BTHELH
201242 A

BB AR & ¥ M

CAAI Transactions on Intelligent Systems

Vol.7 No. 1
Feb. 2012

DOI:10. 3969/j. issn. 1673-4785.201110010
P 4% Y Rt A - http ://www. cnki. net/kems/ detail/23. 1538. TP. 20120216. 2036. 002. html

JE &8 B AN 32 18 R HFE AR B AR I R A

RAIE, 3 4
(BRRIRRE F65EMETRERE, LA B RK 150001)

1§ E.7E155H) Shannon/Nyquist SRAEEIRIE T T , {55 A0 FRAE T G 0 K HERE : A/D 3388 £ AR B9 BR il Fnig 2ok
REBAER A ). YRR (CS) BRI M5 5 EAME i il R4 ERT , TREN £ RIF A EMA R E N T
R, AT Shannon/Nyquist RAEEFRER FMERBES HEES. Db CS I Zal i K48 i (CD H AR
IERABR THRE M R R, TR CS IR AR B, FEENE T ClHANEE R R R, IFAFB 45 0
EEMHEMERRD 3 MFENERER ST T4 (L RET U BETABOLRFHIE , #5a T SRR
AR TR ESE” 720 R RIRR 5.

KB R R G s R % s ISR s R b

thE 4325 :TP391.41;TN911.73 3CEERIREE:A LEHS :1673-4785(2012)01-0021-12

Compressive sensing theory and its application in imaging technology

ZHAQO Chunhui, LIU Wei
(College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract; Under the guidance of the traditional Shannon/Nyquist sampling theorem, signal processing often faces
two problems; technology limitation of the A/D converter and processing pressure caused by a mass of sampled da-
ta. Compressive sensing ( CS) theory suggests that when the signal is sparse or compressible, by means of global
non-adaptive linear projection, all the signal information can be obtained with the samples much less than the sam-
pling theorem required. CS theory based compressive imaging ( CI) technology has been developed significantly in
recent years. This paper first reviewed the principles of CS, and on this basis, discussed the theory and develop-
ment of CI technology. The key issues of CI were also analyzed from three aspects of sparse decomposition, con-
struction of measurement matrix, and the reconstruction algorithm. The CI system can significantly cut down on the
number of photosensitive devices to avoid resource waste caused by a traditional “sample-then-compress” frame-
work.
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4.1 WES R

RIVE S BRI T LIS EIE S RS
HRBIE, X2 CS BN Y ZEAE B4R CI 3%
RAFFREGFES , Kb RARE HG R AR
R 95 2 A3 A i ) PR SR, T R R B R AR 2
FAXFRABEIRE T R4 7S T IREWNE,

HAEHE-AERGREAIARREERINE. BF
WE T AEMERZRER, 4 RBIRIEE BB
BB H 3R P AT ORI , 2E T AR IE B RS B (TV &%
IMEBBERSE) .

BESETHRBSBH T EERE, K&
B R R AR AT R R AR
k. DL DCT A8 4 B A i 8 A5 B R 48 #n 1 JPEG
FILA/INEE AR e A BE Tl B4 35— A 2 T 50 R 4 A v
JPEG-2000 52 H b dm g B ™7 . ZESCER (38 ]
H,G. Peyré MR B A R AR BB T HE—H WP
B FHEMNIESREY T3 T 2 E M A IE
REFH. RIS, BRI —EWBERHERE
S @M R B E 217, 6l in FOCUSS &
$!®] K-SVD & 3 NMF & & F1 MoTIF &
%[42] %

B A 58 & B IEAC R T LA — K5 5 /m BT B
FIIER, BrLA B Bi7E CS HS i BT il % 8 52
FRIERE. Rx TER S EFAAR RN
BFEmE ,UHEEREREA B LK AR 28
HFRIE R, B RIE SEIERE T M B
AERHGR. RTHEERTIKRFRNESHEERRE
AR X—AFR BT ) At s, HEARBEE
BMZAFRBEENTREE ARG E S
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B, FRAEBRR RIS HBRIEESWEW,
FoHg BURT DABCR AR AT PR A, 7 3 Hh i ST R BEFR O IR
F. ANF iR B RR R AL H A S THRT
REBEAR—MET  HRIEFSHREE LSS EIEL
B X R K B SRR R R,
FEXE R R B R AR e RS RN, 25
X 20 M 2of Je 32 IX 40 B R i it B 15 B R 3R 3617
TR MR, B RS R IR S B T Him
AZ RIS . XA A g w2 R
BRGREN—FABOR. R ESHRAE
AT EIGT 1993 4, S. Mallat S57E3CHR[ 46 ] P E K
R T N ABE RS TIRFHIHE S ETRE 2 FH
B, T AT ITELIE B (marching pursuit, MP) &
%, XHRR T EERTTRF RN FESEIHLE
HIERIE TS F IR HBN S FE SRS T E
BRRE LA MP B B D 7 #%. ZJ5 D.
Donoho %5 X F 1999 4£ £ 1 T 2 1E 2% (basis pursuit,
BP)JEL, IF7E 2001 EREM B —MEEXHE
HaH TET BP BENRHRR S BEAE—RIL
R, BB H T 2R EA A T
BAR, R SRR TR T BT LASE A ROt R BUE
SHEMEIE I, A R8> CT R0l {E %k
2, FEERENBCEER. HEE T HETHE®E
BNRFROEESHAERSHEIBE AN BB, BT
BFHRPWETHE - RBR TEBRX, BRI
KW E+LEE, RS S H RN AT CLH R
—E B I XE.

IR FER R T BRE T LB B ER
SRR —Fp AR, (AR BRI E B, CS Hip
REB—HES, B 8A P A3 — 4 R D)
HESHAERER. T RAMAPLE 7 kO
RFSHTEM A" LB X T BBk,
“REYE” T LU BB IR RS P HER — 4 2. R T
R AR, BARESHERESEA NS
T, R B E B2 R TEE. AR —
BTHABPEIEEHER B BTN
IR METE A & H RSO LR R 4. B HiE
WRE TR SRR AER, fEEPER
PEBCH— YRR, G5 B E LA B . SOk
(49 [ 421 T #41% % 300 B Ok fig e B R B 22 [r) 1Y
AR, F SR A0 P T AR B SR U A2, 93 Y O AR R
R4 EHEGMHEIRE DN REKRB R FE
4r7 EMRE A D 2R AR B RBUERE, KR
K 6 fras. SCHE M 2D-DCT SR3804E MR R
% DCT ZE P ESWEMERIADBRMERE
4> CI AR T LA7E (5 AR 7 25 BB 0k 1 [R) B AR
EBREME R, B IMEEE A, B T BB

£1%

BEEMPR.

X

5]913 15%}%3

26004 26014

ANk () 37||_|g

41]26 e

]

2

B

14

13

]

|7

5 = X

g

]

ik

13

14

13

ILd

X, T.

E6 2D-DCT &3EkRE
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4.2 WIEFEHIHIE

7E CS Hiph WG — M R RIP R4 E
FRAER 0 ZIRMELIN. b TR BERE v
REER, BH1E 0=0W iR RIP &4, Bt L
BB AE R @ KR Mg — WA @
5150 = oW i 2 RIP 244, HEN N K& v K S
MEFTRENEMHTRHESTIER(7) , XM Y
SLIRI. ST, 5 ] ALK @ HAEREHLAE MR, N
RBAS LIAR R HE 2R R kil 2 RIP AR ANEAE R MY
R, — S ILE T R ZOR B AR FE AN T

1) SRR [ - F 3 M x N WL AE [ & i &
— AN TCRER S R IE N 0.7 08 1/M =
Hroran N(O,1/M). mf I AE A 2 0B i
o) WHONAERE @ JLTF5 A R ER SEA
MR 5ZE0, S RNEE & 5 =11~
X, M=C xS x log( N/S) i} (Hp € H—MBR/D
RIHEED)  ERRAER 0 = ol = & UIREHER
R RIP &4 b) MR ARFNIER @ i, TTis
IESZAERE W anfa) 8, MR @ = oW #RF 2
37.[F] 43 75 (independent and identically distributed,
IID) F) i AR , BRI e AR iR RO MBE 252355 /2 RIP.

2) —BRERTE LI HE B 46 MR R 31 ZERRS™
RS R oA BLREYL— B, O B IR B
M =0(KIn(N) ) i, W] DATEAR R BOHE 2R T M 22 22
55,
3) “AEREHIIAERE" : M x N ISR & B9
B— A JC R 0 5 IR A X R AE 55 R AR
(P(®D;;= £V/M) =1/2). BT EHY M=C xS x
In(N/M) B}, EF B 5 S RS R, I HEE W
R

4) B8 B MAERE" A N x N e 8
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AR B AR PR BE DL B M AT @, FE3 @ 1Y
B—FHTH—4k. T EEMERE— R
FOE T AR AR £ B i A e AT R s T, KK
FEAR T REERAME 22tk , R FHEH R 584
B BRI S AR, B LR A 5 32 3 T BRI

5) JH#B Hadamard WLMAERE"": N N 445 o
REDLIERE M 17158 @ IR B RARTHKN,
I4Y M=S /N/BIn(N)* i}, BELH Hadamard 45
Hev] LALMR R R AE B E S

6) Toeplitz NLIKE FEFIEFRAER . 24 M=C x
M xIn(N/M) B, 33 2 70 2 P2 (o SO0 46 P LA AR ACABR
R 2 RIP 44, 3F BT DL 482 P bR ook e L A
BAR B B B, BB B 5 R 0K =5 4k ] R Y
THE A R A4 B, DRI %o o 4 [7) s 176 3.

TPERBRIITE, Y. Teaig SEX4—BORE W%
M (B A ALY 46 %  JR 3% Hadamard YL %6 F42 LA
R o3 L LI 46 [ i P REEAT T LA, LB R
B R X LR A A L 4B e A, CS R B
IREER BN, I BLREE VLI AR B B3 iR 2
Brst— B/ B X T IE © B E i AT
A VIR AR AR B A . SCHR[ 54 ]t SE3 3
THEAMNEENERRILSRE, EFSHEEM
CS WL MR B &4 F , JH ¥ Hadamard LI 4E
R P P RO T Lt I 6 e, LA B P e U
BB, HK 2 Toeplitz WL 4R [ , i Bl AL =5 00 WL 46
M AEREDLILNAE AR S MR B E T EER
— 3, EERUR G 22 IR 718 B U

FF CIHEANR G, BB WIS 2 R ad
0F1 W (AR, M EEAF 0 51 59 haldis W
TR R , X R AR TE R T CS B9 oA o A 43
B —HERG, ZEERERAREED, B
B 5 75— R, AR WLINME S — A B
B BB TaRADERAE. A0 R SR A 40 S T LI 4
¥ | — SR TE WL 46 P B 401 B o L0 4 S 1
W F B s, B A RS RSRBERNER
ZRIFFEZWE R TR, B an 5 & i
JE RIP 3 H 0.1 Ml &5 i —(E WL I 4E K 2 CT $5¢
REEREFHHTI R Z —.
4.3 EHEHZ

BITREA R EER LR LI CS 4 [h
B2 —, WA CS R P EMIN T mZ—. h
FAMRMEFEZEBRBESHTFIARE M,
EHMEREERENTFROEMEZH. BRIEAX
BHSCRMAARERAE BT TSR ARNT
ERBIFFH G S EERE, X LB L7 RS
BE B TR RS TG B AR S A, EIE Rk,

FEHWNIEHRAN EEEWELT U NLT 3
1755567,

1) PRk, 13X 205 Wk R AR O D04k () R
AR Ak R R, RBME S MBI, KRR E
FE 238 BB 1 (basis pursuit, BP) ™ Py & (interi-
or-point method ) ¥’ 8 ¥ #% 8 1= ( gradient projec-
tion) *¥ | 3% A B {H ¥ (iterative thresholding algo-
rithm ) %1 132 88 B {f = (ierative hard thresholding
algorithm , THT) [*".

2) RAERE Y. XA GBS BRERNEE—
MEHRNERELBERGES RXBELCHE
U FiCiE BR ¥ (maching pursuit, MP)"*' | T 32 It 2
BB ¥ (orthogonal matching pursuit, OMP) ') 43
BXIEAZ VLB B B ¥ (stagewise orthogonal matching
pursuit, SIOMP) ‘' | 1E N4k IF 32 DU A6 B B 2k (reg-
ularized orthogonal matching pursuit, ROMP) ') f1 &
4 B DT BB BR B 35 ( compressive sampling matching
pursuit, CoSaMP) (5],

NHARE. XEHEERNFESHITHES
AL R AR B M R R B . BB
R MR AE 45038 B 1 HHS (heavy hitiers
on steroids ) B E 1% &

iR 3 REEERHEA WG, KPR
Sk 7EE SR B E S B E RS, BT
RERE RS AARENETRERERER,BEH
TENNERER L ; AR ENREETHE.
o W B Py 75 SR RN ER A B T TR BUAS T TR B
5'&[ E}ﬁﬁ CSHMAFHAREZHEERMN2 XHE
w197

B FEGR R, HEETLUIRA TV &/
A7) X5 2 B HEAT AL , SR Bk B
RABENBPALRMERE 2 fER, 3BT
RIGHREWE R HEL S THEE SR, KEREFE
AR, AR R R BRI T REHRES TRE
BHEL 4 | 1| n R Z4gERER I T HER
HE—MRERER 1(1,,t,) 0,5, <N -1,1

] = 2 «/l D I(t,,t,) 17 +1 DI(, ) 1%

¥

AH:D HRRES,
DI(t,,t,) = I(2,8,) = I(t, = 1,t,),
D,I(t,,t,) = I(2,,8,) = I(¢,8, —1).
HERAER(10) BT EEIFRER L
I' =min | 1| %2 &f =y (10)

5 HZXiE

CSHBEMNHRESBENBFENELRB/AT
KRKERE, BB R HAZF ;T C1/Ey CS Blig
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oL TS b B — N B RORTFE I AR R 18 2 TR R
WK RE. AN — R R iSO, EE EREH
IRIER 2R 2 B TR N B STt JR 4, ¥ 25747
RBELEXERL SR 2, 3 T I0k R A BRRGE 1.

CS R—FF AT BRI w2 A,
MRS ARBUBE S BB R CT R LA 2 14 J2K
AR, B T 1R G R T A R O B IR
B RBARTE RSB A DU LR 7 4 75 T4
HERKEREES  EEZERE . ZRFEN JE TR
e FIHERA T RN A AR . BEE BB R
BRGTHITRA, NN IH Xk B 1R B FER 4R 07 A A B I
R R TEBCE IR Z AR, HRTEAR A KR
SR SEHAT A R R IR BE SR 72 M B E 2Rt B
PR
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