%47 %% 8 M ih Gt TA2 2018 4 8 A
Vol.47 No.8 Infrared and Laser Engineering Aug. 2018

ETZMimRafEBRRRAEIRERN G E
R K, KBRS HREAR, XS
(AbFREITKF KB, T 100081)

B OE, Ao X ETETRaibiE &k R A e TAEN, KM TR0 EE XA 2%
R EAGa, EARFEIEMNERIE, S5k TR TSR ERN, Lk AERG IHEEE
Bkt B R KA E, A, BB T —FET MR A & LR Ble E R A M7 ik,
A ZEMAX B A2 5T R PSR 36 53 N E40 T M 2 & R %, 4272 R R B 245 .5, A
AARRAG O GRBE IR Z , EZ T REXASEMNBFER FRTAGAMR, SR AN S KA
A5 Bi% 2 A 1/40M(A=632.8 nm) B, R5AL B K f 2 o9 m A E X Y 7 @ -F4 24 30 nm, #4245 A
15" X ATANFEEE XY @ -F4H 0~1.5mm, 4% 0~0.03°, Fi@it S0 LR A, BET
R 75 ik 0y T AT

KR, Kook £4; REEAA; SATERTHER; FRBULITIEZ; KMHFE

hE 43S, TH751 XERERD: A DOI: 10.3788/IRLA201847.0817010

Secondary mirror position error detection method based on
multi-field wavefront sensing

Zhao Dong, Zhang Xiaofang, Chen Weilin, Wu Chuhan
(School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: When the space—to—ground optical remote sensing system with a segmented primary worked,
the alignment degeneracies of secondary mirror relative to the primary mirror would have an impact on
the image quality, which should be detected and corrected online. When there was no center segmented—
mirror in the segmented primary mirror, the traditional sensitivity matrix inversion method would not be
used to calculate the alignment degeneracies of secondary mirror. It proposed a method to calculate the
misalignment of the secondary mirror by using the multi—field wavefront sensing information. Based on
ZEMAX, it established a space—to—ground remote sensing system with 36 segmented primary mirror , in
which there was no center mirror. For the optical system with special aberration characteristics, it built a
mathematical model to obtain the misalignment of secondary mirror by means of the field —dependent
wavefront aberration which can be got by multi—field wavefront sensing. The simulation results showed
that when the wavefront sensing error is 1/40A (A=632.8 nm), the detection accuracy of the misalignment

of secondary mirror on X,Y-translation and X,Y-tilt reached 30 nm and 15" respectively; the detection
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range of the misalignment of secondary mirror on X,Y-translation and X,Y-tilt are 0—1.5 mm and 0-0.03°

respectively . And a lot of simulations based on the real space optical remote system were done to prove

the feasibility of the proposed method.
Key words: large segmented —primary mirror;

sensing;
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Fig.1 Space—to—ground optical remote sensing system with

large segmented primary
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Tab.1 Scale factore,,, of the space—to—ground optical remote sensing system with

36 segmented primary mirror
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Tab.2 Actual value and simulation value in the

X-translation of the secondary mirror

X—translation of secondary mirror

Actual/mm  Simulation/mm  Actual/mm Simulation/mm
10x1072 10.002 3x1072 55%107 55.004 8x107
15x107* 15.003 3x107* 60x107* 60.004 3x107*
20x107 20.004 0x107 65x107 65.003 6x107
25x1072 25.004 6x107* 70x1072 70.003 7x1072
30x107 30.005 1x107 75%107° 75.001 7x107
35%107* 35.0053x1072 80x107* 80.000 5x1072
40%x107 40.005 4x107 85x%107 84.999 2x107
45%107 45.005 4x1072 90102 89.997 7x1072
50x1072 50.005 2x1072 95x107* 94.996 1x10*

RIKRY FOEBRBFAEXREMFEE
Tab.3 Actual value and simulation value in the

Y—-translation of the secondary mirror

Y—translation of secondary mirror

Actual/mm Simulation/mm Actual/mm Simulation/mm
10x107* 10.005 0x10~* 55%1072 55.006 1x107*
15%107 15.006 9x107 60x107 60.004 1x1072
20x107* 20.008 3x107 65x%107* 65.001 6x1072
25x1072 25.009 3x107* 70x1072 69.998 7x107*
30x10~* 30.009 8x107 75%1072 74.995 3%107
35x1072 35.009 9x107* 80x107* 79.991 5x107*
40%x107* 40.009 6x107 85%107* 84.987 3x1072
45%107 45.008 9x107 90x107 89.982 7x107
50x1072 50.007 7x107* 95x1072 94.977 7x10*

KAXEX FREHNKAELREMFEE
Tab.4 Actual value and simulation value in

the X—-tilt of the secondary mirror

X—tilt of secondary mirror

Actual Simulation Actual Simulation
/(") /") /") /")
36 26 198 140
54 39 216 153
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Continuation Tab.4
X—tilt of secondary mirror
Actual Simulation Actual Simulation
1" 1" (") 1"
72 51 234 167
90 64 252 178
108 77 270 191
126 920 288 203
144 102 306 216
162 114 324 229
180 127 342 242

RSXREBEY FRERKAEXLRERMFEE
Tab.5 Actual value and simulation value in

the Y-tilt of the secondary mirror

Y—tilt of secondary mirror

Actual Simulation Actual Simulation
1" ") ") 1"
36 25 198 138
54 38 216 151
72 51 234 164
90 63 252 176
108 76 270 189
126 89 288 201
144 103 306 214
162 113 324 227
180 126 342 240
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Tab.6 Actual value and simulation value in the

* 8 AFARAMERREMNKEX
mRKFAEXRREMHTEE
Tab.8 Actual value and simulation value in the
X~—tilt of the secondary mirror

when sensing error are considered

X~—tilt of secondary mirror

X-translation of the secondary mirror

Actual Simulation(no WFSE)  Simulation(have WFSE)
when sensing error are considered 1" 1" 1"
P =4 =
X~—translation of secondary mirror 36 25.52 25.51
Actual/mm Simulation Simulation 39.6 27.96 27.95
(no WFSE)/mm (have WFSE)/mm
43.2 30.51 30.
10x102 10.002 341x102 10.002 344102 3 305 30.50
15%107 15.003 265x 1072 15.003 2691072 46.8 33.05 33.04
20%x10° 20.004 028x10~ 20.004 030x10~2 50.4 35.59 35.58
25%1072 25.004 637x1072 25.004 639x10°2 54 39.12 39.11
30%x107 30.005 058x10~ 30.005 061x10~2 57.6 40.66 40.65
35%107 35.005 334x10° 35.005 338x102 61.2 43.21 43.20
40x1072 40.005 441x1072 40.005 447x1072 64.8 45.75 45.74
45%107 45.005 384x10° 45.005 388x10~ e - o <t
RISHENERREMNRXEY Al
50%x107 50.005 162x107 50.005 169x10~

RT SAEAEBIREMNKREY 77E

TRLEAEXREMGEE

Tab.7 Actual value and simulation value in the

Y—-translation of the secondary mirror

when sensing error are considered

kA EXLREMHEE
Tab.9 Actual value and simulation value in the
Y—tilt of the secondary mirror

when sensing error are considered

Y—tilt of secondary mirror

- - Actual/mm Simulation Simulation
Y—tilt of secondary mirror (no WFSE)/mm (have WFSE)/mm
Actual/mm Simulation Simulation s s
=2 -2 3 -2
(no WFSE)/mm (have WFSE)/mm 36x10 25.16x10 25.15%10
10x10* 10.005 041x107* 10.005 044x107* 39.6x1072 27 .68x 102 27 67x1072
-2 3 -2 -2
15x10 15.006 894x10 15.006 899x10 43.2x10°2 30.19% 102 30.18x102
20x1072 20.008 321x1072 20.008 324x1072 )
46.8x1072 32.71x1072 32.70x1072
25%1072 25.009 309%x1072 25.009 311x1072
50.4x1072 35.22x1072 35.21x1072
30x1072 30.009 845x1072 30.009 849x102
541072 37.74x1072 37.73x1072
35%1072 35.009 947x1072 35.009 949x1072
. . . 57.6x1072 40.26x1072 40.25x1072
40x1072 40.009 643%x1072 40.009 646x1072
45%10°2 45.008 897x10°2 45.008 899x 10 61.2x107 42.77x107 42.76x107
50x1072 50.007 723x1072 50.007 728x 102 64.8x107* 45.28x107 45.27x107
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Fig.3 System wavefront map in other field points when the alignment degeneracies of secondary mirror are introduced
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Fig.4 Optimized center field point system wavefront map
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Fig.5 System wavefront map in other field points after the center field point has been optimized
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Fig.6 Corrected optical system wavefront map
0~0.03°; K RS B2 7350 290 30 nm # 15", 77 7R
Y U SRRV N ey 5 J
34 1740 10 5 T A SRR 5% 22 I A2 SRR 5 2 G 0 S 2 11

KA 43 B 32 455 23 0] 6 b 18 B R 48 0 &
Rk M, AT R T AN AT A R T Y
AR T AERT, UBE AT 3258 00 B 2K R 4 B i
ARG MIE TAERE . Ch X RGE T 05
P B nAs O, B b T — R 22 004 0k i 1% A
BT E B IR 7k EOWF R R I IRBE X
Y 5 T R AR 22 (RGN B 4351 R 0~1.5 mm,

SR T 220 R Y S R IE 1T ik Rl AT
P, HEAT g g P 32 5 s TA) 6 i 3 2 AR 8 T B 7 L
VR 14 52 P 1 PRAICA iR AR

S,

[1]  Yu Yang. Research on precision adjustment mechanism for
secondary mirror of large space telescope [D]. Changchun:

Changchun Institute of Optics, Fine Mechanics and Physics

0817010-8



bk AR

H www.irla.cn

% 47 %

[2]

[3]

[4]

[5]

Chinese Academy of Sciences, 2016. (in Chinese)

An Qichang, Zhang Jingxu, Yang Fei. Evaluation of the
performance of large telescope based on normalized point
source sensitivity[J]. Infrared and Laser Engineering, 2016,
45(12): 1218001. (in Chinese)

Xu Wei, Wu Qingwen, Zhai Yan. Optimal design and
analysis of long circular reflector subassembly in the space
optical remote sensor [J]. Infrared and Laser Engineering,
2013, 42(3): 0301303. (in Chinese)

Li Zongxuan, Jin Guang, Zhang Lei. Support structure of
large beam splitter in space optical remote sensor [J].
Infrared and Laser Engineering, 2012, 41(8): 0801208. (in
Chinese)

Huang Yi, Lin Lin, Cao Yinhua. Computer—aided alignment

for space telescope optical system [C]//SPIE, 2006, 6149

0817010-9

(o]

[71

(8]

[91

(1): 61490P-61490P-7.
Han Xingzi, Xin Yu, Bing Dong. Use the stochastic parallel

gradient descent control algorithm to calibrate the second

mirror in a three —mirror system [J]. Laser and
Optoelectronics Progress, 2010, 47(4): 042201.
Han Xingzi, Hu Xingi, Yu Xin. Precisely Integrated

Wavefront Sensorless Calibration of High —Resolution Space
Optical System with Large Position Errors [J]. Acta Optica
Sinica,2011, 33(6):264—-269. (in Chinese)

D S Acton, J Scott Knight. Multi —field alignment of the
james webb space telescope [C]//SPIE,2012: 8442.

Mao Heng, Wang Xiao, Zhao Dazun. Application of phase—
diverse phase retrieval to wavefront

sensing in non —

connected complicated pupil optics [J]. Chinese Optics

Letters, 2007, 105(7): 1671-7694.



