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Image Reconstruction Method of Fourier Telescope Based on Iteration
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Abstract To improve the quality of the ultimate image, the conventional image reconstruction method and the
phase retrieval method are combined and an image reconstruction method of Fourier telescope based on iteration is
proposed. A direct reconstructed image is acquired by inverse Fourier transform of the measured Fourier component,
and then a threshold image of the direct reconstructed image acts as the initial input for the phase retrieval
reconstruction algorithm and a superior image is reconstructed through iteration. Simulation result shows that,
compared with direct reconstructed image, the Strehl ratio of reconstructed image from the iterative method raises
from 0.83 to 0.88 (50 signal-to-noise ratio) and from 0.89 to 0.93 (100 signal-to-noise ratio), besides the peak
value signal-to-noise raises from 17 dB to 19 dB (50 signal-to-noise ratio) and from 20 dB to 22 dB (100 signal-to-
noise ratio) .
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Fig. 1 Block diagram of imaging process of Fourier telescope
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Table 1 Correlation coefficient of modulus and phase of frequency spectrum

Parameter Value
Modulus coefficient (SNR-100) 0.99 0.99 0.99 0.99 0.99
Phase coefficient (SNR-100) 0. 20 0.24 0.19 0.19 0.17
Modulus coefficient (SNR-50) 0.98 0.98 0.97 0.98 0.98
Phase coefficient (SNR-50) 0.15 0.09 0.08 0.11 0.18
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Fig. 4 Reconstruction result of phase retrieval method

HWR B s AE R ES RO . i 7%
B R L BR 4 B A R ek B T R 1
EEMG. B 54 7 SNR 2 50 45 & SNR 2y 100
FEPIRIE MR LT B AR I8 EE B A A U
J& 0 ZAH R FE A F A B Horb (a) L (b) L (o)
()43 51y SNR 2y 50 £ if 19 %F L B 5 Ced s (D)
(g)» (h) 435124 SNR 2y 100 A5 B g % 7 B . X L
LB A R R A A R R BLG # EA
DAL T AT« TR T B A4 T B L O BH WAL s

PET 4 SNR 2 100 50 2% A% B A E% DR 14k
O (R 4 T 28 8 1) T RN 9 AR L AN 2 R
Y ER i R B AR . SR S EHR S H AR I8 E
&1 SR Sk P AR i SNR 2Ry 50 £ i) H 4%
HIYE R SR Jy 0. 82, AN K& SR 2 0. 88;
SNR 2} 100 f5 B L FE M EIE SR 2 0. 89, kL E
{8 SR 2 0. 93, BRSO 5 1Y SR # H I
HH . A R EEEGE A T A E Y
SRS Bl [R5 R L (PSNRO S 31 T 42 5 -

(d)

B 5 RAGLEM LR

Fig. 5 Reconstruction result of iterative method

0511005-5



SNR 2 50 % B PSNR M 17 dB # & 3 19 dB; SNR
4 100 f5Hf PSNR M 20 dB #2753 22 dB,

T WL I P 50 55 Xk E R 0L 9 B2 L X SNR
4 10 A% E] SNR g 100 7% ) AS [ 5 1 Lo Bl b AT 1
ARG B BLA R A 2 an e 6 fron . b
BT B 2 20 391 by A 1 R A AH O R B 2k ik AR
HAL PR 9 SR 2k B E AL R 19 SR 2 A0
TR AR LA AR OC R B 4R . O 1 IR0/ IR S R BE AL
YRR SR 43R SNR 1§ SLERHEAT T 5 OB 05 B
BB P (R A e A 25 1 . A5 SR, ¥ SNR K
T 30 fEmE A AUE A BB SR 15252 . 2 SNR
ANT 30 AF I IEACE A 7 35 I TC AL B = AT e
EACRETROPIRVE SUT TN

1.0 g ———— *
N
pa
//
0.8¥
0.6 + modulus coefficient
% o phase coefficient
o direct strehl
0.4 improved strehl
021}/

% 20 30 40 50 60 70 80 90 100
SNR
Bl 6 A[EE 1T EAY KR SR A8 fh il 26
Fig. 6 SR curves of reconstructed image under
different SNRs

4.2 SHm5Tie

W ()RR AL A7 381 MR P 2 ) T AR AR AR S b
AT AR g (R R 4 UL BT SR A 1 A
A7 AR FE A 1 7 3 RO AN AN 45 5 3 A 4 RN Y
HEEW L. W HE R, kI 7E EAR A A
MW EEE T KT, W H RSN, B 74
T — AN S8R A A B R )T H R () L (b)) SR
Wi 5 JBE 2= AR KA T8 AL H AR BHE, (o) & H (a) 1)
AT BB AT (b)) B S50 1) AH A8 2 R I A0 L SR S
WA R EG . BROBEEERT MWL
ARG B DAAE A VR FH B 2 e Pk 1 X st i R T
R At R A B AR G e ™ I O B EE A K SR e
FRAT P A AR ) [RIAR o 00 1) A5 R AR R AR /DN (HLE:
M HPREC R LB A= i) A A EE R 7 TR I A5 R
W00 4R S AR . 24 B FRASE 00 46 15 B EL 3R
Bl = WL AR AL EE A Ok M LA SR A5 L B A vk
B EZ .

b BTk AR Sy — o ) T — 2 g AR B i

B 7 (0 BIRER A (b BARER B; (o) A MK
LT B AT (04 48 7 19 2 4 R
Fig. 7 (a) Object image A; (b) object image B;

(©) reconstructed image with A's modulus and B's phase
VIR ASE 114) ] S0P 0y » 08 1) A 7 A8 3k 7
B BT G TP ACR AN B R A5 G A A AR AL
AL B AT Yy IR — R LR A R
T . %R A A A T A B B R AR R
e 1) A L i B G 45 R 4 [ IS R L A A 3 4 AH 7
AL, T LA P AR AL P 5 40 i AR s e XA
REARAS A X LA 47 i B bR B 5 %o JH: IR0 {1 el g 4R
5 1 H bR e B B Al T BR GF i Al R AE D
N AE AR A, T AR 57K v R ) R 1) A W A 1 1 1
R AR E E L 2) 8 B e B G B A O A 2 1 00 i
1) 327 W8 75 11 52 W) L 8 /D A ) R 72 /) A A5 T A
MIROR B . 856 X PR s A 5 5 3R 15
JoT e AL A R T AT RE L 7 SR IR 45 R A IR
ST R MR AN R R RO R
Z/D LR, 2 2 LT 8 5L AR i 75 2 2 K
S ) I [ X gt IR A A S Ak B v 6 10 S A fep
Ik AR SO R — AR R . 53 A5
LR SR W& K EAE ) 0 3] 255 M9 EZ, kAR BT AR
25 5 % R B8 R AB AT 25 SRR A2, 52 Br R B
TS ) ) AT X ) A TR AR KR X ] 2 AR A
), TR RIKERR &85 B0 R 3 EWRL
s T LA AR AT -4 5 1 K RE BR E 45 A) S — A HL A
B ) L, 3 B ES T BEAE IS 2 TAE Tk — Y.

5 4k ©

BF 58 T — it 1L 2 A4 2 AR T g
Yo MBI 4 BT RS AR D 2092 5 0 A4y T IE A T2
SRS AT FE MR 7 T 4R 2 36 {4 L O A5 33 9 AR oz
Ft A5 T A 0 6 0 2 T T Lt A o R A
TR FEY B T A P £ 126 4 T 005 1 ) L B B T
BOG A A% . 1A% 7 25 50 45 SR 2 W (LA i T
W A0 A5 R T L AR I AR B 5 306 2 U
R 488 T A 150 1 B O PR A 0 i A 3
1T A i L 5% 5 75 - SRR UG (435 Wk e 75 5 42
B AR T A 7 T T LA A R 0 A

0511005-6



H kA e B I R 5 R A ik

JR AL T B LU R i AR P R

5 F X

1 R Holmes, S Ma, A Bhowmik, et al.. Analysis and simulation of
a synthetic-aperture technique for imaging through a turbulent
medium [J]. J Opt Soc Am A, 1996, 13(2);: 351 —364.

2 Zhang Wenxi, Xiangli Bin, Kong Xinxin e al.. Resolution of
coherent field imaging technique [J]. Acta Physica Sinica, 2013,
62(16): 164203.
gkSCE S AR, FLBORT. S AT IR EOR S BRI SE LT
PrPE AR . 2013, 62(16) ; 164203,

3 Kong Xinxin, Huangmin, Zhang Wenxi. Effect analysis of laser
{requency-shift error on imaging quality in Fourier telescope [J].
Acta Optica Sinica, 2012, 32(12): 1211001.

FUBOR, B R, SROCE. A E R BT T O6 R R 25 X LR
B AT [T, a4, 2012, 32(12): 1211001.

4S D Ford, D G Voelz, L Victor, e al.. Geo light imaging
national testbed ( GLINT): past, present, and future [ C]J.
SPIE. 1999, 3815: 2—10.

5 James Stapp, Brett Spivey, Laurence Chen, et al.. Simulation of
a Fourier telescopy imaging system for objects in low earth orbit
[C]. SPIE, 2006, 6307(1): 1—11.

6 Dong Lei, Liu Xinyue, Wang Jianli. Realization of Fourier
telescope technology in laboratory [ J]. Optics and Precision
Engineering, 2008, 16(6): 999—1002.

WF XVRBL, EHEL. SR E PR A B BT R RO 1 5
BULI]. Jeseks# TR, 2008, 16(6): 999—1002.

7 Dong Hongzhou, Wu jian, Liu Yi, et al.. Imaging verification
system of Fourier telescopy in laboratory [J]. Opto-Electronic
Engineering, 2011, 38(11). 40—49.

WA, B M. 2L A MHELM B AR MR E RIER S
[J]. JeH T/, 2011, 38(11): 40—49.

8 Chen Wei, Li Quan, Wang Yangui. Experimental research of
Fourier telescopy imaging system [J]. Acta Optica Sinica, 2011,
31(3): 0311001.

B B, R A, BEHE B R U R G 505 T
[J]. Je2eadi, 2011, 31(3): 0311001.

9 Dong Lei, Liu Xinyue, Lin Xudong, e al.. Improvement of
performance and analysis of results of field experiments of Fourier
telescope [J]. Acta Optica Sinica, 2012, 32(2); 0201004.
WOFE XUREE . ARWAR . SF. B B 5 A1 3 5 06 M R
FERLI] Jee4ik, 2012, 32(2): 0201004,

10 Chen Wei, Li Quan, Wang Yangui. Object reconstruction of
Fourier-telescopy based on all-phase spectrum analysis [J]. Acta
Optica Sinica, 2010, 30(12): 3441—3446.

B T, 2 &, EREH. T MRS P B B AR B
FREMII]. JasF2#4 . 2010, 30(12) . 3441—3446.

11 Liu Xinyue, Dong Lei, Wang Jianli. Fourier telescopy imaging
via sparse sampling [J]. Optics and Precision Engineering, 2010,
18(3): 521—527.

XKL, 3 F. EEL. WBUCRA M B R )], ot
K% TAL. 2010, 18(3): 521—527.

12 Yu Shuhai, Wang Jianli, Dong Lei, et al.. Fourier telescopy
based on spatial non uniform Fourier transform [J]. High Power
Laser and Particle Beams, 2013, 25(7) . 1661 —1665.

TWE, FH, A, . T R S Al B R 4 )
B s (1] oL SR A, 2013, 25(7): 1661 —1665.
13 J R Fienup. Reconstruction of an object from the modulus of its

Fourier transform [J]. Opt Lett, 1978, 3(1): 27— 29.

14 J R Fienup, A M Kowalczyk. Phase retrieval for a complex-
valued object by using a low-resolution image [J]. ] Opt Soc Am
A, 1990, 7(3):450—458.

15 Manuel Guizar-Sicairos, James R Fienup. Phase retrieval with
transverse translation diversity: a nonlinear optimization approach
[J]. Opt Express, 2008, 16(10); 7264—7278.

EERE: # 4

0511005-7



