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Measurement technology of image plane of wide-field space camera

Hu Kai, Cong Haijia", Chen Fansheng, Jin Gang”

(Key Laboratory of Intelligent Infrared Perception, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: Wide-field and high-quality space camera is the future development direction of payload. Based on
the alignment requirements of the wide-field space camera, an image plane measurement method combining
interferometry and geometric measurement was proposed. The image plane measurement platform of the wide-
field space camera was built. A laser interferometer was used to determine the focal position of each field of view
and a laser tracker was used to obtain the coordinates of each focal position in this method. Finally, the image
plane was drawn through coordinate conversion and fitting. Image plane measurement error could be controlled
within 0.01 mm. Through this method, the image plane drawing of off-axis three-mirror reflective space camera
was completed, the system was with a focal length of 1200 mm, a F-number of 2.4, a linear field of view of
10°x1°. The test image plane was compared with the ideal image plane output by the optical design software
ZEMAX, the shape and position of the image plane were basically consistent, and the flatness deviation was at
0.009 mm. The test results show that the optical system is aligned in place, and it provides an important basis for
the completion of the detector registration process.

Key words: optical measurement;  image plane drawing;  interferometry;  off-axis three-mirror reflective

system;  geometric measurement

Wrks B E8:2020-09-07;  1&1T HEH:2020-12—-29

ELWH: FR ARBI2AIE4S (61975222, 11905281)

EE BN, 53, BYRRREST 5, Wi, B AR 2 () S AT ML 3R G e ) S A6 T4 o

BIREE: NGLE, 2, BiWEoE O, L, FEMNFOF RGBT LR B AR S I TH 5T
S, B, WP TR, L, EENFMRLIME Rk m e B2 5 R AT 0 A T AR,

20200336-1



ISk A2

%54

www.irla.cn

0 35

B e B R Sl B e, AR R SN RS Y 5 SR
OIS AR ARBLAY — A EE B R R T
] o FEBIIE i B — 5 B 0T 84 R A T LA in P
N T, 1573 BER — E B DL T $2 i 18 RS Rk
AR, R, HOR B 5T AL ) w8 08 7 1) i et

FLRARPLAE D A v, Dess R eI 5 1UR e
FE RS A5 i B AR BIL B 45 0, 50 7 2 e S0
KRARBLEG A e R BEZ B E o — T 7 e 4R
e TG T , R R0 45 AL VR RE B 6, S BRI g 2L £
-1 5 P4 TR DC I, 3 B B A IR s R, R s
B DLSY R GG T i — N EER by, ol L
PRI ¢ BCVE T3 09 58 AR (AL A, i Sl A 1%
T 7 i R A DR AL | YA b S8 BRL A 4 T I, DT 3R 7%
PR AR R

TEIG77 R G B B, X T /MR R Gk
Ui, T RUE G 2 A AR T BOE R MR A R 4
FERUREE, RIS RG AR X T 58
AL RGER UL, AR R 26 (TS
T BORIBORS 1 1) B WL 47 45 o7 AR R T Y
P, e NN KR S BOL S B 45, s R AR
PE i TAR A R AR

N T P SER I R G B £
PG B L 2 S BOL G ALY B FE I, SC
R T RO RGN B D7, R T
Gt RAHBLE R 7, PR | E 1 AP 58
T — A B A = B R AR BIL A AR T i e
IR S5 RN W2 2 Ge I 207, 08 Ja Ze
e PO HESR AL T B AR TT 1) . SCBIEM %O A R
A BRI TR AR S

1 HENEFAR

TEGF RGBT B, A BB 2002 R G
B AT AW PEY o 5RO g A R
Ge G BRI, 8 RO A E B IDE R, i e
FROUE AR BB BB R 225 BE . 181 %
el A Y DR B

A VBRI G 6 v, AR A A7 B R 5 iy
W Tt R G F s L, SR BRI K IR 4

[l

Standard flat mirror
L~

Third mirror

Laser interferometer

B A e R R

Fig.l Schematic diagram of self-collimating optical path
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Fig.2 Schematic diagram of interferometry measurement
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Fig.3 Overall flow chart of image plane measurement
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Fig.4 Space camera image plane measurement platform
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Fig.6 Coordinate system establishment
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Tab.1 Laser tracker test data

No. X'/mm Y'/mm Z'/mm
1 —689.141 —593.635 141.747
2 —674.485 —592.964 143.519
3 —660.163 —593.858 141.097
4 —645.744 —593.183 143.007
5 —631.403 —593.99 140.678
6 —617.007 —593.297 142.705
7 —602.635 —594.105 140.465
8 —588.276 —593.318 142.597
9 —581.068 —593.755 141.462
10 —573.882 —594.154 140.392
11 —559.526 —593.317 142.560
12 —545.132 —594.073 140.517
13 —530.763 —593.272 142.803
14 —516.355 —593.936 140.829
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Continued Tab.1 FIFH MATLAB #4462 2 15 3019 £ 2 A bR ith 47
= — o i (R, 4004 Hh R 4 WS B P 10 g
15 -501.998 -593.131 143.232
16 —487.578 ~593.757 141.337 1.347E=001
1.333E-001
17 —473.396 -592.911 143.850 | 120E-001
18 —674.640 —596.212 134.667 9.061E—002
19 —645.853 ~596.368 134.144 6.925E-002
20 ~617.074 ~596.505 133.839 4.789E-002
21 ~588.290 ~596.565 133.739 26527002
5.161E-003
22 ~559.488 —596.564 133.716 L 1620E-002
23 -530.676 ~596.466 133.942 —3757E-002
24 ~501.865 ~596.297 134307 pr—— ~5.893E-002
25 —473.220 —596.122 134.966 (a) Before(etll)le su;face isFJ gubstituted
26 —688.913 —590.404 150.618 2.010E-001
27 ~660.023 ~590.641 149.963 1?;?2_381
28 -631.310 —590.844 149.527 7 141E-002
29 —602.582 ~590.903 149.315 2 823E-002
30 ~573.894 ~590.906 149.234 —1.496E—002
31 —545.187 -590.897 149.417 —5.814E-002
32 -516.452 -590.792 149.710 ~LO13E=001
33 ~487.739 ~590.576 150215 :i:jji:ggi
—2.309E-001
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Fig.8 Image plane fitting distribution
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Fig.9 Wavefront diagram of optical system

% 2 ZEMAX it BREE S48
Tab.2 Focus coordinates of ZEMAX ideal image plane

No. X/mm Y/mm Z/mm
1 —104.986 0.000 -31.067
2 —83.912 0.000 —31.060
3 —62.889 0.000 —31.065
4 —41.905 0.000 —31.052
5 0.000 0.000 —31.050
6 41.905 0.000 -31.051
7 62.889 0.000 —31.062
8 83.912 0.000 —31.058
9 104.986 0.000 —31.063
10 —104.986 -10.472 -31.067
11 —83.912 -10.472 —31.068
12 —62.889 -10.472 -31.07
13 —41.905 —-10.472 —31.064
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Continued Tab.2

No. X/mm Y/mm Z/mm

14 0.000 -10.472 —31.061
15 41.905 —10.472 —31.063
16 62.889 —10.472 -31.066
17 83.912 —10.472 —31.065
18 104.986 —10.472 -31.065
19 —104.986 —5.236 —31.068
20 0.000 —5.236 —31.055
21 104.986 —5.236 —31.065
22 —104.986 5.236 —31.064
23 0.000 5.236 —31.038
24 104.986 5.236 -31.06
25 —104.986 10.472 —-31.059
26 —83.912 10.472 —31.048
27 —62.889 10.472 -31.054
28 —41.905 10.472 -31.034
29 0.000 10.472 -31.024
30 41.905 10.472 -31.033
31 62.889 10.472 —31.052
32 83.912 10.472 —31.045
33 104.986 10.472 -31.056
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Fig.10 Fitting distribution of the ideal image plane
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