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Design of mobile vehicle-based adaptive optical wave-front processor
JIA Jian-lu® , ZHAO Jinryu, WANG Jian-li, WANG Shuai, WANG Liang, WU Qing-lin

(Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033, China)
* Corresponding author , E-mail :jianluciomp@163. com

Abstract: In order to meet the demands of a mobile vehicle-based adaptive optical system, the
traditional wave-front processor hardware architecture was redesigned. In this study, we combined a
wave-front processing board, wave-front processing daughter board and DA conversion board, using
optical fiber for board communication. In this way, the reliability of the system was improved while
the functional requirements were satisfied. Meanwhile, the wave-front processor is the computing
center of the closed-loop control of the adaptive optical system, and its operation delay directly affects
the control bandwidth of the system. This paper presents a multi-pipeline adaptive real-time wave-
front processing method based on FPGA to complete the slope calculation, restoration calculation,
and control calculation. For the adaptive optical system, which can provide two-stage precision tracking and
consists of 97 sub-apertures and 97 deformation mirrors, the processing delay is 506. 25 us, meeting the
requirement of 1 500 Hz real-time wave-front processing.
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Fig. 1

Schematic diagram of typical AO system
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Fig. 2 Schematic diagram of mobile vehicle-based AO
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Fig. 3 Schematic diagram of optical system
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Fig.4 Hardware schematic of mobile vehicle-based AO

wave-front processor
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Fig. 5 Photo of hardware of mobile vehicle-based AO
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Fig. 7 Experimental light path of AO system
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Tab. 2 Close-loop errors for FSM2 (pixel)
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Fig. 8 Errors for FSM2 in X-axis
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Fig. 10 Image sequence of light source after correction

with f,=100 Hz,r,=15 cm,SNR=8

XILINX

Virtex-5 XC5VSX95T FPGA,



54 26
o s 506. 25 s,
.97 97 1 500 Hz .
[9] WANG C X, LI M, WANG CH H, et al.. Real
time implementing wavefront reconstruction for a-
(1] ) . [M]. daptive optics [J]. SPIE, 2004, 5639: 199-204.
1996, [10] GULLAPALLI S N, ABREU R, RAPPOPORT
ZHOU R ZH. YAN ] X. Adaptive Optics Princi- W M, et al.. Modeling of the SAAO Adaptive
ple [ M]. Beijing: Beijing Institute of Technology Optics System [J]. SPIE, 2000, 3931: 272-284.
Press, 1996. (in Chinese) [11] PENG X F, LI M, RAO CH H. A kind of FPGA-
[2] RODDIER F. Curvature sensing and compensation: based correlating shack-Hartmann wave-front pro-
a new concept in adaptive optics [J]. Applied Op- cessor [J]. SPIE, 2008, 7130: 71303Z.
sics, 1988, 27(7): 1223-1225. [12] RAO CH H, JIANG W H, ZHANG Y D, etal..
[3] ACTON D S, WIZINOWICH P L, DIVITTORIO 61-element adaptive optical system for 1. 2 m tele-
M, et al.. Lessons learned in the design, construc- scope of yunnan observatory [J]. Chinese Journal
tion, and implementation of the W. M. Keck Ob- of Quantum Electronics, 2006, 23(3): 295-302.
servatory AO system [J]. SPIE., 2000, 4007; [13] ’ ’ ’ FPGA
14-19. i »
[4] , , , 2011, 19(8): 1716-1722.
[J]. JIAJ L, WANG J L, ZHAO J Y, et al.. Adap-
, 2008, 16(5) . 2-16. tive optical wave-front processor based on FPGA
WANG J L. CHEN T, ZHANG J X, etal.. General [J]. Opt. Precision Eng. , 2011, 19(8): 1716-
requirements and key technologies for the ground-based 1722. (in Chinese)
high resolution EO imaging telescope [J]. Opt. Preci- (14] ’ ’ ’ .
sion Eng. » 2008, 16(5): 2-16. (in Chinese) Ly, ;
(5] GOODSELL S J. FEDRIGO E. DIPPER N A. e 2008, 23(4); 444-448.
al.. FPGA developments for the SPARTA project ZHENG W J. WANG CH H. JIANG W H, e
[J]. SPIE. 2005, 5903: 59030G. al.. Implementation of wavefront control calcula-
[6] SANDLER D G, LLOYD-HART M, MARTINEZ tion used for adaptive optics system on systolic ar-
T, et al.. 6.5 m MMT infrared adaptive optics ray [J1. Journalof Data Acquisition and Process-
system: detailed design and progress report []]. ing 2008, 23(4): 444-448. (in Chinese)
SPIE, 1995, 2534, 374-377. [15] S
[7] BENDEK E A, HART M, POWELL K B. etal.. LI, » 2012, 24
Status of the 6. 5 m MMT telescope laser adaptive (6): 1281-1286.
optics system [J]. SPIE, 2010, 7736 773600. SHI X Y. FENG Y, CHEN Y, et al.. Predicting
[8] DUNCAN T S, VOAS J K, EAGER R J, et al.. control voltages of deformable mirror in adaptive

Low-latency adaptive optics system processing elec-

tronics [J]. SPIE, 2003, 4839 923-934.

(1982 —>, s
s , 2006
,2012

» E-mail; jianluciomp(@163. com

optical system [J]. High Power Laser and Parti-

cle Beams,2012, 24(6): 1281-1286. (in Chinese)

(1976 —>, ,

s

N

E-mail: zhaojy(@ ciomp. ac. cn



