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Modified Switching Filter using Noise Density of

Local Mask in Salt & Pepper Noise Environments

Sang-Woo Hong

Department of Control and Instrumentation Engineering
The Graduate School
Pukyong National University

Abstract

Due to the recent development of the display technology, digital
image processing has been used in many fields. In general, digital
image processing data represent a visual error while entailing heat
deterioration due to external causes in the process of acquiring,
processing, and analyzing them. Therefore, in this paper, various studies
have been conducted to remove noise added in the image.

There are many types of noises added in the image depending on the
causes and forms. As for representative examples, there are salt &
pepper noise and AWGN(adaptive white Gaussian noise). There are
lincar and non-linear filters designed to remove such noise. As for
linear filter, there are AF(average filter) and WF(wiener filter). As for
non-linear filter, there are MF(median filter), HMF(hybrid median

filter), and MMF(modified median filter). As a representative linear



filter, AF calculates the average of neighboring pixels in the local
mask and processes them. Therefore, it features in outstandingly
removing noises in AWGN and low frequency. MF, a non-linear filter,
arranges the scale of neighboring noises in the near the mask in a
descending order and processes them with a median. Therefore, it
features in effectively removing salt and pepper noise. However,
previous filters have been insufficient in removing noise in the
environment with highly dense salt & pepper noises.

Therefore, this study has suggested a deformed switching filter that
maintained the central pixel in the local mask not as a noise but as an
original pixel through judging whether it was noise and arranged and
processed the noise according to the density of noise in the local
mask. In case of low density of noise in the local mask, dual linear
interpolation has been applied and processed. In case of med-density,
spatial weight filter has been applied. In case of high-density, medial
filter has been utilized for processing the noise. In addition, if center
pixels in the local mask were all noises, algorithm that calculated the
average value of processed pixels has been suggested. In addition,
PSNR(peak signal to noise ratio) has been used to evaluate the
function of algorithm in removing noises and compare them with other

existing methods.
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2.2.2 Salt & Pepper Noise
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O0(i,5) =median{z(i+p,j+q)l— N < p,qg < N},
O0(i,7) =min{z(i+p,j+q|l— N<p,qg< N}, (3.3)
O(i,j) = max{z(i +p,j+¢)l—N< p,qg< N},
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Fig. 4.1 Median filter
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(b) Noise image(P=50%)

Fig. 6.1 Test image and Noise image
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(d) PFA

Fig. 6.2 Simulation result of Girl Image (P=50%)
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Table 6.1 Each PSNR comparison for Girl image
Denoising Salt & Pepper noise density(P)
method 10% 20% 30% 40% 50% 60%
MF 30.76 30.36 29.34 26.35 21.44 16.92
HMF 22.55 16.90 13.80 11.65 10.02 8.76
MMF 40.98 37.59 34.49 29.27 23.39 18.43
PFA 41.26 37.99 36.07 34.57 33.17 31.78
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b) Noise image(P=50%
(b) ge( )

Fig. 6.4 Test image and Noise image
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(c) MMF (d) PFA

Fig. 6.5 Simulation result of Peppers Image (P=50%)
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Fig. 6.6 PSNR with salt & pepper noise density
Table 6.2 Each PSNR comparison for Peppers image
Denoising Salt & Pepper noise density(P)
method 10% 20% 30% 40% 509 60%
MF 30.13 29.50 28.48 25.43 20.99 16.30
HMF 22.08 16.56 13.47 11.22 9.67 8.39
MMF 40.76 38.10 34.23 29.43 24.12 18.23
PFA 41.85 38.94 36.69 3491 33.44 31.81
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(b) Noise image(P=50%)

Fig. 6.7 Test image and Noise image
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© MME (d) PFA

Fig. 6.8 Simulation result of Man Image (P=50%)
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Table 6.3 Each PSNR comparison for Man image
Denoising Salt & Pepper noise density(P)
method 10% 20% 30% 40% 50% 60%
MF 28.40 27.89 27.31 26.26 21.39 17.32
HMF 22.37 16.76 13.68 11.53 9.94 9.65
MMF 39.41 35.78 32.24 28.56 23.09 18.00
PFA 39.72 36.49 34.48 32.79 31.32 29.75
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(b) Noise image(P=50%)

Fig. 6.10 Test image and Noise image
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Fig. 6.11 Simulation result of Baboon Image (P=50%)
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Table 6.4 Each PSNR comparison for Baboon image
Denoising Salt & Pepper noise density(P)
method 10% 20% 30% 40% 50% 60%
MF 21.12 20.93 20.59 19.86 18.03 15.23
HMF 20.90 16.37 13.61 11.53 10.00 8.78
MMF 31.75 28.38 26.10 23.94 20.78 17.21
PFA 32.83 28.65 26.81 25.52 24.30 23.20
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