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Fig.1 Schematic of the optical layout of the proposed method. On the right side there are the diagrams
of the two aperture setups of the iris. L1 and L2 are lenses; f1 and f2 are focal lengths. Other variables

in the figure are defined in section 2.2.
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Fig.3 Results of the retrieval of the Fourier field. (a) Simulated star; (b) Theoretical image; (c)

Retrieved image; (d) The difference between the normalized simulated and the retrieved images
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Fig.5 Recovered results of a single star under different strengths of noise. (a)—(d) Simulated noisy
images: the standard deviations of Gaussian noise are 10%, 5%, 5%, and 0 of the maximum intensity of
the recorded distribution, respectively, and the Poisson noise is added in panel (c¢); (e)—(h) Corresponding

recovered images
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Fig.6 Flow chart of the imaging process of separated stars. (a) Simulated astronomical targets; (b)
Images of each star selected by the field stop; (c¢) Recovered image of each star; (d) Synthesized image of

the simulated targets
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Fig. 7 Imaging results of separated stars. (a) Original targets; (b) Image affected by atmospheric

turbulence; (c) Image recovered by the proposed method

38-8



58 1 FEMREESE: PO AL H B T AR 1K) 75 4 4

1 (@) 1 (b)
—--Disturbed —Recovered
—Recovered —=-Original
0.8 0.8
2 Star 1 2> Star 1
§ §
£ 0.6 s £ 0.6
© I [ ©
4 I 4
N I i N
= 04 3 |‘ < 0.4
E L E
o n 1 1 o
- 1 1 ] b4
0.2 it 0.2
RIS
] 1 W i \
AT AURYA
0 B 0 L
0 50 100 150 200 250 0 50 100 150 200 250
pixel pixel
. () 4 (d)
—--Disturbed —Recovered
0.8 —Recovered 0.8 —=-Original
z Star 2 z Star 2
§ g
£ 0.6 £ 0.6
2 2
=04 =04
£ £
s E
0.2 0.2 !
1
ol - ¥ i 'n
0 50 100 150 200 250 0 50 100 150 200 250

pixel pixel
{8  Star 1fIStar 25N, (a)—(b) Star 1A MAEEERIIZEIE; (c)—(d) Star 2 e FE ith 2k &

Fig.8 Profiles of Star 1 and Star 2. (a)—(b) Longitudinal-axis profiles for Star 1; (c)—(d) Horizontal-axis
profiles for Star 2

5 B4
ASCPEH T P BE SR K sl O s H AR s R K 7, R 58
IO 2% 18 A i AR R S H AR IR (R se st b, — i, ARSCER Y T @ R

U PR ARG BN e R T ik, IR RN e e BN 51, %
JE RIS w3 A, B 7 IR B 2 e AN RR i A5 U N IR R A0 13k 15
HBR B AL v 1 75, RS S T2 iR R UM E RE AN TRV #E, JF HLA
T 2R 3 B RN H BRI SR S a5 R RN St R A AT A B
PR RCR T3 KA Psh & i B R, R R I AT BRI BGE, 4 2 A e
34 S A A R R R s 1 P IR W2 PR AT B I e P e 5 AR T 1
GAC P E R AL, 2R R G T . R R, R R G
WL L RN, R BRI I R SRR A T2 R AR RN, HAr i A RE T T
DL F b FEAS B0 IR R SC H AR TR T 818, Jm SERE TR BT — AN LA T, DAY R5E
IR ARV L

38-9



58 & PN S 3 4 4

& % Tk
[1] Tyson R K. Introduction to Adaptive Optics. Bellingham: SPIE press, 2000: 1-109
[2] Bates R H T. PhR, 1982, 90: 203
[3] Gonsalves R A. OptEn, 1982, 21: 829
[4] Fienup J R. OptEn, 1979, 18: 529
[5] Lofdahl M G, Scharmer G B. A&AS, 1994, 107: 243
[6] Véran J P, Rigaut F, Maitre H, et al. JOSAA, 1997, 14: 3057
[7] Goodman J W. Introduction to Fourier Optics. Greenwood Village: Roberts and Company Publishers,
2005: 128-144
[8] Charnotskii M. JOSAA, 2013, 30: 479
[9] Glindemann A, Hippler S, Berkefeld T, et al. ExA, 2000, 10: 5
[10] Goodman J W. Speckle Phenomena in Optics. Greenwood Village: Roberts and Company Publishers,
2007: 7-17
[11] Rodenburg J M. Advances in Imaging and Electron Physics, 2008, 150: 87
[12] Rodenburg J M, Faulkner H M L. ApPhL, 2004, 85: 4795
[13] Faulkner H M L, Rodenburg J M. PhRvL, 2004, 93: 023903
[14] Zhang Z, Chen Z, Rehman S, et al. OExpr, 2013, 21: 5759

A Method of Sharp Imaging for Separated Stars
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Chinese Academy of Sciences, Nanging 210042)
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AsstracT The image quality of the telescope deteriorates seriously owing to the ex-
istence of atmospheric turbulence. In this paper, a digital method for sharpening the
imaging of a point target is proposed, and applied to image the astronomical targets
comprised of separated stars. Firstly, when one star is selected by a moveable field
stop in the image plane of the telescope, the Fourier field of its image is retrieved by a
Ptychography-like method. Secondly, due to the Gaussian randomness of atmospher-
ic turbulence, an estimate of the Fourier spectrum of the selected star is obtained by
adding up a series of retrieved Fourier fields under different atmospheric turbulences.
Then a sharp image of the star is got by taking the inverse Fourier transform of the
estimated spectrum. Finally, through synthesizing all acquired images of these separat-
ed stars, a sharp image of the astronomical target is obtained. Numerical experiments
show that the proposed method is simple, efficient, and noise resistant.

Key words atmospheric effects, methods: numerical, techniques: image processing,
stars: imaging
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