N S S
356 H5M ot - - il Vol. 35, No. 5
20154 5 H ACTA OPTICA SINICA May, 2015

RN 3 WL E A F B P il VR 43 B
7 o5 s

U R R 2 B O L A5 T, DU I AR 610209
rp E BR A GE [ IE NG TN S =, 1)1 R ER 610209
rf E B R A=, dE T 100049

TE IR R GR R 2 B AN I LA B AR AR 22 e Al i SE a3 N 2 AR G B IE B R AR R
A T | R 22 1A T B SR Y AR AE R R R R = S ik, R AR AR B 2, AR T — R B B 3 N
T2 R GEAG R T i IS N A R GRS IE YRR 254 8, B R IS I O A R G S BRI AN R i
WALl . HE—E AT B S A IS N RS IERE T BUE T LT Y W AR AR R P R R 25
MR . g R, A B T 2 00 36 L6 R G000 T AR 208 0T (8 45 78 K 2 801 T8 T H R 1 SR T e
N G2 R G, T HAE PR AR 22 40 Bl AR X A R I B 5

KEIR KA AE MR A NG R G HERE T KA TR

FESES 0436 CERFRIRED A

doi: 10.3788/A05201535.0501002

Control Performance Analysis of a Double Overlap Adaptive Optics
System

Luo Qi**’ Li Xinyang"”®
'Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu, Sichuan 610209, China
*The Key Laboratory of Adaptive Optics, Chinese Academy of Sciences, Chengdu, Sichuan 610209, China
*University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Optical systems like telescopes are constantly affected by atmospheric turbulence and internal
aberration disturbance. Conventional adaptive optics systems (AOS) are proved to be an effective way to
eliminate external aberrations caused by atmospheric turbulence, however, when internal aberrations with
high amplitude emerge, the problem becomes complicated. The double overlap AOS structure presented
exploits an independent inner channel AOS to correct internal aberration disturbance, and an outer channel
AOS mainly external to atmospheric turbulence. Furthermore, the correction abilities of this structure and
conventional AOS are analyzed and compared. In addition, their correction performances under the situation
where two aforementioned type aberrations simultaneously exist are numerically simulated. Results show that
reasonably designed operating conditions of double overlap AOS make the performance better than
conventional AOS, especially when internal aberrations become relatively stronger.
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Fig.1 Principle diagram of a conventional AO system
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Fig.2 Control structure block diagram of a conventional AO system. (a) Detailed diagram; (b) simplified diagram
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Fig.3 Principle diagram of an double overlap AO system
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Fig.4 Control structure block diagram of a double overlap AO system. (a) Detailed diagram; (b) simplified diagram
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Table 1 F 1 =200 Hz, F,=500 Hz, F_=500 Hz, correction performance comparison between a conventional

AO system and a double overlap AO system

B /o /Hz o /rad’ ol Irad’® n /%
0.1 1

0.4459 0.4442 -0.38

2 0.4440 0.4428 -0.27

5 0.4442 0.4427 -0.34

10 0.4491 0.4463 -0.62
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B f, Hz o’ I rad’ ol Irad’ n /1%
1 1 0.2444 0.2442 -0.08

2 0.2470 0.2446 -0.97

5 0.25510 0.2478 -2.86

10 0.2729 0.2637 -3.37
10 1 0.0468 0.0449 -4.06

2 0.0496 0.0449 -9.48

5 0.0620 0.0490 -20.97

10 0.0931 0.0754 -19.01

#2 F,=500Hz, F,=500Hz, F_=500 Hz, & ¥l AO 5ifk X AO K IEHR %

Table 2 F_ =500 Hz, F‘7 =500 Hz, F_=500 Hz, correction performance comparison between a conventional

AO system and a double overlap AO system

B f, /Hz o’ /rad’ o’ /rad’ n 1%
0.1 1 0.4476 0.4464 -0.27
2 0.4445 0.4452 0.16
5 0.4475 0.4448 -0.60
10 0.4496 0.4451 -1.00
1 1 0.2450 0.2436 -0.57
2 0.2495 0.2473 -0.88
5 0.2559 0.2469 -3.52
10 0.2719 0.2478 -8.86
10 1 0.0468 0.0446 -4.70
2 0.0495 0.0446 -9.90
5 0.0626 0.0454 -27.48
10 0.0937 0.0496 -47.07

#3 F,=1000 Hz, F,=500Hz, F_ =500 Hz, % Ml AO 5k =W AO K IE 4% 5 H 4%
Table 3 F_,=1000 Hz, F_, =500 Hz, F_=500 Hz, correction performance comparison between a conventional

AQO system and a double overlap AO system

B f, /Hz o’ /rad’ ol Irad’® /%
0.1 1 0.4464 0.4453 -0.25
2 0.4441 0.4440 -0.02

5 0.4472 0.4473 0.02

10 0.4504 0.4464 -0.89

1 1 0.2463 0.2455 -0.32
2 0.2483 0.2459 -0.97

5 0.2531 0.2429 -4.03

10 0.2709 0.2445 -9.75

10 1 0.0470 0.0445 -5.32
2 0.0497 0.0443 -10.87
5 0.0627 0.0446 -28.87
10 0.0928 0.0452 -51.29
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F 4 F_=2000 Hz, F_,=500Hz, F_=500 Hz, & ¥ AO 5 EI AO K IE SR

Table 4 F_,=2000 Hz, F,=500 Hz, F' =500 Hz, correction performance comparison between a conventional

AO system and a double overlap AO system

B f, /Hz o’ /rad’® o} /rad’ n /1%
0.1 1 0.4437 0.4430 20.16
2 0.4442 0.4441 ~0.02
5 0.4460 0.4449 -0.25
10 0.4471 0.4424 -1.05
1 1 0.2452 0.2438 -0.57
2 0.2488 0.2459 -1.17
5 0.2539 0.2444 -3.74
10 0.2691 0.2412 -10.37
10 1 0.0466 0.0444 -4.72
2 0.0495 0.0445 -10.10
5 0.0621 0.0443 -28.66
10 0.0929 0.0447 -51.88

#5 F_=500Hz, F,=1000Hz, F_=1000 Hz, % # AO 5imE WM AO £ 1E R LK
Table 5 F =500 Hz, F_,=1000 Hz, F_=1000 Hz, correction performance comparison between a conventional

AO system and a double overlap AO system

B f, Hz o’ [rad’ o Irad’® n 1%
0.1 1 0.2017 0.2013 -0.20
0.2018 0.2008 -0.50
5 0.2008 0.2016 0.40
10 0.2029 0.2023 -0.30
1 1 0.1106 0.1106 0.00
0.1108 0.1095 -1.17
5 0.1125 0.1107 -1.60
10 0.1170 0.1105 -5.56
10 1 0.0207 0.0201 -2.90
0.0214 0.0202 -5.61
5 0.0247 0.0205 -17.00
10 0.0326 0.0215 -34.05
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Fig.9 Power spectrum of open loop and the residual errors of an overlap AO and a conventional AO.
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