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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 XY -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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Fig.2 Basic parameters of the optical system in ZEMAX
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Tab.1 Scale factorey,,B, of the space-to-ground optical remote sensing system with

36 segmented primary mirror

13 Qg Q15 Bus Bua Bis
0.259 505 35 -0.213097 93 0 0 0 0.263 852 09
Q23 Q24 Q25 Bes Bas Bos
0 0 0.262 924 16 -0.267 297 18 -0.222 423 93 0
Q33 Q34 Q35 Bas Bas Bss
0 0 0.818 919 62 -0.821 63059 0.633 674 81 0
Q3 Qg Qs Bas Bas Bas
-0.816 227 28 -0.643 104 125 0 0 0 -0.818 905 87
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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
10x10-? 10.002 3x10-? 55%10-2 55.004 8x10-2
15x10-2 15.003 3x1072 60x10-2 60.004 3x10-?
20x10? 20.004 0x10-2 65%102 65.003 6x102
25x10-? 25.004 6x10-2 70x10-? 70.003 7x10-?
30x10°? 30.005 1x107? 75%10? 75.001 7x10?
35x107? 35.005 3x107? 80x1072 80.000 5x10-?
40x10? 40.005 4x1072 85x102 84.999 2x10?
45x10-2 45.005 4x10-2 90x10°? 89.997 7x107?
50x10-? 50.005 2x10-? 95x10-? 94.996 1x10-?

RIXBEYFOFEBLKBAEXREMHEE
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
10x10-2 10.005 0x1072 55x1072 55.006 1x10-?
15x1072 15.006 9x1072 60x1072 60.004 1x10-?
20x10-2 20.008 3x10-2 65x10-2 65.001 6x10-2
25%10? 25.009 3x107? 70%10°? 69.998 7x10-?
30x10-2 30.009 8x10-2 75x10-? 74.995 3x107?
35x107? 35.009 9x10-? 80x107? 79.991 5x107?
40x10? 40.009 6x102 85x1072 84.987 3x107?
45x10? 45.008 9x102 90x10-2 89.982 7x10?
50%x10-? 50.007 7x10-? 95x10-2 94,977 7x107?

RAXREBEXAFRABPNKBAEXREMGEE
Tab.4 Actual value and simulation value in
the X-tilt of the secondary mirror

X~tilt of secondary mirror

Actual Simulation Actual Simulation
/(H) /(//) /(H) /(H)
36 26 198 140
54 39 216 153
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Continuation Tab.4
X-tilt of secondary mirror
Actual Simulation Actual Simulation
(") (") (" (")
72 51 234 167
90 64 252 178
108 7 270 191
126 90 288 203
144 102 306 216
162 114 324 229
180 127 342 242

ROERBRY FRMPNKRFAEXREMFEE
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" ("
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.8 Actual value and simulation value in the

(15.8 nm,A=632.8 nm), f| I SCHAF 5T Jr ik . 1R
1A T I A TR 2 I U D b O A 47 L2
XF H U 6~9 TR .
6 SAKAMERIREMKXEX FE
TRREEXREMFTEE
Tab.6 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" (") ("
X-translation of secondary mirror 36 25.52 2551
Actual/mm (noswﬁéaéi)(;;m (havaFI;tiE(J)?mm 39.6 27.96 27.95
10x10-2 10.002 341x10-2 10.002 344x10-2 43.2 30.51 30.50
15x10- 15.003 265x 102 15.003 269x10-2 46.8 33.05 33.04
20x107? 20.004 028x10~? 20.004 030x10~2 50.4 35.59 35.58
25x10-2 25.004 637x1072 25.004 639x1072 54 39.12 39.11
30x10-2 30.005 058x 1072 30.005 061x10-2 57.6 40.66 40.65
35x10-2 35.005 334x10-2 35.005 338x10-2 61.2 43.21 43.20
40x10°? 40.005 441x1072 40.005 447x1072 64.8 45.75 45.74
45x10-? 45.005 384x1072 45.005 388x10-2
RO SBAHRAERREMKIEY HE
50x10-2 50.005 162x 102 50.005 169x 102

— 15455 0 B SR PR E P {5 B 1
RTEHRAFCRIREMNIEY T Tab.9 Actual value and simulation value in the

THEHETRERBEE

Tab.7 Actual value and simulation value in the

Y-translation of the secondary mirror

when sensing error are considered

Y-tilt of the secondary mirror

when sensing error are considered

Y -tilt of secondary mirror

Simulation Simulation
Y -tilt of secondary mirror Actual/mm (no WFSE)/mm (have WFSE)/mm
Actual/mm Simulation Simulation 5 5 >
(no WFSE)/mm (have WFSE)/mm 36x10 25.16x10 25.15x10
10x10? 10.005 041x10-2 10.005 044x10-? 39.6x102 27.68x10-2 27.67%102
-2 -2 -2
15x10 15.006 894x10 15.006 899x10 43.2%10-2 30.19%10-2 30.18x10-2
20x1072 20.008 321x10°2 20.008 324x102
46.8x1072 32.71x107? 32.70x1072
25x1072 25.009 309x10-2 25.009 311x10°2
50.4x1072 35.22x107? 35.21x107?
30x102 30.009 845x102 30.009 849x102
54x10-2 37.74x107? 37.73x1072
35x1072 35.009 947x102 35.009 949x10-2
57.6x1072 40.26x107? 40.25x1072
40x1072 40.009 643x10°2 40.009 646x10°2
45x1072 45.008 897x 10 45.008 899x 102 61.2x10% 42.77x10°* 42.76x10°
50x10-2 50.007 723x 102 50.007 728x10-2 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.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
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