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Enhanced Block Compressed Sensing of Images Based on Total Variation Using Texture Information
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Abstract Block compressed sensing of images solves the problems of high computational complexity and large storage
space required by blocking an image and downsizing measurement matrix. But such a practice will result in blocking arti-
facts, which needs to be filtered. Existing algorithms do not consider how to recover textural features of images, which
will result in quality degradation of image reconstruction. In order to solve this problem, this paper proposed an algo-
rithm which uses an adaptive sampling model based on gray entropy at first,and then analyzed the reason why blocking
artifacts generate and are reduced by adaptive sampling, At last,in the proposed algorithm TV filter is joined with SPL
process,and a DDWT/TV filter model based on texture information is built to replace the former filtering process in re-
construction. The model can preserve more details of images after decreasing block artifacts by using adaptive sampling.
Experimental results show that the proposed algorithm can remarkably improve the subjective and objective quality of
the reconstructed image and can effectively hold more texture information of images compared to some existing methods,
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X E G R T A E MR, R E RS K,
MBS K, R T MR ORE. 8RE
RN BT A RZ G S ES B, W B ERER
BAPAEXSRL , B87H PR AR (B RS A
O, R B BB BT R . SCERL6 IR Y Landweber J7¥k
EH B % (Block Compressed Sensing with Smooth Pro-
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SCERL 790 BB R R T MR EREER BRI H
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Mi{E R MMSE it ST EM SRR R AT E . SCER[8]
X R BRI AT R AT T ARk, I SRR RIE B T IRk
PREP , 425 T DVCS® %1 (The Distributed Compressive Vid-
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BEGES WL FAEE ZRMEREMRE,
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R R R ER M O vk P AR L U IR I R R . SRR O
AR RO BRSP4 R SRR Y R st 920 T SR A
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S RIEZE RN (Block-Based CS) ¥ JF i B x (Kb
A MX NGB BRKR/NR BXB #/hge  84N/NUOK B EHES]
B—FER 2, R 5 ORI 28 Xt /N AT B, s =
Ox;, EAXH, OB RHAMBENER ST ERE, XA
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3.1 AERRER

TR BERERAE T IR B 50R B8 A B ORR B, W7 LA DR IR
BEEFERWSHE, RERKES j EEMEERPHA
HIR B k; » WL BRAGHEER AT LURE SCN

P=ri- @
2.k;

T LASR o PR R BE A «

h=__2§017j log: p; 3

X FARERTE T N/NRETKEEE N A, Hep i AR
ERIGS b BRI RARK EGREEHTRE .

BREGSHRZ G, ZHUNAOEEHRHR. EEEK
SRR IRAER S, AR ERRERLAWEELZ W E
HEH ERBRERMREERNR, RZ, M ERARER
HAYEEE— FRERD MR ER/R, KBS
BREFELZNEREL, B LUSFITSCRANBRERY
I8 UK RN , BEFE R B A RBER T R B EAEN R R
HHRE., RERNARIRAXWT:

aver—_—iéh,- /b (4

. h; —aver )/
aver/[min(h;)+0.1] + (2—SR)/4
aver (5)

K, aver BREFETHE, 6 RASRMEEE, SR K%
kR, RO)A NS BLPR BV K B A
BEAR 55 - 2 K B 22 4E T I0AL, I RS B B/ IR
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BEBE.
3.2 EHRMERBMRL

LN T HENRERENRIEZE, FEERIKER
R BHEROIE TERBRREER, TRENTREHIRE
EHBCRA DRI M, EHRBFMRNENRE R
R BAENEMNSCRER T VE, R NER T ERH. ENE
B R —FP LR IR IR IR  TER AR IF A& B R A B 9
H& LR = A EBRNGZELSHELT , ESHBER
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5B, BRI AN Y B — N, BN E R A TR EE
o ] K A0, S E R O 1A 807 38 R LU E LR T /D
L7543 (Total Variation) Hif& 4t B 2R M2 18 S8 I B K
BN R, 2RO BN SR R S —
AR RS/ MUK B R, BRI

B F(a ) RIBIBIES n(x, y) REFE, M FREEB Y
FEWR .

7= S8R « (aver+




folxsy)=f(x,y) +nlzx,y) (6)
A R B R .

minTV(f) = jn JTOFT? dzdy— jn VETF dzdy (D
HAE .
| rdzdy=]_fodzdy ®

l—.(17.|Jn CF— fo)? dady=c? )

i BT , 2784 i B AR R AR B B B /IME , HEUER
Rt R 20 R R/ME. ML TFEFRE KRR, KR
FS 20 R B/ —5, HibREsRG B/ MLRI R 3L,
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(DFFTEMFAL, BT -

minTV(P)= [ |V flPdzdy+a [ Ju—uldzdy (10)

G NE TR IENAT, X BHR TV IBEME S TE,
TR T ERAZERIE R, 7T LA R E R o f b Rk
EREEHIENE, ZRAFRAOIEYEENS+, B8
P RERERFLBERERY, pe[1,2], p /DT,
% p=1 0 REWEHEE, p=2 W EEMRHEK. A
HOIRRE, E MR E TR E BGR A FASRAE, B 1k g
BRE. A B—NMBUE, A SO REMERE M DDWT &
WA RO R ET, IMAEE T X&REL,XBEARO,
SR MERH-HAEH H 78276 A=0 PR T H:
—v (| fIP v fH=0 an
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KBRS b WFEREI7ELO, 8] 2], ISR KM SR BUETE
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B, p (EHBK, B E R R R R R R IR ELT,
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) 100% ., PSO B3 BFO Fuk , H Ao 3R B 3 B (5 i 1
hngx BB B30, T GA BIETE 3.4.5 BHE /- HInt KR Th
R 0, AXT L AT LUE i, COPSO B ¥ A & B iFffa & i
YR .

B AT L, COPSO Bk 74 R # T BFO Bk /B I
AESTSREGIEE 3R 4h T PSO Bk R REEH AR HI BRI,
RRER T PSOHHBHIIERR. X FRERKNZRELE),
T RAE 2 RS T SR b i B 7 W 503 B O 18 , COPSO
HEEB BT BFO BIEM PSO XM E—H L, X
LA ES & G €ip =2 E {08

BRIE  SIXARMERL T R TR 2 0 B 4 R E
ERARENFENRTERENS . S ERENSEEE
SR, B THAERRNALERETREABRRRTRERE
HRBALETHRAS PSO BEKITE, KKIER T PSOR
EHRRERES FHARRREREENRN, A E
REFHEE . ET COPSO BN BRER R B L HS
REH,COPSO Hik AR L REN F BB TEER RE
PEEF , REE IUS BT I LALRIR .

2 % X W

[1] Zhang Xin-ming, Xue Zhan-ao, Zheng Yan-bin, Fast and precise
two-dimensional Renyi entropy image thresholding[ ] 7. Pattern
Recognition and Artificial Intelligence, 2012,25(3):411-418(in
Chinese)

TRBTEA B o A AREER. 4 5 B HE ST B9 Renyi K 0 R
BES BT AR 5 A TR, 2012,25(3):411-418

[2] Sathya P D,Kayalvizhi R. Modified bacterial foraging algorithm
based multilevel thresholding for image segmentation[J]. Engi-
neering Applications of Artificial Intelligence,2011,24(4):595-615

[3] Eberhart R C,Kennedy J. A new optimizer using particle swarm
theory[ C] // Proceedings of the sixth International Symposium
on Micro Machine and Human Science, 1995,1.:39-43

{4] Liu Shen-xiao, Wang Xue-chun, Chang Chao-wen. Otsu image
segmentation method based on improved PSO algorithm [J].
Computer Science,2013,40(8) :293-295(in Chinese)

X BE, T2EF, B R E TSGR TRRAE R Owsu BR
SrE107 kL] HHEMLBLE, 2013, 40(8) : 293-295

{5] Barbieri R, Barbieri N, de Lima K F. Some applications of the
PSO for optimization of acoustic filters{J]. Applied Acoustics,
2015,89.:62-70

[6] LiuY,Niu B,Luo Y. Hybrid learning particle swarm optimizer
with genetic disturbance[]J]. Neurocomputing, 2015, 151; 1237-
1247

[77 Yu Fei, Li Yuan-xiang, Wei Bo, et al. Particle swarm optimiza-
tion based on deindividuation theory[J]. Control and Decision,
2013,28(10):1520-1524(in Chinese)

WK ELE .S —RHETE MRS TRAR
(1. &%l 50, 2013,28¢10) : 1520-1524

[8] He G,Huang N ]. A new particle swarm optimization algorithm
with an application[J]. Applied Mathematics and Computation,
2014,232.521-528

[9] Zhang Hui-yun, Huang Xiao-wei, Zhang Hong-hua, et al. Study
on hybrid particle swarm optimization algorithms[]]. Applica-
tion Research of Computers, 2011, 28 (5): 1631-1633 (in Chi-
nese)

TR BN, ka5 RARR FREAERRDD
BAHLR FARFSE, 2011, 28(5) : 1631-1633

[10] Passino K M. Biomimicry of bacterial foraging for distributed
optimization and control[J]. Control Systems IEEE, 2002, 22
(3):52-67

[11] Zhang Xin-ming, Zhang Ai-li, Zheng Yan-bin, et al. Improved
two-dimensional maximum entropy image thresholding and its
fast recursive realization[J]. Computer Science, 2011, 38(8);
278-283(in Chinese)

SHTEH, TR, AR RE R, 4. B B B K R(E S B B
SEELT]. HEHUBLSE, 2011, 38(8):278-283

(E#F 310 7O

[5] Tropp J, Gilbert A. Signal Recovery from Random Measure-
ments via Orthogonal Matching Pursuit [J]. IEEE Trans. on In-
formation Theory, 2007,53(12) :4655-4666

(6] Mun S.Fowler E. Block compressed sensing of images using di-
rectional transforms [C] // Proc. IEEE Intern. Conf. on Image
Processing, USA,2009.3021-3024

[7] Wang Rong-fang, Jiao Li-cheng, Liu Fang, et al. Block-based
adaptive compressed sensing of image using texture information
[J7. Acta Electronica Sinica, 2013, 41(38):1506-1514 (in Chi-
nese)
TR BT X, % RIS B A ER S B BB L RS
B [J]. BF2£40,2013,41(38) : 1506-1514

[8] Khanh Q D,Shim H B J. Deblocking filter for artifact reduction
in distributed compressive video sensing [ C]// Visual Communi-
cations and Image Processing (VCIP). 2012:1-5

[9] Mun S, Fowler J E. Residual reconstruction for block-based
compressed sensing of video [CJ // Proc. of Data Compression
Conf. . USA,2011.183-192

[10] Candes E,Romberg J, Tao T. Stable signal recovery from incom-
plete and inaccurate measurements [C] // Comm. on Pureand

Applied Mathematics. 2006:1207-1223

[11] Li Ran,Gang Zong-liang, Zhu Xiu-chang . A Global Reconstruc-
tion Model of Images Using Block Compressed Sensing [ J]. Sin-
gal Processing,2012,28(10) : 1416-1422(in Chinese)
ZR,FTRRREE. ETHREFBRANERLBEWER
(] 58 4b¥8,2012,28(10) : 1416-1422

[12] Wang Shang-li. Research on image recovery method based on
compressed sensing [D]. Xi’an: Xidian University,2012(in Chi-
nese)

Eil. EEBRHOBREREEHR(D] AR - WLEFRHE
K2,2012

[13] Gan L. Block compressed sensing of natural images [C]// Inter-
national Conference on Digital Signal Processing. Cardiff, 2007 ;
403-406

[14] Rudin L I, Oseher S, Fatemi E. Nonlinear total variation based
noise removeal algorithms [J]. Physica D,1992,60.259-268

[15] Z Hai-bo, Zhu Xiu-chang. Sampling adaptive block compressed
sensing reconstruction algorithm for images based on edge de-
tection [J7. Journal of China Universities of Posts and Telecom-
munications, 2013,20(3) ;97-103

[16] HEERR. ¥ 1S012233 Chart (43 B3R MIRAFARD 6 FI 7 =
[EB/OL]. http://www. chinabaike. com/t/35899/2013/0802/
1357958. html

+ 315



