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Reconstruction of compressive spectral imaging system of a FISTA

algorithm-based coded aperture
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Abstract: A compression and reconstruction solution based on coded aperture was proposed. In this
system, the 3D spatial-spectral information about a scene of interest was coded by a random binary
element pattern which was achieved by Digital Micro-Mirror Device (DMD), and the processing was
snapshot. As a result the 3D information was encoded into a 2D representation. In decoding, a Fast
Iterative Shrinkage-Thresholding Algorithm (FISTA) was proposed on the basis of the Two-Step Iterative
Shrinkage-Thresholding (TwIST) algorithm. The method developed in this paper did not require more
than one gradient evaluation at each iteration, but just an additional point was smartly chosen and easy to
compute. The experiments show that the reconstruction performance is much better than TwIST and
GPSR both in spatial dimension and spectral dimension.

Key words: coded aperture; fast iterative shrinkage-thresholding algorithm; DMD;

spectral image compression; spectral image reconstruction

%5 B #3:2013-05-02;  {&1T H #1:2013-06-10

E&TE : [H 5K A AR L4 (40805013) 5 [ 5 5 7 K il F 58 & J& 71 %) (2009CB724005)

fEE B A Ph 2 (1987—) , L i1 A, 2R N OB U 7 T B 98 . Email:sunnian1234@163.com

S0 & A WA (1976-), B, W A 0, F2 N A S A D6 F 4 O % UM T T Y B 9¢ . Email:hbl@opt.ac.cn



%18 N

AF. L TFSTA A% a3l AAitBEES S AR A% 239

05 &

s B AR C Z B Z BT A& A ST,
GG T A SR AT 1 B S — > = 4 i Bl S A
A A AR B R (S A 4E) g A B BT —
4e 10615 5 B Ok ), X FE T DL B P k1S H
PR ARG R . AR R ZHOLIE R R =
JE o 4 ok AR AT R 1Y 2 T OGS A S HEE W
b P BRI, X R A AR AR AN IS T T
B,

UT AR AL v R 2= Wi 1) CASSI(Coded Aperture
Snapshot Spectral Imaging)™® £ 4t K K5 T OG5
BRGEWMHEE , 75 CASSI Zgeh, HARGE & %
s 45 A5 2 1 )5 18 1% 76 CCD |, CCD |75 3 i %k 41 sk
JE RS IR G AE B A RE , SRR S TR
H A B 3% B4 37 7 R 0 Bk B g A, R 4 RO
(compress sensing , CS) (1) 4 3¢ 52 1 BE Mz — 4E 5045
S5 I AR 1 S {S B . CASST R 45 Hh S A 52
M 2 3 3 O TR S Y, IS A > A R A R A R R
BEHE OB RAE G AL E R GE, X FEI AT CASSI &
Grik Z RAGVE o BF XTI A, SO R TR I BT I
B2 M 51 (DMD) ™ 552 31 4 15 45 #lz , DMID 114 & 375 14 2
TR L AN ) 4 B AR T 1 AR DR AIOR B I T AR 47 i
P& mER KRR T A, fEMmEAEE, AR
27 I FH Y J2 PR A% AR i 4 S 0L P (TwIST) , 30 7R 2L
i TwIST 553 ity JE Atk b, b b sl ok A i 4 1) £ 53 91
(FISTA) i 1B Z R ge v, SL g 45 R W] i Bk R
Ji 1) T AR TG 18 2 8 D' 135 28 3 2 7 25 (8] 24 1) 80 SR #1F LE
TwIST 53354

1 EFDMD FHEIAZEIEEHE RS

LSRR AR E LB RS, Wi
Bt DMD, 130t & 48 DL X8 R AR R AU, TAE
JEIRANE 1 RN,

SR F B REMAR T — k& L, &
SUR( =R RSN RUR B, o oy 2, A b U =< S = 273
MR R RO HOT, 2 IR B, 4 3% Be i o
B 1E DMD b g, a7 R 6 T, DMD #)#% i
B, S BN H bR g g A e 1 R 20 Ao
G5 A CCD #E i |, CCD 75 3 i1 B 5 B4 & —

AN=MER Ko, —4E s a4k i CCD 31 850 4K A+ (A
B4R 5 ), —4E6 1k 4k 43 51 i CCD 47 #.58 (°F
A7 3 4R TR J7 1)) 0 20 8 A5 A 4 At R A o

Fore-optic Collimating Convergent
A mirror mirror
™~ At
| [ ] —
w l n —
— ¥ A\
Spec}ral DMD
grating
Collimating
mirror
Combined
optical
Convergent ~ grating
CCD mirror

& 1 4L F DMD 1 4 % FL 4% 0 3% 16 45 2 48 b B

Fig.1 Principle chart of coded aperture spectral compression system
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Fig.2 Illustration of two-disperser coding based on DMD
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Fig.3 Aperture code: a random 280x256 binary element pattern
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Fig.4 Corresponding measurement matrix of DMD based code

aperture spectral compress system
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Fig.5 Reconstruction of the image
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Tab.1 Time-consuming among three algorithms

Algorithm Time/s
GPSR 421.609
TwIST 351.441
FISTA 295.071
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Fig.6 Curves obtained from experiment
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