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ABSTRACT

Nonlocal similarity of natural images leads to the fact that a patch matrix whose columns are similar patches of the
reference patch has a low rank. Images corrupted by additive white Gaussian noises (AWGN) make their patch matrices
to have a higher rank. The noise in the image can be reduced by obtaining low rank approximation of the patch matrices.
In this paper, an image denoising algorithm is proposed, which first constructs the patch matrices by combining the
similar patches of each reference patch, which is a part of the noisy image. For each patch matrix, the proposed algorithm
calculates its low rank approximate, and then recovers the original image by aggregating the low rank estimates. The
simulation results using widely accepted test images show that the proposed denoising algorithm outperforms four recent
methods.
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Table. 1 Denoising results in PSNR(dB) for test images

5 A 3ol ket kA HA P, A
P LRVMA(P) BM3D | EPLL | NCSR | WNNM | Prop.
6 i Barbara 3498 | 33.61 | 35.00 | 3551 | 35.51
7. P o] 7+ s e 2 X, o] T3 Boat 33.92 | 33.66 | 3391 | 34.09 | 34.11
Cameraman| 34.18 34.02 34.18 34.44 34.52
gl x|l gl © =712 7=z o1
8 A E 2 A S 7S A L el H Couple 34.04 | 3385 | 3400 | 34.14 | 34.15
9 endfor Hill 33.62 | 3348 | 33.69 | 33.79 | 33.81
0| X =x /W House 36.71 | 3575 | 36.80 | 3695 | 37.05
Lena 3593 | 3558 | 35.85 | 36.03 | 36.02
11: | endfor Parrot 33.57 | 33.58 | 33.56 | 33.81 | 3597
=9 X, Peppers 3468 | 3454 | 3468 | 3495 | 34.95
Starfish 3330 | 3329 | 33.65 | 33.99 | 34.00
Average 3449 | 34.14 | 3453 | 3477 | 35.01
(a) 0 =10
AlS
I, meojals BM3D | EPLL | NCSR [WNNM | Prop.
Barbara 29.81 | 2757 | 29.62 | 3031 | 3030
AP e A e A S glel mejay 2o S
ameraman . . . . o
O A FN=] 0y = o =)
< skl gEE v A PHER ASE S [Couple 28.87 | 28.62 | 2857 | 2898 | 29.00
ﬁu} H]ﬂ Ao 2= 28 A AL Mix|ula 2 g7 & Hill 29.16 | 2890 | 28.97 | 29.25 | 29.28
S . o Lena 31.26 | 30.79 | 31.06 | 31.43 | 3134
%O}Mﬂk A9 o o—-it‘ aF 13 2ol A 58S [parrot 2812 | 28.07 | 28.07 | 2833 | 30.64
) E3H= 107]9] GAFS Aeistach. E2HxK o) 10, | Peppers 2928 | 29.16 | 29.10 | 29.49 | 29.48
30, 50’ 1002 AWGN‘Q‘ BFAH A %_1 o A ol Al Starfish 27.65 27.52 27.78 28.08 28.14
o 2 A gL]?i 3/l »1 rof 4 Average 2940 | 2891 [ 2928 | 29.64 | 29.88
3151901 PSNR A% éiﬂrﬂ b 101] Zﬁldoﬂ‘:} il (b) 7=30
Ao F2 2HE EA a}ggq. 7&? A 74 459 Eﬂ_lxl Barbara 2723 | 2482 | 2699 | 2779 | 27.80
22 g o] BM3D tjjs] E&H3} 10, 30, 50, Boat 26.78 26.65 26.66 26.97 27.00
Cameraman | 26.12 26.02 26.14 26.42 26.53
o] 1O, 7+ o] &A1
1009} el A 2421 0.52, 048,052, 0.13dBef 84 7 g e 2646 | 2624 | 26.19 | 2665 | 26.62
A HYck 2E v Ak OEFE_EIEOH A = H Hill 27.19 | 2696 | 2699 | 2734 | 21.35
How 71 023 B3 House 2969 | 28.76 | 29.62 | 3032 | 30.27
Lena 29.05 | 2842 | 2890 | 2924 | 29.17
Barbara, House, Parrot, StarﬁSh —ﬂf % PO] 7 EH% B [Parrot 2590 | 2584 | 2571 | 2609 | 28.16
Ho| To AAo A th2F 0.5 ~2.5dB 5 ASS B Peppers 26.68 | 26.63 | 26.82 | 2691 | 26.90
ol @ o Abof| A T2 HFAl H T LhO. Hoo] Mo Starfish 25.04 25.04 25.07 25.44 25.52
Ak K o° geollAlE e o = [Average 2701 | 2654 | 2691 | 2732 | 27.53
R qith £3] Couple, Hill, Lena®} Zro] mA|sk Jﬂ‘ﬂ% (¢) 0=50
lo] ZGFS} ARl A AN A2 LE
o] Zet QoA elal A 2717k - BM3D | EPLL | NCSR | WNNM | Prop.
S Hol= F 7t solvh= 3ol 9ok 22 2 | Barbara 2362 | 2214 | 2320 | 24.37 | 2435
= oJato] i3t Wt Aol 1o0] F7]of Akl | Boat 2397 | 2371 | 23.68 | 24.10 | 24.11
Cameraman| 23.07 | 22.86 | 22.93 | 2336 | 23.50
Couple 2351 | 2332 | 23.15 | 2355 | 2352
Hill 2458 | 2443 | 2436 | 2475 | 24.67
House 2587 | 25.19 | 2556 | 26.68 | 26.69
Lena 2595 | 2530 | 25.71 | 2620 | 26.02
Parrot 2296 | 2271 | 2253 | 23.19 | 24.74
Peppers 2339 | 23.08 | 22.84 | 2346 | 2347
Starfish 2210 | 2192 | 2191 | 2222 | 2223
Average 2390 | 2347 | 2359 | 24.19 | 2433
(d) o= 100

Fig. 1 Images for denoising performance comparison
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