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Computer-Aided Alignment Technology of Multi-Spectral Camera

Zhang Chao Wei Xuemin Zhao Xiting Jiao Wenchun Liao Zhibo
Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China

Abstract Refract optical system using in remote sensing usually has many elements, complicated structure and

diffraction limited image quality, which makes the alignment puzzled. Combined with the adjustment mathematical

1

model, the CODE V optical design software and the field interference Zernike coefficient are integrated into the

the multi-spectral camera imaging quality is excellent.

.

alignment variables for calculating the misalignment. According to the off-axis three mirror ideal optical system
model, the alignment sensitivity matrix is acquired and the correct order of multi misalignment variables is
determined, which can overcome the alignment correlation effectively. It is effective and convenient to raise the
=]

optical system wavefront error root mean square (RMS) from 0.563 A (=632.8 nm) to 0.064 A . After the orbit test,
OCIS codes 120.0280; 110.4234; 220.1140
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Fig.1 Optical system figure
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Fig.2 Freedom degree variation curve of the secondary mirror. (a) X axis decenter; (b) Y axis decenter;

(c) X axis tilt; (d) Y axis tilt
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Fig.3 Freedom degree variation curve of the third mirror. (a) X axis decenter; (b) Y axis decenter;

(c) X axis tilt; (d) Y axis tilt
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Table 1 Sensitivity matrix

Secondary mirror Third mirror

Azl D, D, T, T, D, D, T, T,
Z, 0.266 0 0 4.502 0.395 0 -0.006 9.158

©.0) Z, 0 0.254 -4.401 0 0 0.398 -9.227 0
Z, -0.313 0 0 0.355 -0.003 0 0 -1.196

Zy 0 -0.314 -0.331 0 0 0 1.140 0
Zs 0.265 -0.124 2.187 4.500 0.396 -0.200 4.632 9.109
Z, 0.141 0.262 -4.475 2.325 0.196 0.394 -9.121 4.534
©3) Z, -0.309 0 -0.012 0.360 -0.004 -0.001 0.027 -1.197
Zy 0 -0.311 -0.342 0.012 -0.002 -0.002 1.154 -0.029
Z 0.265 0.124 -2.192 4.500 0.393 0.200 -4.644 9.109
Z, -0.141 0.262 -4.474 -2.325 -0.196 0.394 -9.122 -4.534
©.73) Z, -0.309 -0 0.011 0.360 -0.004 0.001 -0.027 -1.197
Zy 0 -0.311 -0.342 -0.013 0.002 -0.002 1.155 0.0291

F 2 RIS R AR AR T

Table 2 Comparison of misalignment and the solution

Number of the

vasiables Misalignment D, D, T, T, D, D, T, T,

True value 0.015 0.012

: Solution 0.0150 0.0121

True value 0.25 -0.30 -0.016 0.018

* Solution 0.267 -0.30 -0.0161 0.0174
True value 0.1 0.15 0.015 -0.019 -0.016 0.02

0 Solution 0.1 0.154 0.013 -0.022 -0.0152 0.0216
True value 0.1 0.15 0.015 -0.019 0.08 0.1 -0.016 0.02

5 Solution 0.054 0.1803 0.016 -0.0153  -0.35. 0.29 -0.0072 0.038
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Table 3 Comparison of calculation result with different variables

Misalignment D, D, T, T, D, D, T, T, Wavefront
True value 0.012 0.018 0.015 0.012 0.136/0.13/0.118
1 Solution 1 0.0119 0.0132 0.015 0.01439 0.133/0.125/0.112
Solution 2 0.0206 0.0207 0.132/0.125/0.112
True value 0.1 0.05 0.016 0.015 0.014 0.008 0.124/0.117/0.106
2 Solution 1 0.102 0.056 0.0143 0.0157 0.015 0.0076 0.124/0.117/0.106
Solution 2 0.0645 0.102 0.024 0.0164 0.126/0.122/0.109
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Table 4 Misalignment of computer—aided alignment software

Misalignment D, D, T, T, Wavefront

RMS: 0.133)
7,=-0.198
Solution 2.174 -0.623 0317 -0.290 7,=2.552

Z.=-0.135
Z,=-0.052

RPE R 4B EES m W REM =g, £ =g E, EE LRE RS 8% 0T
T, O A3 B T U R AR R B R e AR 25 35 T L (RMS) y 0.064A , AT 95 1] v if LU 1 AR
o 22 | [) BRI ] 0. 1A LU
4.2 RGRE

GV B BE T 25 25 JEOGE AR 10 2 3 A 2 TR 3 S A e o D)L 7 G AL 45 LA T R R AT ER R,
ol By XFTFARRYE, Mm ol 60, HA Bk £ 3 4 9 B, BIVBE AR E 55 AL A4 B 2 4 19 0625 R GEAT A
MG . Horp, b I AR 22 5N AR GG R X AR, I HL SR B B AR, R R O 2
Wy B 3 AT 55 2 T 2SR HL . i, R U A A X B A, [ s RN A AR e 0 O 2 AR 25 A )
B, A 0 R B AR Ry R 8 A i

2oL B S #5010 L IEAT 43, TA) B 45 B S S0 I 1T T ARG F TP CODE VX &R 45 i i
AT, 3 3k 2% 2% LS IR T N 2R G0 I R 1 R ] HRS KA AR 25 2 o0 T TN AR R R 2%

Ze i JLUREAR T, W& 6 B, I 3 4 R 632.8 nm B, o0 M 37 24 05 AR 35 21 0.060A , +3°4L35 1 )5
HRAE N 0.0754, =3°W37 3 7 #E R 0.073A , 35 B2 2 G0 Wi A5 o i 1 BE 3K, 2 A o & 7 KA 0.9,

b

0812005-5



K5 e i 4

Fig.5 Center field adjustment

B 6 &L AR, (a) (0°,+3°)RMS: 0.075A; (b) (0°,0°) RMS: 0.0604A; (c) (0°,-3°)RMS: 0.073A
Fig.6 Final alignment result of all fields. (a) (0°,+3°)RMS: 0.075A; (b) (0°,0°) RMS: 0.060A; (¢) (0°,-3°)RMS: 0.073A
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