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Image salt-and-pepper noise detection and removal based on fuzzy switching

Wang Yi Wang Jiangyun Song Xiao Han Liang

(School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191, China)

Abstract: In order to remove salt-and-pepper noise, a novel fuzzy switching adaptive weighted mean filter is proposed to eliminate the
noise effectively. The method includes two stages: noise detection and noise elimination. In the first stage, first pixels are differentiated
into two kinds: noiseless pixels and possible noise pixels. For the second kind pixels, we use the method of the sum of absolute
luminance difference with processed pixels next to it and introduce two thresholds to divide them into three categories, noiseless pixels,
lightly corrupted pixels and heavily corrupted pixels. In the second stage, a Dy distance relevant fuzzy switching adaptive weighted mean
filter is proposed to remove salt-and-pepper noise. The simulation results show that compared with some existing methods, our method
can effectively eliminate salt-and-pepper noise, the results contain more details, and have higher values of two typical image quality
metrics; peak signal-to-noise ratio (PSNR) and structural similarity (SSIM). Our method saves over 65% processing time compared
with the adaptive weighted mean filter, which has the most similar results.
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Fig.1 Comparision of experiment results

(a) M5 143 LE90% (b) MF (c) AMF
(a) Noise percentage 90%
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(h) Original clean image

E 2  ‘Lena’ BURAEM:F LB 90% B ik 5
HA LR ik 45 3
JURPIT A B B 5 b (dB) S E5FAHBLEE 430 MF (8.52,
0.0533), AMF (22. 17,0.7621), NRIPN (23.05,0. 7929), NAFSMF
(25.96,0.8731) ,AWMF(26. 12,0.8730) , Dy (26.20,0.8752)

Fig.2 Comparison of results of several methods of
image ‘Lena’ with noise percentage 90%
The PSNR and SSIM are; MF (8.52,0.0533), AMF (22.17,0.7621),
NRIPN (23.05,0. 7929 ), NAFSMF (25.96,0. 8731), AWMF (26. 12,
0.8730) , Dy (26.20,0.8752)
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Table 1 PSNR of several images of several methods with different noise percentages

K 1% Dikes 30% 40% 50% 60% 70% 80% 90%
NRIPN 34.420 1 32.2712 30.386 7 28.654 1 26.808 1 25.0195 23.046 1
Lena NAFSMF 36.846 3 34.882 9 33.2255 31.788 2 30.2320 28.535 6 25.962 5
AWMF 36.136 0 34.913 3 33.567 4 32.150 0 30.506 9 28.701 4 26.123 0
Dy 37.194 3 35.433 9 33.8393 32.312 0 30.599 1 28.768 8 26.2051
NRIPN 33.154 9 31.020 3 29.060 1 27.658 7 25.895 3 24.2512 22.248 1
house NAFSMF 35.429 7 33.455 8 31.797 1 30.272°5 28.884 2 27.265 5 24.696 2
AWMF 34.926 3 33.5390 32.204 7 30.967 8 29.493 0 27.489 1 24.959 3
Dy 35.777 5 34.3550 32.617 8 31.243 9 29.558 2 27.561 6 25.152 8
NRIPN 30.952 2 28.986 2 27.3393 25.738 4 24.246 1 22.747 3 21.060 4
boat NAFSMF 33.004 4 31.161 0 29.517 0 28.247 4 26.932 4 25.396 1 23.297 2
AWMF 32.393 5 31.2154 29.871 8 28.622 4 27.257 6 25.5413 23.348 8
Dy 33.208 6 31.711 0 30.276 2 28.739 9 27.3017 25.642 4 23.4189
NRIPN 27.324 17 25.669 6 24.268 7 23.059 3 21.953 0 20.784 6 19.620 1
Barbara NAFSMF 28.537 6 26.974 6 25.702 8 24.605 1 23.513 5 22.402 5 21.094 8
AWMF 28.880 6 27.514 0 26.319 8 25.1153 23.929 7 22.682 4 21.168 1
Dy 29.215 8 27.732 3 26.428 4 25.190 2 23.962 0 22.753 0 21.268 5
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Table 2 SSIM of several images of several methods with different noise percentages

K 1% Dikos 30% 40% 50% 60% 70% 80% 90%
NRIPN 0.9859 0.976 6 0.963 1 0.943 7 0.914 3 0.867 5 0.792 9
Lena NAFSMF 0.990 8 0.9856 0.978 9 0.969 7 0.955 8 0.929 9 0.873 1
AWMF 0.990 1 0.985 6 0.979 5 0.971 0 0.956 3 0.9313 0.873 0
Dy 0.991 4 0.986 6 0.980 3 0.971 3 0.957 2 0.9318 0.8752
NRIPN 0.940 0 0.9117 0.8754 0.8389 0.7915 0.728 5 0.653 6
house NAFSMF 0.954 2 0.933 4 0.909 8 0.8820 0.850 3 0.806 6 0.737 17
AWMF 0.953 5 0.936 2 0.915 4 0.8915 0.857 1 0.811 8 0.741 1
Dy 0.956 9 0.941 4 0.918 0 0.8937 0.857 5 0.8139 0.748 9
NRIPN 0.973 6 0.956 0 0.9339 0.901 5 0.859 9 0.794 9 0.693 7
boat NAFSMF 0.9817 0.971 0 0.957 8 0.942 7 0.917 4 0.878 3 0.787 1
AWMF 0.981 2 0.97217 0.960 9 0.946 5 0.921 4 0.878 2 0.787 2
Dy 0.982 9 0.974 8 0.962 5 0.946 9 0.922 4 0.881 2 0.787 6
NRIPN 0.947 6 0.9215 0.890 8 0.8535 0.810 1 0.752'5 0.668 0
Barbara NAFSMF 0.958 1 0.937 6 0.916 5 0.8917 0.858 5 0.815 8 0.742 4
AWMF 0.962 1 0.945 3 0.923 9 0.897 8 0.864 2 0.817 4 0.742 7
Dy 0.963 2 0.948 1 0.9258 0.901 2 0.865 2 0.824 2 0.744 1
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Fig.3 The curves of mean proceeding time of four

images with different noise percentages
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