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Abstract

To meet the demand for precise and fast attitude processing of small satellite platforms, it is
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necessary to calibrate the installation matrix of multiple star sensors in orbit to obtain high-preci-
sion three-axis attitude measurement information. Due to the fact that in agile imaging of small sat-
ellites, the observation data of effective star sensors may be a part of it, how to quickly calibrate the
installation matrix of each star sensor to achieve consistent accuracy in the attitude determination
results of any combination of star sensors is the core of multi-star sensor calibration. This article
proposes a fast calibration method for a small satellite multi-satellite sensitive installation matrix,
which does not require ground calibration field imaging and calibration processing and can achieve
consistent attitude data accuracy for any combination of satellite-sensitive positioning. According
to the in-orbit test data of a certain constellation of satellites, this method can achieve an attitude
accuracy of over 1 arcsecond for any combination of star sensors by obtaining a multi-star sensor
installation matrix and an uncontrolled geometric positioning accuracy of over 8 meters. This
method is fast and efficient, saving in-orbit testing time and providing accurate attitude parameters
for subsequent high-precision geometric calibration, thus providing support for rapid geometric
calibration and application efficiency for small satellite constellations.
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Figure 1. Diagram of the fast calibration method for multi-star sensor installation matrix
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Table 1. Main technical specifications of star sensor
F* 1. EBURSBEERARIER

HAR AR 2 TR HAR AR AE

SRS RS <0.001° (30, HAXHEIER)

SRR RS <0.03° (30, HIXTHUE R)
ZHNSAARE FE (X REZIRER BT (L5 B RT) <0.0005°/s (30, HHXTHIE R)

R OB AR EHCRFE 10 Hz, 880 F1% 8 Hz

FROEHT 3 AR BURX REAM L RIEREYIGE IR 2 Fis, MEEBURTZRINX B Resiy Resa A1

Res3.

Table 2. The star sensor installation matrix relative to the satellite body before calibration (Unit: °)
2. REMEHMENDERKRRZIEMEERA: )

EHARS SR bR TBEAAR X Hh BRAERY 4 BRAE Z 4
Xl 117.9478 54,5538 131.786
UK 1 & 38.9174 51.0826 90.0312
Z'Hh 65.2732 121.2461 138.2134
X Bl 107.6166 131.9104 132.8335
U 2 Y i 155.9218 65.9242 89.6752
2l 74.1243 51.5063 137.165
X Hh 45.6041 85.1065 135.1872
R 3 Y #ih 83.0422 173.0422 89.9951
Z'Hh 134.7637 94.9307 134.813
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DRI LR B 2 JRARSS GE I 23R AR R MR, 14 B B RS EAE I B T e BRI 1R L 3 I e
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Table 3. Star sensor 2/3 combination data
3 3. B 23 EEHIE

FFs EVE/EE RN Ky i (] SN Ky 48
1 1092 2023 05 23 11:45:27~2023 05 23 11:47:08 101 # 802
2 1093 2023 05 23 07:02:20~2023 05 23 07:04:01 101 # 804
3 1108 2023 05 24 13:11:10~2023 05 24 13:11:15 5 ) 40
Table 4. Sample data of star sensor 2
4. 2802 HO1%E
75 B ] a % o %
1 2023 05 23 11:45:27.594078  0.018246251158  0.205850327387  0.393466816284  0.895810572340
2 2023 05 23 11:45:27.694044  0.018236066215  0.205906030722  0.393463261425  0.895799539132
3 2023 05 23 11:45:27.894019  0.018210058101  0.206004151143  0.393411068246  0.895800432506
4 2023 05 23 11:45:27.994482  0.018196414225  0.206060657278  0.393393957056  0.895795228042
5 2023 05 23 11:45:28.094017  0.018192587420  0.206113479100  0.393411984667  0.895775236215
6 2023 05 23 11:45:28.194017  0.018175231293  0.206160279922  0.393367121927  0.895784520594
7 2023 05 23 11:45:28.394017  0.018156657927  0.206269189715  0.393354114145  0.895765537422
8 2023 05 23 11:45:28.494015  0.018143943511  0.206316168420  0.393335406668  0.895763190706
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A X LY Bl Z BRI A . X 3 BB A bR e 4 R T 22 AR B S R R B 3 22 BAE R RSB U 5 .
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Figure 2. Diagram of 3-track star sensor installation matrix at each time point for calculation
B 2. 3 MEHBIERT BN SN SR RIERE
Table 5. The star sensor 3 installation matrix relative to the satellite body after calibration (Unit: °)
5 MEREHIENDEARFRIEIEME(RNM: °)
RHT Pt C LN TEANE X TPEAEY Hh PEAAK Z
Xl 45.3399704678 84.9573132258 134.8966130386
UK 3 & 82.7641339299 172.7567274089 89.8884563408
2’ 134.4336759670 95.1807167165 135.1028243619

FFUUR M 2 9dEiE, SR 12 BEBAGEE, g 81, AR KRIER Ra W14 6 FR.
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Table 6. The star sensor 1 installation matrix relative to the satellite body after calibration (Unit: °)
F6. MEEEH 1 ENDEARPRREME(EMN: )

EHRS SR bRl TBEAAR X Hh BRAERY 4 BRAE Z 4
X Bl 117.7982031798 54.8140730542 132.1576203220

BRURS 1 & 39.2246531680 50.7725117237 89.7296238602
Z'Hh 64.7144886524 121.1778190349 137.8407503569

SR L MR 3 () A PEAR E JE S ATAAE ) W 22 Rs-Res W14 7 Fm o

Table 7. The star sensor 1/3 installation matrix different relative to the satellite body after calibration (Unit: %)

R MEREH 1B ENIERAMREEMESRENESR(RAL: )

ERRS A b DEAAE X H DEAKY DEAREZ H
X4l ~0.1495968202 0.2602730542 0.3716203220

ERURA 1 Y4 0.3072531680 -0.3100882763 -0.3015761398
Z ~0.5587113476 ~0.0682809651 ~0.3726496431

X -0.2641295322 -0.1491867742 ~0.2905869614

UK 3 Y4l ~0.2780660701 -0.2854725911 ~0.1066436592
Z*Hy ~0.3300240330 0.2500167165 0.2898243619

M 7 LR Y, BEBURSS E G LM SYIIGEN Z R TE 0.10°~0.56° 2 [F], ZER SR A
R EN M ZE T Y] 2.88 T2k

4.2. FBESHR

Table 8. Test results of uncontrolled positioning accuracy in 6 test areas using two types of star sensor combinations

8. MMEHAESE 6 MK XATITEMAEEMINEER

WA X 75 Y Z:t51)-4 FRAZ S T BEA el EALRZ (CK)
Roll; —0.063844
JARE, _
X 1 %g 4(?%3223;4 2023-04-08T16:49:58  Pitch; 2.27003 2/3 5.28
. 40. Yaw: 3.03125
Roll: —5.71979
YARE,
MX 2 Qjﬁ”‘g ;(1;77'23(7)221 2023-03-21T02:51:31  Pitch: 0.186253 2/3 7.70
“hees 9o Yaw: 3.17583
Roll: —0.067902
YA,
WX 3 ;ﬁ ;gg;’?g 2023-05-19T05:17:13  Pitch: —0.215951 2/3 5.85
g . Yaw: 3.55285
Roll: —5.09012
JARF. —
MX 4 ;g _gigzgég 2023 04 20 14:19:45  Pitch: —0.177101 1/2 2.87
s : Yaw: 3.38294
Roll: —0.147692
JARE. _
WX 5 ;E _gg';i;ggi 2023 04 08 13:58:38  Pitch: —0.895372 1/2 4.62
TR : Yaw: 3.53839
Roll; -0.125711
YARF. —
MX 6 ;i _g'gjgiég 20230519 13:23:15  Pitch: —0.143163 1/2 2.88
TR : Yaw: 3.63223
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Figure 3. Error distribution of control points in each testing area
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3, (@) (b)s (C)NEBALE 23 MMIX 1. 2. 3MEHEMIRESAME, (d). (6). (NEGLA
B U2 X 4. 5. 6 Mo e MR Z A Bl IR 8 MK 3 W LI, BB G 2/3 MR ZEHI(HE )y 6.27
K, HHE LRSI T 0.93 fAb; BEUHE 12 KIRZEHEN 3.46 K, HHUE LKL T 0.69 fAb. B
vt PR RSB S TUMENRS LT 8 K, HRhE LRI T 1 ffb.
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Table 9. Comparison of processing time between this method and traditional method
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