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Adaptive efficient non-local image filtering

Xu Guangyu', Tan Jieqing'”*, Zhong Jinqgin'
1. School of Computer & Information of HFUT, Hefei 230009, China; 2. School of Mathematics of HFUT, Hefei 230009, China

Abstract: Non-local Means Filtering (NLMF) has been a popular issue in the image filtering field. The existing NLMFs
based pre-selections are analyzed, and it is pointed out that they all have deficiencies in terms of feature extraction from
image patches. An adaptive and effeicient NLMF method is proposed using singular value decomposition (SVD) in the
gradient domain. Our contributions to NLMF based pre-selection are; 1) the robust pre-selection method based structure
feature from image patch; 2) the relation between size of the similar sets and filtering performance is analyzed;
3) automatic selection of similar patches; 4) local adaptive selection of the filtering parameter. In addition, the
symmetry of the Euclidean distance is considered to accelerate the proposed method further. The experimental results show
that the proposed method outperforms the original NLMF and other fast NLMF's on subjective and objective aspects, and has
rapid running speed. The proposed method is an efficient filtering method.

Key words: nonlocal means filtering; singular value decomposition; image feature; preselection; filtering parameter
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Fig.3  Filtering performance with filter parameter h
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Table 1 Performance (PSNR) comparison

Lena 45 h SRl EIE R h
’ NLMF PCA-NLMF SVD-NLMF SVD-NLMF

X1 35.77 35.79 35.75 35.81

X2  27.58 27. 64 27.62 27.66
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Fig. 4 Comparison of filtering results
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Fig.5 Comparison of filtering results
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Table 2 Performance (PSNR, MSSIM) comparison

it A 7 2 NLMF Mahmoudi PCA-NLMF SVD-NLMF
7 ER 7¢ PSNR/AB  MSSIM PSNR/AB  MSSIM PSNR/dB  MSSIM PSNR/dB  MSSIM  PSNR/AB  MSSIM
Lena 10.17  28.15  0.6876 3492  0.9162  34.75  0.9069  35.17 0.9256 3526  0.9379
Barbara 10.19  28.14  0.7847  33.79  0.9462  33.54  0.9181  33.92  0.9587  34.15 0.9724
10 House 10.25  28.14  0.6522  35.28  0.9036  35.03  0.8823  35.37 . 0.9144 3548  0.9173
Man  9.91  28.16 0.6798  31.92  0.9107 31.59  0.8946 32,11 0.9225  32.31  0.9355
Lena  20.48 ~ 22.13  0.4388  31.33  0.8319  30.97 0.8143  31.59  0.8526  31.74  0.8698
Babara 19.79 22,12  0.5751  30.06  0.8726  29.76  0.8526  30.37  0.8905  30.54  0.9173
2 House 19.86  22.14  0.4185 32,59  0.8314  32.33  0.8157 32,75 0.8461 32.83  0.8555
Man  19.76  22.15  0.4781  29.51  0.8318  29.36 0.8195 29.62  0.8443 29.75  0.8532
Lena  38.94 16,08  0.2342  28.47 0.6902  28.16° 0.6696  28.64 0.6973  28.79  0.7115
Barbara 38.79  16.05  0.3466  26.69  0.7390  26.42  0.7132  26.83  0.7495  26.98  0.7629
0 House 39.17  16.11  0.406 1  29.56  0.6805  29.38  0.6679  29.67 = 0.6894  29.79  0.703 6
Man  39.84 16.06  0.3049  26.07 0.6871  25.87  0.6698 ~26.23  0.6973  26.36  0.7177

3L T AR UE RN . P FHIER N
Man (256 x256) #l Lena (512 x512) E{% , 8 &R % I
SW 2RI 13 x 13 5 21 x 21, M AR UEDE H 20, i
W FERTH Matlab #2)% 7€ Pentium 2.6 GHz i34
WG Z UG53, R 3 el LUE Y, NLMF J5
TEFEIT B 5 T A 3 Fh oy ik s Mahmoudi J7 v HYFE
i f /b, Mahmoudi J7 VAN BEAS T ph P 176 4% [

(HRAE , IFS2 WP K520, AN REAT RO A DR e 1
A5 14T 2 18] 1 7F i ; SVD-NLMF J7 ik AR i /b
T NLMF J5 35 PCA-NLMF J535 o A 3 henl A
AL, S EG R R A 1R, PCA-NLMF J5 3%
FEITSE AT ., 2 th T REE R IR A
K, PCA $REURFIE [i) 1 2211 #E 4 2 A9 I [E], 1M SVD-
NLMF J5 ¥ BN R BN

©  [H K G B T 2RI AT



54 1

VPOLT, 55« B A TR R s R s 479

&3 BERAENEZEER

Table 3 Computation time comparison

/s

Man (256 x256) Lena(512 x512)

13 x13 21 x21 13 x13 21 x21

NLMF 35.11 99.99 160. 18 435.88
Mahmoudi 9.19 28.42 47.65 116.35
PCA-NLMF 13.36 37.52 73.06 197.72
SVD-NLMF 12.34 31.69 55.76 136.61
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SVD fe i 8 JRy B X B A # 5 B, AR AR 14
RN AR SR A A R T il S
BUE T 2R s 4R HU) Rl BERS 5 e st S e Pl 5
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