4 54 4 3 1) [T O |/ RS RS | A NI N = 14 Vol. 54 No. 3
2022 46 H Journal of Nanjing University of Aeronautics &. Astronautics Jun. 2022

DOI:10. 16356/j. 1005-2615. 2022. 03. 017

B TR B F A B R R R A5

EMLEEELHAMLBRER L, IO, ERFE,
LELVFERRLERL,EWME

(1. v B2 B fot /N DR QUBT ST BE , B8 2012105 2. 75 8 K24 R5 25 (088 R L 3T 100084)

]

WE: ERMALETESELIMNBFHELRB AT EFEAREZBX  ARERRELGBRRE SHE T E1
RAZFE@EEERIE, B kFEFELDILREYFTX T BEZZ LN ALIALFRFT AL ;@i 2
BB FRFEAER AN ATEEZ SN, A ERRF BT B R LARE, T ZH R E o5 HAT 4
KRZHAALE, BFERBIEEAN AV ERLEZAFRELREEZNR T2 LFEMT P ERBR B LR LR EN
F2", AR EAFE TH IS F BT EIAF AT,

KB AR AT Z ZHAR AR LARE

mESES V1L MERAR ARG A X EHE:1005-2615(2022)03-0499-09

B 352
A &

Research on High Precision Calibration Technology for Load and Platform of

Remote Sensing Microsatellite

CUI Yang', CHEN Xuedi’, YAO Xiaosong', ZHAO Shenggang', WANG Wenchuan', WANG Qiuping',
MA Hui', LI Liangcheng',PAN Chao' , WANG Bingjia'
(1. Innovation Academy for Microsatellites for Chinese Academy of Sciences, Shanghai 201210, China;

2. Department of Precision Instrument, Tsinghua University, Beijing 100084, China)

Abstract: The attitude measurement data of remote sensing microsatellite platform has a large error with the
actual attitude of imaging load. It is faced with great challenges in obtaining higher image quality and high-
precision quantitative application. In order to realize the self-calibration of optical load, the constant star point
is observed by optical load on orbit small hole imaging. The constant star point is observed by star sensor and
optical load in orbit respectively to realize mutual calibration of optical load and star sensor. The installation
error of star sensor and optical load can be corrected. Ground and in orbit verification show that, the
self-calibration error of typical remote sensing satellite is better than 0.2”, and the cross calibration error of
optical load and star sensor is better than 2". Self-calibration and mutual calibration can effectively improve the
in orbit calibration accuracy of optical load.
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Fig.1 Pointing of star sensor and optical camera
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Fig.3 Self calibration process of optical load
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Fig.4 Schematic diagram of mutual calibration between

load and star sensor
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Fig.5 Mutual calibration process of star sensor and load
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Fig.6 Schematic diagram of aberration effect
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Fig.7 Schematic diagram of atmospheric refraction effect
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Table 1 Recognition results of optical load on star region 1

ST LA 12000 K /() IR/ (%) A G S AL bR
105 —0.490 2 0.8715 —0.0111 —0.636 119.358 7.149 1111.98 2120.35
85 —0.492 2 0.870 3 —0.014 2 —0.814 119.491 8.191 1671.98 1118.08
86 —0.488 2 0.8726 —0.014 2 —0.812 119.223 8.594 2230.01 2 375.99
93 —0.493 3 0.869 8 —0.0130 —0.745 119.559 9.544 1200.15 939.99
45 —0.489 8 0.8716 —0.0194 —1.111 119.334 10.838 3399.39 1223.89
65 —0.484 8 0.874 5 —0.016 3 —0.935 119.004 10.992 3272.09 3147.72
72 —0.490 5 0.871 3 —0.0154 —0.884 119.375 11.537 2241.92 1513.20
119 —0.486 8 0.873 5 —0.008 7 —0.498 119.129 11.292 949.06 3 487.66
63 —0.490 0 0.8716 —0.016 6 —0.951 119.347 11.509 2 622.46 1 502.60
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00 e o T '(,' PN Y ,‘ " £, .
0 1000 2000 300040005000 6000 7000 8000
5
(b) Calibration results for pointing of camera

B 1O Ol A i T F s i 45

Bl AKX A AL S PG

Fig.10 Ground self-calibration results of optical load Fig.11 Star point extraction results of star map in star region [l
®2 ERZERBEIRFNER
Table 2 Recognition results of star map in star region Il
SRS S A 72000 % 4 A/ () R/ () B4F BAR AL bR
275 —0.294 9 0.944 6 —0.144 1 —8.284 107.335 7.318 1 300.90 245.79
86 —0.287 6 0.948 1 —0.1357 —7.800 106.873 8.598 1190.84 3682.18
284 —0.293 8 0.9458 —0.1381 —7.939 107.255 8.210 322.39 1792.62
180 —0.2952 0.9451 —0.1456 —8.369 107.196 9.246 2115.39 441.49
374 —0.9490 0.944 5 —0.144 6 —8.316 107.340 9.426 1400.02 111.94
99 —0.289 8 0.946 9 —0.1394 —8.012 107.014 9.315 1455.06 2401.34
145 —0.2912 0.946 6 —0.1384 —7.954 107.100 9.669 933.42 2303.93
114 —0.289 8 0.947 2 —0.137 1 —7.878 107.010 10.479 979.13 2903.40
149 —0.2899 0.947 0 —0.138 2 —7.946 107.020 10.406 1194.10 2623.15
184 —0.2910 0.9456 —0.145 2 —8.350 107.106 9.894 2 369.60 836.92
77 —0.2920 0.946 2 —0.1394 —8.014 107.149 10.245 982.47 1901.85
ol —0.288 3 0.947 6 —0.137 7 —7.916 106.922 10.023 1437.55 3 086.27
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Table 3 Recognition results of optical load on star region |

ST S0 A 12000 K aREE/ () IR/ (°) A% BGOSR bR
84 01067  0.9898 —0.094 3 —5.416 83.845 5.027 6 224.41 2 547.64
83 01064  0.9898 —0.094 4 —5.417 83.860 6.193 6 372.65 2556.43
42 01029  0.9898 —0.098 4 —5.648 84.063 6.505 8 423.77 4917.10
93 01072  0.9898 —0.093 8 —5.387 83.816 6.55 5925.84 225377
52 0.1130  0.9888 —0.097 7 —5.607 83.480 8.833 2 506.06 4 489.47
96 01041  0.9901 —0.093 6 —5.375 83.994 9.055 7733.40 2136.33
122 0.1058  0.9902 —0.090 7 —5.206 83.899 9.931 6 774.66 403.69
43 0.1130  0.9887 —0.098 4 —5.647 83.480 10.106 2511.79 4900.52
107 01091  0.9897 —0.092 5 —5.312 83.708 10.321 4833.70 1487.74
73 01047  0.9899 —0.095 4 —5.476 83.960 11.027 7 388.71 3 165.43
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Fig.14 Self-calibration results of load on orbit
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Table 4 Recognition results of star map in star region |

FALRIT 5 S J2000 K Fe/C) KE/C) B BAG s A bR

54 0.010 1 0.008 0 0.999 9 89.264 37.947 2.038 6 228.82 2 386.09

99 0.0157 0.006 9 0.999 9 89.016 23.461 6.471 3166.73 1028.70

109 0.016 1 0.007 5 0.999 8 88.980 24.587 8.997 2 849.85 1290.60

8 0.002 1 0.006 2 1.000 0 89.630 70.692 9.337 11 017.90 2429.38

34 0.002 4 0.009 9 0.999 9 89.421 75.971 9.408 10 339.06 4499.30

88 0.0136 0.008 8 0.999 9 89.073 32.549 9.84 4124.08 2372.87

33 —0.000 2 0.010 0 0.999 9 89.431 90.669 10.305 11 784.67 4910.25
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