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Abstract; Generally, traditional compressed sensing ( CS) image recovery methods build the objective optimization
function by using the signal sparsity in some specific feature spaces. They do not fully take the local features and structural
properties of signal into account,which leads to constraints of the recovery performance and flexibility. In this paper,consid-
ering the non-local self-similarity (NLSS) in images, we propose an image CS reconstruction method based on the image
low-rank property by converting the CS recovery problem into a matrix rank minimization problem of aggregating similar
image patches. The proposed algorithm builds optimization model under the constraint of minimal recovery errors and em-
ploys the weighed nuclear norm minimization ( WNNM) method to solve the low-rank optimization problem. By taking ad-
vantage of them,the proposed method exploits the self-information and structured sparse characteristics of the image very
well,and therefore provides a better protection of image structures and textures. Experiments on different test images under
various sampling rates have shown the effectiveness of the proposed algorithm. Especially, for richly-textured images, our
method outperforms the art-of-the-state algorithms significantly under low sampling rates.
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XA T 52 ) WNNM-CS 503k 1A 2, 5
A RAEARCRAE R A G o 4= 5 i, Kot Re L 200 T

FoBT i) NLR-CS 59k,

®1 FEEFEZERE PSNR(B)E

WIIRE % WA
SR =0.05 SR =0.10 SR =0.15 SR =0.20 SR =0.25
RecPF 22.41 24.37 25.87 27.95 31.14
NESTA 22.35 24.09 25.61 28.40 32.25
Barbara BM3D-CS 22.57 26.83 32.09 34.82 36.95
NLR-CS 24.10 30.18 35.43 39.79 42.17
WNNM-CS 24.41 33.28 37.15 40.12 42.02
RecPF 25.33 30.89 34.41 37.28 39.72
NESTA 26.46 32.35 35.77 38.15 40.96
Parrots BM3D-CS 28.31 33.98 37.03 39.21 41.19
NLR-CS 29.27 34.28 39.25 41.60 43.58
WNNM-CS 29.53 35.35 38.65 41.15 43.07
RecPF 24.31 28.64 31.89 34.76 37.48
NESTA 24.96 29.51 32.79 35.72 38.45
Lena BM3D-CS 25.62 30.08 34.79 38.66 41.27
NLR-CS 26.95 33.15 37.39 41.17 43.97
WNNM-CS 27.56 33.38 37.56 41.42 43.59
RecPF 20.83 27.55 31.92 35.13 38.21
NESTA 21.51 28.86 33.20 36.38 39.23
Monarch BM3D-CS 23.45 30.76 34.26 37.11 40.13
NLR-CS 23.58 32.63 37.35 40.77 43.28
WNNM-CS 25.68 33.54 37.40 40.42 42.99
RecPF 23.37 27.49 31.61 33.40 37.40
NESTA 23.78 28.87 32.40 35.20 37.93
Boats BM3D-CS 25.17 30.58 34.11 36.52 39.06
NLR-CS 25.34 31.81 35.80 38.88 41.48
WNNM-CS 26.01 31.95 35.83 38.92 41.14
RecPF 23.90 28.98 31.76 34.21 35.98
NESTA 24.61 29.95 32.79 35.09 36.75
Peppers BM3D-CS 25.12 30.98 33.22 35.12 36.54
NLR-CS 25.74 31.94 34.41 36.34 37.87
WNNM-CS 26.57 32.41 34.58 36.15 37.56

h T VAL A AR A MR R A R, 5 SR
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D, PR A P AL () E A PR B BT 6 43 45 ) TR
4 0. 15 T 1% Monarch Fil Boats 7 Il {8 57 A [7] &
G fen T R S R RN 0 T A B T ik A O [

A% BN I BB 19 {5 e L ( Singal to Noise Ratio, SNR) , Bt
fHIE I 15 dB 2 35 dB, Z\4l o 5 4 K411 PSNR. A
K16 ATLUE H, FE A M I 00T, 32 Hh i3 WNNM-
CS My E APEREA AR O T A% L B8 3, UG T AR 47 1Y



702 B T % 2017 4F
Monarch Boats
38 36 |
361 ’
341
34t
{ v
32
g 32r 2
2 ™
Z 301 RecPF Z 30 RecPF
= 28 —v—NESTA —v— NESTA
) —e— BM3D-CS 28 —e— BM3D-CS
264 —&—NLR-CS ’? —&— NLR-CS
b —a— WNNM-CS —A— WNNM-CS
24 1 1 1 2 ¥ 1 1
15 20 25 30 35 15 20 25 30 35
MEAB 5L /dB AR L/ dB
(a) Monarch (b) Boats

Ko kISR RE LA

5 4ig

SMLI) TR AL — BB T8 TR S R
SE A2 18] B il i 20 P, AT 4240 15 5 19 ) 3 R A
SRS AE , BORE TR A S 0 40 PR I A 8 ELE 1 1
D55 B EE USRS I Z A T LUK B, B P AR K
AT A BL A5 R AR S, X PR L2 A AN A7 AE T
T DX, [ A0 R A A T SO XM 2 . A
PR I R AR SR 38 B AL, R AT LA g s 45 12 0 4
R AR, QL RE A R i v T Ak A0 1 I .
TRXPIMEE A SCHE I — o [T (5 AL AR B 114 1 4 Ja
PR B i o R IR TR e £ o SR B AR AR
B R R die /N [ AL, L e /I s 24 T R0 B A 3R 22 O 249 O
P AR, 55 AU 9 e /M B SR . 552
BRI REAR G ORI T IRTR A A5 48 R gL A0 Y, X
TR B ER , 7 TC M FIA B IR, S5 P REHR
B S M 1G9 16y s 24 R 4 R A B, (ROR R R
15 DA MR SO i, FLPERE DL T BB 19 [ 2 3%

S2%5 3k

i

b

N

[1] Candes E J,Romberg J, Tao T. Robust uncertainty princi-
ples :exact signal reconstruction from highly incomplete fre-
quency information [ J]. IEEE Transactions on Information
Theory ,2006,52(2) :489 —509.

[2] Donoho D L. Compressed sensing [ J]. IEEE Transactions
on Information Theory,2006,52(4) :1289 - 1306.

[3] Hitomi Y,Gu J,Gupta M, Mitsunaga T,Nayar S K. Video
from a single coded exposure photograph using a learned o-
ver-complete dictionary [ A ]. 2011 International Confer-
ence on Computer Vision (ICCV) [ C]. Barcelona:IEEE,
2011287 -294.

[4] XICLL, UM, 1R /D 3h, IS 3C. B T ok 1 A2 DR fic 38 B
TR RS BT B R 2 [T ] T 515 B2E I,
2012,34( 6) ;1844 — 1850
Liu J H,Li X X,Xu S K,Zhuang Z W. Compressed sens-

ing radar imaging methods based on modified mrthogonal
matching mursuit algorithms [ J]. Journal of Electronics
and Information Technology,2012,34( 6) 1844 — 1850.
(in Chinese)

[5] Chen S S,Donoho D, Saunders M A. Atomic decomposi-
tion by basis pursuit [ J]. SIAM Review,2001,43(1) :129
-159.

[6] Tropp J A,Gilbert A C. Signal recovery from random meas-
urements via orthogonal matching pursuit [ J]. IEEE Trans-
actions Information Theory,2007,53(2) :4655 —4666.

[7] Dai W, Milenkovic O. Subspace Pursuit for Compressive
Sensing : Closing the Gap Between Performance and Com-
plexity [ EB/OL]. http.//arxiv. org/abs/0803. 0811 ,2008.

[8] Elad M,Matalon B, Shtok J,et al. A wide-angle view at it-
erated shrinkage algorithms [ J]. Optical Engineering +
Applications. International Society for Optics and Photon-
ics,2007,6701 :26 —29.

[9] Osher S,Mao Y ,Dong B,Yin W. Fast linearized Bregman
iteration for compressive sensing and sparse denoising [J].
Communications in Mathematical Sciences,2010,8( 1) :93
—-111.

[10] Trzasko J, Manduca A. Highly undersampled magnetic
resonance image reconstruction via homotopic /,-minimi-
zation [ J]. IEEE Transactions on Medical Imaging,
2009,28(1) :106 - 121

[11] Li C, Yin W, Zhang Y. TVAL3: TV Minimization by
Augmented Lagrangian and Alternating Direction Algo-
rithms[ EB/OL]. http://www. caam. rice. edu/optimiza-
tion/L1/TVAL3/,2009.

[12] 235k, RS G, 28 S T, ki, A 8. — b 280 L 4
JE GRS [T, a2, 2011,39 (12) : 2796
-2800.

Li Z L,Chen HJ,LiJ P,Yao C,Yang N. An efficient al-
gorithm for compressed sensing image reconstruction
[J]. Acta Electronica Sinica,2011,39(12) :2796 —2800.
(in Chinese)



£ 3 M K FETIE R TP EAGRE I R0 A G Rk 703
[13] ERE,AEH,Z0H, B S8, MEE. ZHmashE T [23] Cai J,Candes E,Shen Z. A singular value thresholding al-

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

0 A R SR A [T ] P2 T RO i (A
SRBLF R ) ,2013,40(3) .73 - 80.

Wang L J,Shi G M, Li F,Xie X M,Lin Y H. Compressed
sensing image reconstruction in multiple sparse spaces
[J]. Journal of Xidian University ( Natural Science ),
2013,40(3) :73 - 80. (in Chinese)

Dong W, Shi G,Li X,Zhang L, Wu X. Image reconstruc-
tion with locally adaptive sparsity and nonlocal robust reg-
ularization [ J]. Signal Processing; Image Communica-
tion,2012,27(10) . 1109 - 1122.

Dong W, Shi G,Li X. Nonlocal image restoration with bi-
lateral variance estimation; a low-rank approach [J].
IEEE Transactions on Image Processing,2013,22(2) ;700
-711.

Egiazarian K, Foi A, Katkovnik V. Compressed sensing
image reconstruction via recursive spatially adaptive filte-
ring [ AJ. 2007 International Conference on Image Pro-
cessing (ICIP) [ C]. San Antonio; IEEE, 2007. 1-549-
[-552.

Dong W, Shi G,Li X,Ma Y,Huang F. Compressive sens-
ing via nonlocal low-rank regularization [ J]. IEEE Trans-
actions on Image Processing,2014,23(8) :3618 —3632.
Boyd S,Parikh N, Chu E, Peleato B, Eckstein J. Distribu-
ted optimization and statistical learning via the alternating
direction method of multipliers [ J]. Foundations and
Treads in Machine Learning,2010,3(1) ;1 —122.

Gu S,Zhang L.,Zuo W et al. Weighted nuclear norm min-
imization with application to image denoising [ A].2014
Conference on Computer Vision and Pattern Recognition
(CVPR) [C]. Columbus:IEEE,2014. 2862 - 2869.
Plumbley M D, Bevilacqua M. Sparse reconstruction for
compressive sensing using stagewise polytope faces pur-
suit [ A].2009 International Conference on Digital Signal
Processing (DSP) [ C]. Santorini; IEEE,2009. 1 - 8.
Buades A, Coll B, Morel J] M. A non-local algorithm for
image denoising [ A].2005 Conference on Computer Vi-
sion and Pattern Recognition (CVPR) [ C]. San Diego:
IEEE,2005. 60 - 65.

Dabov K, Foi A, Katkovnik V, Egiazarian K. Image de-
noising by sparse 3-d transform-domain collaborative filte-
ring [ J]. IEEE Transactions on Image Processing,2007,
16(8) ;2080 —2095.

[24]

[25]

[26]

gorithm for matrix completion [ J]. SIAM Journal on Op-
timization,2010,20(4) :1956 — 1982.

Tang S,Zheng Y T,Wang Y,Chua T S. Sparse ensemble
learning for concept detection [ J]. IEEE Transactions on
Multimedia,2012,14(1) .43 - 54.

Yang J F,Zhang Y,Yin W T. A fast alternating direction
method for TVL1-L2 signal reconstruction from partial
Fourier data [ J]. IEEE Journal of Selected Topics in Sig-
nal Processing,2010,4(2) ;288 —297.

Becker S, Bobin J, Candés E J. NESTA :a fast and accu-
rate first-order method for sparse recovery [J]. SIAM
Journal on Imaging Sciences,2011,4(1) .1 -39.

EE &I

-

ROEWL,1974 49 7 R FWIRA
Tl KD 2 L 5 R B
BT BTG ST, BT 90 2 1 B2
& RN C 308 3t S Sy Pk
WO UG AL IR AT S B P 0 0 oL

E-mail ; sonie@ 126. com

FEEE 4,191 £ 1 A BATFMEMAERE
FHTT K VDB TR F L WS AR, b R BE
REARWVETE T % e 2 A EZEWEIE 7 10 A BT
PR AL FR AR A3 2 e e R T SRS 55
E-mail ; lixueyu _ 17@ 163. com

ARTE J,1976 4F 4 H WA TILIR A 5
YT, R BE BRI P T 5, 1
. NIRRT R AL B 2 RE (5 AT
B RE 2575 T Y WFFE T AT

E-mail ; syf@ ict. ac. cn

BaEK FB,1974 47 ALAETHEA L
FATH T R AR BB 5 TR B R, 1
WEFEAEFI , BRI ST 1] B0 Il 15k 2 40
LIET) RIS ER SRt

E-mail ; yanggaobo@ hnu. edu. ¢n



