%33% 484 b= = SO Vol. 33, No. 8
2013 4 8 A ACTA OPTICA SINICA August. 2013

AESI 2R AR (0 BN B g S A B 52

TrE'? Trx' £ & AN TERY
<1 I ER LR BCE R B S B ET . T KE 130033)
© R E B ERE RS . JEET 100049

FEE TN B BT (FT) $ AR T [ 25 1k BT AR 3 TR $E47 5 2 B3R 3R L $2 8 7 —Fh 36+
AR B ST RAEBLA , UG RAE I3 38 Ab 325 903 (81 45 5008 v o X3 (1 %) B S5 15 5 0 AT Al 389 53 SR A O X B0 15 5 i
A7 B B 2 20 08 B AR 45 (NUDFT) 5 582 Ul B &35 I (8 I 49015 5 ASM I BT A M5 5 )5 R E AT NUDFT BV a] A% o b 42 Bt
A 53 105 2 A MR (H A NUDFT 5 EHRBUNA 180 2 (5 B s @ T M A S FR R A R B 7 i B e A
AR, ZHERBART SRR IF e R T NUDFT J5 i 09 450 3% M 75 . o A0t 38 0 T o 00 M 75 X 0150 00 & 199 5% T 4
AR TE AR BT 22 o oA B e B B AR T A A R B R T Bt .l B A LG IE T R O B R R AT M R R TR
A5 W LE 25 1 TF FRAL G235 50 SRR A S AEAT T X LU 5%, UE 5292 J7 36 6] W s 1) BSR4 8 O T e AR — B,
KR MR RG HEN b BR E A 5 AR Y5 RAE 5 (8 1 0 B B R s o 4 R R

FESES V557 XERFRIRED A doi: 10.3788/A0S201333.0811001

Numerical Simulation of Fourier Telescopy Based on
Non-Uniform Sampling

1,2

Yu Shuhai''* Wang Jianli* Dong Lei' Liu Xinyue' Wang Guocong
' Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun , Jilin 130033, China
? University of Chinese Academy of Sciences ., Beijing 100049, China

Abstract In order to apply Fourier telescopy (FT) to the detection of synchronous geostationary orbit and low-earth
orbit motion satellite and fulfill high-resolution imaging, a new method is proposed based on non-uniform sampling
technology to achieve low sampling frequency for the high frequency information processing. Non-uniform sampling is
made for the time domain returned signal into digital signal and the non-uniform discrete Fourier transform (NUDFT)
is used. Amplitude damping is done to all the signals except the low-frequency signal and then the low frequency
component information can be accurately extracted by the use of NUDFT. Amplitude damping and NUDFT are
repeated until all the frequency information is extracted. The target can be constructed with phase closure techniques
and traditional reconstruction method. This method reduces the sampling frequency, overcomes the spectral noise of
the NUDFT method and avoids the influence of high-frequency noise on the imaging quality. It has bright application
prospect, especially in low orbit multi-beam Fourier telescope imaging area. The feasibility of the method is verified
by numerical simulation. Comparative researches are done for reconstruction image with the traditional uniform
sampling result under different signal-to-noise ratios (SNRs). The method is consistent on the noise sensitivity with
traditional methods.
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Fig. 1 Imaging principle of Fourier telescopy
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Table 1 Reconstruction images and image Strehl ratios relative to the diffraction-limited image

by different methods

Method NUDFT NUDFT&AD
Sample number 1600 160
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Table 2 Strehl ratios of reconstructed images relative to

the diffraction-limited image with different methods and SNRs

SNR 50 100 150 200
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DET 0.6756 0.7419 0.7982 0.8116
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Table 3 Relative frequency shift of transmitted beams
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Fig. 8 Reconstructed images.
(Strehl ratio is 0. 7450); (b) uniform sampling
method (Strehl ratio is 0. 7466)
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