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Abstract; The reasons of ineffectiveness of median filtering and its improved algorithm for eliminating the
high-density salt-and-pepper noise are analyzed. A variational inpainting method is adopted to remove the
high-density salt-and-pepper noise, and a inpainting model of Non-local Total Variation( NL-TV) based on the
existing model of Total Variation( TV) is proposed in this article. In the NL-TV model based on the character-
istics of salt-and-pepper noise (uniform distribution and the gray value of O or 255) , we view the noise points
as the lost or damaged points of an image to find the districts similar to the neighborhoods of noise points in an
image, and then interpolate the noise points by taking the central pixel in a similar district as a new neighbor-
hood of noise points. By this method, we transform the problem of image denoising into a problem of image
restoration to remove the high-density noise. The experimental results show that the Peak Signal to Noise Rati-
os( PSNRs) are 22. 85 and 28. 77 after removing the noise for a color and gray-scale image with 90% of noise

density, which is better than the results obtained by median filter and its improved algorithm in terms of the
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objective evaluation criteria. Using this model, we can effectively remove the high-density salt-and-pepper

noise and restore the image details better, which provides a new approach to remove the high-density noise.

Key words: image denoising;image inpainting;salt and pepper noise; median filtering; non-local variational

inpainting
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Fig.2  Restoration results of TV and NL-TV for pepper image at different noise densities
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Fig.3  Comparison of PSNRs with different methods
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R1 HFFER PSNR HELEE

Tab.1 Comparative results of various methods in terms of PSNRs

Noise density/% PSNR

SMF WMF AMF DBA REA NL-TV
10 32.95 34.15 30.53 38.23 39.02 40. 84
20 28. 81 30.72 29.73 36.45 36.82 37.51
30 27.38 25.39 28.48 29.76 33.96 34.39
40 23.28 21.65 27.43 29.02 32.1 34.13
50 19.82 18.63 25.75 27.58 30.25 33.07
60 16.89 16.15 24.1 25.98 28.42 32.1
70 14.62 14.1 24.43 24.11 24.58 31.21
80 12.73 12.48 20.8 23.28 23.84 30.42
90 11.64 11.1 18.01 20.01 20.73 28.77
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Tab.2 Comparative results with various methods in terms of MSEs
Noise density/% MSE
SMF WMF AMF DBA REA NL-TV
10 25.9 20.341 35.76 20. 64 5.25 5.38
20 46.1 56.25 36.6 38.56 12.2 11.56
30 117.5 179.56 83.53 56.1 26.11 23.72
40 305.2 444.366 125. 66 81.36 40.29 25.1
50 677.05 895.804 147.37 113.2 61.35 40.06
60 1 330.06 1 586.43 254.72 163. 84 88.96 49.29
70 2241.23 2 524.05 466. 56 251.85 200.73 59.29
80 3464.5 3672.36 517.56 305.39 290.39 72.38
90 4 883.21 5 031.06 1 .041.99 730.72 563.21 86.3
*3 HBMFER MAE ELLER
Tab.3 Comparative results with various methods in terms of MAEs
Noise density/ % MAE
SMF WMF AMF DBA REA NL-TV
10 1.44 1.12 2.19 2.18 0.88 0.75
20 1.71 1.49 2.34 3.05 1.42 1.06
30 2.31 2.43 2.49 3.72 2.53 1.13
40 3.63 4.22 2.87 4.41 2.96 1.28
50 6.5 7.15 2.98 5.19 3.63 1.41
60 10.18 11.56 3.13 6.25 4.81 1.54
70 15.86 17.42 3.41 7.78 6.73 1.66
80 22.42 25.48 3.89 10.32 9.51 1.76
90 32.09 32.9 4.93 19.36 17.32 1.95

(e) AMF

K6 A5 Rhr x5 R 60% HY Lena P15 25 MECR

(f) DBA

() REA

(h) NL-TV

Fig.6 Restoration results with various methods for Lena image with 60% salt-and-pepper noise
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