparison of the results
obtained:
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Figure 4: (a) Corrupted Image with Impulse Noise with Noise Density Starting from 10% to 80% (b)-(f): Corresponding
Filtered Images of General SM Filter [1], ZSMF[2], Alpha Trimmed [3], BDND[4] and BDND2010[5]
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4. CONCLUSION

In this paper, we compared the various switching median
algorithms. By observing the plots of psnr, correlation factor and
the simulation results, it can be observed that BDND performs
much better than other switching median algorithms.
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