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Image salt-and-pepper noise estimation based on partitioning strategy

Lin Yaming, Li Zuoyong, Lin Yeyu
Department of Computer Science, Minjiang University, Fuzhou 350108, China

Abstract: Objective Salt-and-pepper noise is one of the most common factors causing image contamination. Salt-and-pep-
per noise estimation has a guiding role in determining the size of the filtering window in denoising. Thus, we propose an al-
gorithm based on the partitioning strategy to estimate salt-and-pepper noise density. Method The proposed algorithm hori-
zontally and vertically splits the image equally into sub-blocks, counts the pixels of the sub-blocks with gray levels of O or
255, sorts all sub-blocks, selects candidate sub-blocks according to the characteristics of the different equences of the sor-
ted pixel numbers, and uses the median of the noise density estimations of all the candidate sub-blocks as to estimate the
noise density of the whole image. Result To evaluate the proposed approach, two different types of images are processed
using the presented method, and the noise density estimation results are compared with those of existing salt-and-pepper
noise density estimation algorithms. Conclusion Simulation results show that the new algorithm can accurately estimate
noise density under different intensities and is effective for images that have many exireme pixels with gray levels of 0
or 255.

Key words: salt-and-pepper noise; density estimation; median filter; histogram
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Table 1 Transform space and features used by

various frequency-domain methods
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Fig. 4 Analysis on extreme-pixel distribution of sub-blocks in Moon
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Table 2 Comparison of noise density estimation results between ours and Li method

5% 10% 15% 20% 25% 30% 35% 40%
m( (]) 4.976 9 9.9815 15. 005 19. 950 24. 931 29. 991 34. 995 39. 691
=p

AR s(d) 0.0009 0.0017 0.001 8 0.002 6 0.003 1 0.002 6 0.0027 0.0117

%1 HRR
m(d) 5.3130 9.8233  14.733  20.168  25.411  30.786  34.055  39.555
Li Sk s(d) 0.0039 0.0153 0.0168 0.0248 0.0248 0.0272 0.0350 0.0369
S m(?l) 5.069 3 10. 074 15. 069 20. 097 25. 148 30. 166 35.037 39.977
s( d) 0.002 5 0.002 5 0.003 2 0.0032 0.003 6 0.004 1 0.003 2 0.003 8

o552 ARG
o m(d)  5.5142  9.1547 14.736  19.329  25.667  30.825  34.534  40.601

e

o s(d) 0.0033 0.0151 0.0170 0.0300 0.0282 0.0379 0.0271 0.0332
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Table 3 Comparison of noise density estimation results between ours,Duan method and Xu method

10% 20% 30% 40% 50% 60% 70% 80% 90%
- m(d) 9.9538 20.018 30.028 40.037 50.055 59.935 70.092 80.055 90.055
o s(d) 0.0012 0.0022 0.0021  0.0021 0.0023 0.0021 0.0030 0.0022 0.0020
. o d) 10.046 20.027 30.076 40.068 50.030 60.002 70.040 80.036 89.984
51 KB Duan 573k
s(d) 0.0020 0.0019 0.0022 0.0020 0.0016 0.0018 0.0022 0.0014 0.0010
Xu Bk m(d) 9.3004 18.971 29.383 38.560 47.942 55.432 62.551 61.481 53.992
u
s(d) 0.0321 0.0320 0.0363 0.0327 0.0411 0.0388 0.0344 0.0449 0.0503
S m(d) 10.046 20.028 30.134 39.963 49.898 60.028 69.820 80.023  90.028
wz ~
s(d) 0.0029 0.0034 0.0037 0.0038 0.0091 0.0041 0.0125 0.0027 0.0022
. m(d)  12.127 22.305 32.121 41.807 51.456 61.180 ~ 70.908 80.616 90.274
$2 KR Duan Hik
s(d) 0.06099 0.0798 0.0738 0.0639 0.0541 0.0434 0.0326 0.0220 0.0110
X Bk m(d) 8.2716 18.848 28.848 37.737 46.173 53.951 58.230 60.370 53.539
=
s(d) 0.0321 0.0352 0.0469 0.0443 0.0416 0.0503 0.0534 0.0537 0.0464
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Fig. 5 Distribution of remote sensing image’s extreme-pixels

and its noise density estimation results
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Table 4 Restoration results in PSNR of Sawm method and Sawm_2 method for

ten images in Fig. 1 under three noise ratios

/dB
Sawm B3k Sawm_2 Bk

i 20% 50% 80% 20% 50% 80%

(a) 36.9910 30.943 5 26.1900 36.9910 30.9435 26.1900
(b) 37.5980 31.069 5 25.917 1 37.5980 31.069 5 25.9171
(¢) 30.8180 26.1659 22.7104 30.8180 26.1659 22.7104
(d) 36.288 7 30.988 2 26.2377 36.288 7 30.988 2 26.2377
(e) 34.3252 28.8414 23.9157 34.3252 28.8414 23.9157
() 31.540 4 26.656 3 22.676 4 31.596 0 26.656 3 22.676 4
(g) 31.084 5 26.398 0 22.282'1 31.084 5 26.398 0 22.2821
(h) 26.0159 24.5509 21.2994 27.446 6 25.9297 23.681 1
(1) 29.470 5 20.8205 12.788 8 32.3655 26.698 8 21.4118
(j) 27.989 0 18.5254 9.9772 28.5391 23.6217 19.646 6
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