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Performance Analysis of Adaptive Optical System for Spatial Objectives
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Abstract: The performance of adaptive optical system of a ground-based large telescope when observing
spatial objectives degraded comparing with observing astronomical objectives . To adjust the parameters
of adaptive optical system purposively, and get the best correction result, it was necessary to predict the
performance of adaptive optical system for spatial objectives. Presence of the best observation elevation
range for spatial objectives having different orbits was validated by analysis of orbits based on the residual
wavefront errors after correction. The corresponding calculation method was also concluded. The effects
of the variation of atmospheric coherence length on the spatial fitting errors, Greenwood frequency on the
temporal fitting errors, signal intensity on the wavefront measurement errors were analyzed based on the
1. 23m telescope made by CIOMP. The result showed that the temporal fitting errors were primary
compared to the spatial fitting errors, the wavefront measurement errors could be neglected when signal
intensity of the spatial objectives varying, and the best observation elevations were different for different
spatial objectives, orbits and telescope systems. An experiment system was constructed to test an
adaptive optical system for different spatial objective by changing the aperture diameter of the turbulence
phase plate, velocity and the light source intensity to simulate the variation of the atmospheric coherence
length, Greenwood frequency and the signal intensity individually.
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Fig.1 The variation of the Angle velocity and Greenwood

frequency of spatial objectives
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1
Table 1

1.23m

The related parameters in calculation of wavefront

errors of the 1. 23 adaptive telescope

Parameters

Value

Telescope parameters
Aperture, D/m
Transmittance of Telescope system, T\,
Spatial fitting errors
ar
d /m
ro (zenith,500 nm)/m
Temporal Fitting errors
f%dli/HZ
Wind velocity model, v,/(m =+ s ')
Refractive index structure constant,
C:(h)

Wavefront Measurement Errors
Loss factor, K,

The dimension of subaperture projected
to input pupil, b /m
Wavelength range /nm
Equivalent wavelength, As/nm
Integration time, ¢;/ms
Transmittance of wavefront sensor, Ty

Pixels of subaperture, m

1.23
0.5

0.28
0.386 8
0.09
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7
Fig. 7 The spatial effect of the adaptive optics system for

the International Spatial Station

2)
’ Ty
. Shack-
Hartmann 1. 98ms, > S
25OHZ . )
. fa 250Hz
’ 8 . b
8

Fig. 8 The temporal effect of the adaptive optics system
for the International Spatial Station

(1]

[2]

[3]

[4]

L6]

(7]

(8]

0701001—6

ZHAO Xin, MA Cai-wen. Research on nonsmooth H co
control for the adaptive optics system [ J 1. Acta Photonica
Sinica[J],2014.43(9) :0901003.
, . Heo L1l
,2014,43(9):0901003.

GUO You-ming, MA Xiao-yu, RAO Chang-hui. Optimal
closed-loop bandwidth of tip-tilt correction loop in adaptive
optics system[ J]. Acta Physica Sinica, 2014, 63(6): 069502-
1-5.

(1. ,2014, 63(6): 069502-1-5.
LIU Chao, CHEN Shan-qiu, LIAO Zhou, et al. Correction of
atmospheric turbulence by adaptive optics in waveband of free-
space coherent laser communication[ J]. Optics and Precision

Engineering » 2014, 22(10) :2605-2610.

) ’

[Jl. , 2014, 22(10) :2605-2610.
LI Da-yu, HU Li-fa, MU Quan-quan, et al. A high-resolution
liquid crystal adaptive optics system [ J]. Acta Photonica
Sinica, 2008, 37(3) :506-508.
, , y . LCOS
[Jl. » 2008, 37(3):506-508.
LIN Xu-dong, LIU Xin-yue, WANG Jian-li, et al. Flatten
calibration of deformable mirror based on the measurement of
the inteferometer [ J]. Acta Photonica Sinica, 2012, 41(5) .
511-515.
[Jl. , 2012, 41(5):511-515.
LIANG Chun, SHEN Jian-xin, TONG Gui, et al. A self-
reference method for measuring Hartmann-Shack wavelront
sensor parameter [ J]. Acta Photonica Sinica, 2009, 38(4):
780-784.
, s , . Hartmann-Shack
[J1. . 2009, 38(4):780-784.
TYLER D, PROCHKO A. Adaptive optics design for the
advanced electro-optical system (AEOS)[R]. 1994 ,1-56.
YAN Ji-xiang, YU Xin, ZHAO Da-zun. Partial correction in
temporal domain of adaptive optics[ J]. Optical Technique
1995,(3): 2-8.



[9]

[10]

[11]

[12]

[13]

, . . [J1.
,1995,(3): 2-8.

LI Xin-yang, JIANG Wen-han. Analysis of the residual servo
variance for an adaptive optics system [J]. Acta Optica Sinca
2000, 20(10):1328-1334.

, . 0l
,2000, 20(10):1328-1334.
RAO Chang-hui, JIANG Wen-han, LING

Temporal correction effectiveness of adaptive optical system

Ning. et al.
for light wave atmospheric propagation [ J]. Acta Optica
Sinca, 2001, 21(8):933-938.
Jl. ,2001, 21(8): 933-938.
GUO Youming, MA Xiao-yu, RAO Chang-hui. Modified
effective bandwidths of adaptive optical control systems for
compensation in Kolmogorov turbulence[]J]. Acta Physica
Sinica . 2014,62(13) :134207.

Kolmogorov
(1l .2013,62(13):

. s

134207.

TYSON R. Principles of Adaptive Opticsl M]. New York:
CRC Press, 2011.

HUANG Hong-hua, YAO Yong-bang, RAO Rui-zhong.
Measurement of atmospheric coherent length by four-
aperture differential image motion method[J]. High Power
Laser and Particle Beams, 2007, 19(3) :357-360.

. s

[1]. ,2007,19(3) :357-360.

[14]

[15]

[16]

[17]

[18]

(191

[20]

0701001—7

BRENNAN T, MANN D. Estimation of optical turbulence
characteristics from Shack Hartmann wavefront
measurements[ CJ]. SPIE, 2010, 7816:781602-1-16.
LI Xin-yang, JIANG Wen-han, WANG Chun-hong, et al.

Power spectra analysis of the disturbed wavefront in laser

sensor

beam horizontal atmospheric progation II. wavefront phase

and greenwood frequency[J]. Acta Optica Sinca, 2000, 20

(8):1035-1042.

1I: [l
,2000, 20(8):1035-1042.

SMITH F. The infrared &. electro-optical systems handbook

[M]. Bellingham: SPIE Optical Engineering Press, 1998.

CHEN Wei-zhen, ZHANG Chun-hua, ZHOU Xiao-dong. A

study on luminosity features and signal noise ratio of space

target[ J]. Infrared Technology . 2007, 29(12):716-719.

L1l , 2007, 29(12) .716-719.

RHOADARMER T, ANGEL J.

phase plate for generating atmosphericlike turbulence [ ] ].

Applied Optics, 2001, 40(18); 2946-2955.

THOMAS S. A simple turbulence simulator for adaptive

optics[ C]. SPIE, 2004, 5490:766-773.

WEI Pei-feng, LIU Xin-yue, LIN Xu-dong, et al. Temporal

simulation of atmospheric turbulence during adaptive optics

system testing[J]. Chinese Optics, 2013, 6(3) ;371-377.

Low-cost, broadband static

s s s

[1]. ., 2013, 6(3):371-377.



