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Non-convex weighted-L -norm sparse-error constraint for image denoising
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(1. College of Computer and Information Engineering, He’nan Normal University, Xinxiang 453007, China; 2. Engineering Techno-
logy Research Center for Computing Intelligence and Data Mining in Colleges and University of He’nan Province, Xinxiang 453007,
China)

Abstract: Due to noise during image denoising, it is difficult to learn accurate prior knowledge. Therefore, obtaining a
desirable sparse coefficient proves to be difficult. To solve this problem, this paper proposes an image denoising meth-
od based on the non-convex weighted-/,-norm sparse-error constraint. This algorithm decomposes the coefficient-solv-
ing process into two sub-problems. First, the algorithm solves the sparse coefficient in the /, norm by the generalized
soft threshold value algorithm and then uses the surrogate algorithm to solve the sparse coefficient in the sparse-error
constraint. Finally, the algorithm obtains a robust sparse coefficient according to its average value. The experimental res-
ults show that the proposed algorithm features a high peak signal-to-noise ratio and high efficiency in terms of the run-

ning time. Simultaneously, a desirable visual perception is obtained.
Keywords: image denoising; sparse representation; sparse coefficient; prior knowledge; /, norm; non-convex weighted

1, norm; sparse error constraint; peak signal-to-noise ratio
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Fig.1 All test images for the denoising experiments
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F1 AEAERBREEEREE =20 THIPSNR AR
Table 1 Denoising PSNR results of different denoising algorithms under standard deviations ¢=20 dB
sk
EEES
BM3D EPLL NCSR WNNM AST-NLS MSEPLL ZS WIRES
Barbara 31.77 29.76 31.72 32.19 31.43 30.36 31.93
Monarch 30.35 30.48 30.69 31.10 30.89 30.32 31.17
Foreman 34.54 34.05 30.52 34.72 34.55 34.09 34.86
Couple 30.76 30.54 30.56 30.82 30.68 31.06 32.55
House 33.77 32.98 33.97 34.01 33.87 33.27 34.08
Lin 32.83 32.56 3242 33.01 33.81 32.80 34.08
Parrot 29.96 29.97 32.16 30.19 32.42 31.52 33.03
Goldhill 30.72 30.49 30.61 30.81 30.06 30.58 30.36
C.man 30.28 30.34 30.48 30.75 30.48 30.59 31.47
Boat 29.69 30.66 30.74 31.00 30.76 30.92 31.26
Leaves 29.08 30.76 30.59 30.74 30.14 30.63 31.12
Lena 31.60 32.61 32.92 33.12 31.59 32.85 32.86
Peppers 31.14 31.17 31.26 31.53 31.36 31.23 31.86
Airplane 30.44 32.41 32.58 32.82 32.71 32.49 33.06
FHIE 31.21 31.34 31.52 31.92 31.77 31.60 3241
xR2 FARAEREXEREZ =30 TH PSNR £ R
Table 2 The PSNR results of different denoising algorithms under standard deviations 6=30 dB
X7
KES ——
BM3D EPLL NCSR WNNM AST-NLS MSEPLL AR5k
Barbara 29.18 27.56 28.90 29.56 29.31 27.72 29.60
Monarch 28.36 28.35 28.46 28.91 28.73 28.49 28.96
Foreman 32.69 29.66 32.78 33.01 32.79 32.34 33.35
Couple 30.08 28.61 28.57 28.98 30.30 30.42 30.68
House 32.08 31.22 32.07 32.52 32.26 31.71 32.69
Lin 30.95 30.72 30.84 30.96 30.83 30.96 31.05
Parrot 29.13 28.07 30.38 28.33 30.52 30.29 30.61
Goldhill 28.44 28.40 28.25 28.58 28.37 28.41 28.61
C.man 28.63 28.36 28.58 28.80 28.72 28.37 29.31
Boat 29.11 28.89 28.94 29.24 28.92 28.74 28.92
Leaves 27.82 27.38 28.14 28.62 28.46 27.26 28.64
Lena 29.55 31.61 29.43 29.83 29.52 29.46 30.08
Peppers 29.28 28.35 31.11 29.48 29.35 29.67 30.56
Airplane 27.56 30.41 30.70 30.87 31.02 30.96 31.21
FEIE 29.49 29.11 29.80 29.84 29.94 29.63 30.31
R3 TEAEBREEEREE =40 THHPSNRE R
Table 3 Denoising PSNR results of different denoising algorithms under standard deviations c=40 dB
i1 i —
BM3D EPLL NCSR WNNM AST-NLS MSEPLL AR5k
Barbara 27.33 25.63 27.36 27.79 27.51 26.04 27.89
Monarch 26.74 26.35 26.85 26.18 27.30 27.06 27.58
Foreman 31.11 28.32 31.59 31.54 31.27 31.05 31.75
Couple 29.13 27.16 27.24 26.65 28.89 29.15 29.44
House 30.65 29.94 30.80 30.23 3091 30.47 31.42
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Kz Sk
BM3D EPLL NCSR WNNM AST-NLS MSEPLL A5k
Lin 29.52 27.83 29.45 29.80 29.39 29.68 29.88
Parrot 28.59 27.42 28.96 27.89 29.03 28.94 29.32
Goldhill 27.21 25.64 27.02 27.25 27.08 27.18 27.35
C.man 26.78 26.96 27.12 27.58 27.41 27.08 27.54
Boat 26.09 26.46 27.65 27.97 27.31 27.42 28.32
Leaves 25.69 24.79 26.24 27.01 26.86 25.72 27.14
Lena 27.83 27.98 28.01 28.38 28.12 28.05 28.38
Peppers 27.42 27.71 30.07 27.21 27.44 28.62 29.86
Airplane 26.45 27.03 29.28 26.80 28.96 28.84 29.93
FHMH 27.90 27.09 28.40 28.02 28.39 28.24 28.99
F4 FEEREEEREE =50 TH PSNR &R
Table 4 Denoising PSNR results of different denoising algorithms under standard deviations ¢=50 dB
R
KR
BM3D EPLL NCSR WNNM AST-NLS MSEPLL BN GRS

Barbara 26.45 24.82 26.25 26.69 26.41 25.06 26.72
Monarch 28.51 25.77 25.76 26.18 26.10 25.93 26.20
Foreman 30.24 29.26 30.56 30.85 30.60 30.04 31.01
Couple 26.46 26.23 26.19 27.45 27.90 28.23 28.30
House 29.69 28.76 29.62 30.23 30.13 29.47 30.33
Lin 28.71 28.28 28.40 28.83 28.50 28.69 28.90
Parrot 26.89 25.83 27.88 27.80 28.06 27.90 28.23
Goldhill 26.27 26.36 26.06 26.45 26.22 26.28 26.32
C.man 26.13 26.03 26.15 26.42 26.34 26.12 26.62
Boat 26.78 26.65 26.67 26.97 26.62 26.94 26.73
Leaves 24.75 24.36 24.96 25.49 25.51 24.42 25.69
Lena 28.07 28.42 27.02 27.16 27.08 26.97 27.40
Peppers 26.68 26.62 28.07 26.81 26.84 26.82 28.77
Airplane 25.10 27.88 28.18 28.44 28.89 27.32 28.76
FEE 27.20 26.81 27.27 27.56 27.51 27.16 27.86
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Table 5 Average run time with related methods for the 14 test images

Bk BM3D EPLL NCSR
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AST-NLS MSEPLL AR

Bfal/s  2.67+0.04 103.78+2.56 374.01+9.47

169.32+1.43

327.16+£2.94 185.74+2.34 89.64+7.62

pIRTVINPNL S RPN ORIy & N N L 2
bR 224 0=40 ) House M3 KR 4T 1 7 HL 5%

K, SCH AR AN 2 Fros o MK 2 I R A
AT AT DU A Y, AR A SRR A



506 * /O A

S S ¢ %14 %

THZH MR, WA TIRZ MR . W 2(c)
fi7~, i F EPLL Bk 20 7 BMR 09 R )R 3 B A
oL, Lo 3 R 45 48 30 % b 1) 45 A5 B A AE ™
TR, M T EOWALSE IR AZ o AR ST R RS RS
FAE M INAL £, JERHEA TR, R B 3R )5
BB AL, FE A R 2 R R R R 1 (] BB
{88 T RS B SO AE, A&l 23) s, @i b
AT AT AL, A SO R Y B B A i g
PERE, AR L3R AT 44 5 i PSNR fA, [A] B8 7= A
T AR AZ

= i
(a) JRIRIER (b)) A EMR () EPLL

() WNNM () MSEPLL  (f) BM3D

(22 NCSR  (h) AST-NLS

() A 3K

2 House MiXEGHERER

Fig.2 Denoising results of House test images
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