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Based on structural similarity improved non-local means image denoising algorithm
JIAO Chenguang, ZHANG Xiaobo

(School of Computer Science, Xi'an Shiyou University, Xi’an 710065, China)

Abstract; Non-local means filtering (NLM) uses the weighted average of pixel neighborhoods for image denoising, but using the
weighted Euclidean distance to measure the similarity of pixel neighborhoods has some limitations and inaccuracies. In order to
improve the denoising effect of the NLM algorithm, this paper proposes an improved NLM image denoising algorithm based on
structural similarity. The algorithm introduces the image quality evaluation index structure similarity ( SSIM) into the pixel
neighborhood similarity measurement to improve the ability of the algorithm to retain the image structure information. The pixel
adjustment based on the pre—denoised image can reduce the influence of noise and contrast on the denoising task. The experimental
results show that compared with the traditional NLM algorithm and some improved algorithms based on NLM, the proposed
algorithm can obtain better image denoising effect.
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Fig. 1 Comparison results of two pixel adjustment methods
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Table 1 PSNR and SSIM comparisons of proposed algorithm and SSIM-NLM algorithm

Barbara Lena Boat
[ESEEA
SSIM-NLM ASCAE SSIM-NLM ARSCE SSIM-NLM ASCE
o =15 32.1/0.944  32.24/0.953 33.11/0.893  33.45/0.939 31.26/0.900  31.17/0.918
o =25 29.28/0.889  29.82/0.921 30.52/0.858  31.33/0.909 28.54/0.815  28.88/0. 865
o =30 28.21/0.858  28.95/0.906 29.42/0.818  30.55/0. 895 27.58/0.779  28.07/0.844
o =50 24.85/0.721  26.13/0.839 25.92/0.645  27.95/0. 834 24.39/0.599  25.73/0.765

PEICEAT AN ] /N1 2548 R A I 121 1%
( Barbara, Lena, Boat, Cameraman, House . Peppers |
Fingerprint . Montage ) , 73 5@ INIEA 0, hnifE2E R
10.,20,30 .40 (15 W7 M | 6 A% 58 NLM Bkt
NLM 573 9 e 3 55 B0 (Patchwise) 7 B2 i
4l ( Statistical Nearest Neighbors, SNN) NLM il
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WAL A T ORRI R BE (AR 52 55 Bl NLM B75 1)
Mg g B R R R IR (Lena EMZ) W 4 fras , Al
DI H R SCRR AR 4019 S8 = 3 1 X3, R R 4L
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R2 AXBEESHMEZNEBRLE R (PSNR/SSIM)
Table 2 PSNR and SSIM comparisons of proposed algorithm and other algorithms

WK P % o NLM!? NLM-Patchwise ®’  SNN-NLM'7) WFCW-NLM'® RS
Barbara 10 33.64/0. 967 32.57/0.970 32.50/0. 969 33.83/0.970 34.18/0. 969
20 29.66/0. 920 29.79/0. 936 29.68/0. 932 30. 18/0. 927 30.88/0. 938
30 27.10/0. 867 27.88/0. 894 27.68/0. 888 27.68/0. 879 28.94/0. 906
40 25.34/0. 814 26.23/0. 849 25.92/0. 840 25.92/0. 831 27.29/0. 875
Lena 10 34.77/0.957 34.15/0. 963 34.09/0. 961 35.22/0. 961 35.12/0.957
20 31.27/0.910 31.28/0.923 31.00/0. 917 31.98/0. 921 32.24/0.923
30 29.12/0. 866 29.45/0. 883 28.95/0. 871 29.82/0. 881 30.55/0. 895
40 27.51/0. 822 27.96/0. 844 27.27/0. 823 28.31/0. 841 29.03/0. 867
Boat 10 32.77/0.948 32.34/0. 960 32.38/0.958 32.97/0.950 33.06/0. 950
20 29.33/0. 880 29.33/0. 901 29.25/0. 899 29.62/0. 881 29.86/0. 891
30 27.20/0. 819 27.54/0. 842 27.31/0. 839 27.51/0. 823 28.06/0. 844
40 25.69/0. 764 26. 15/0. 790 25.79/0.783 26.06/0. 772 26. 62/0. 807
Cameraman 10 32.07/0. 901 32.75/0.917 32.85/0. 908 33.06/0.912 33.76/0. 922
20 29.27/0. 813 29.15/0.832 29.30/0. 806 29.49/0.827 29.65/0. 849
30 27.27/0.728 27.23/0.755 27.28/0.712 27.73/0. 766 27.48/0. 809
40 25.61/0. 645 25.90/0. 687 25.78/0. 629 26.07/0. 706 25.68/0.763
House 10 35.30/0. 893 35.08/0.899 35.02/0. 894 35.49/0. 894 35.48/0.880
20 31.93/0. 818 32.04/0. 829 31.77/0. 800 32.50/0. 841 33.03/0. 855
30 29.43/0. 735 29.99/0. 762 29.47/0.709 30.02/0. 783 31.22/0. 833
40 27.47/0.650 28.25/0. 694 27.60/0. 624 28.18/0.723 29.44/0.794
Peppers 10 33.28/0.911 32.90/0. 906 33.07/0. 904 33.88/0.917 34.31/0.919
20 29.82/0. 833 29.67/0.838 29.69/0.818 30. 60/0. 860 30.77/0.875
30 27.58/0.754 27.83/0.770 27.67/0.731 28.37/0. 804 28.63/0. 837
40 25.86/0. 676 26.34/0. 704 25.98/0. 650 26.71/0. 750 26.81/0. 786
Fingerprint 10 31.29/0.986 29.04/0.988 28.99/0.987 31.08/0.987 31.42/0. 988
20 27.86/0. 955 26.57/0. 962 26.76/0. 961 27.45/0. 946 27.71/0.961
30 25.42/0.910 25.11/0.925 25.27/0.929 25.05/0. 892 25.82/0. 931
40 23.44/0. 853 23.67/0.880 23.73/0.892 23.23/0.830 24.29/0. 903
Montage 10 35.54/0. 941 35.13/0.943 35.26/0. 935 35.40/0. 951 36.69/0. 960
20 31.66/0. 865 31.38/0. 878 31.35/0. 846 31.47/0. 898 32.69/0.929
30 29.17/0.782 29.12/0. 808 28.99/0.754 29.22/0. 841 30.24/0. 897

40 27.23/0. 697 27.36/0. 739 27.13/0. 669 27.56/0.783 28.00/0. 845
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Fig. 3 House image denoising results(o=30)
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Fig. 4 Lena image denoising results(o=30)
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Fig. 5 Residual image of Barbara image
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