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Abstract A star sensor thermal drift calibration system based on error decoupling is proposed. According to the
calibration principle and the simulation requirements of the star, a self-collimation optical calibration system and an
error decoupling optical path are designed. According to the characteristics of common optical path, the installation
deformation error of the star sensor and the coupling error caused by the thermal deformation and the installation
deformation are obtained by the autocollimator and the CCD, removing the installation deformation error from the
coupling error to obtain accurate star sensor attitude shift quaternion. The simulation results show that the
maximum variation errors of the star sensor around the axes are 0.2638, 0.1317, 0.0472 (")/°C in the environment
range of —25~60 °C, respectively, and the errors are controlled in the range of 0.02 (”)/°C with the ideal result.
This provides a new idea and method to reduce the coupling error generated in the calibration of star sensors and
improve the accuracy of thermal drift calibration system.
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Fig. 1 Working principle diagram of thermal drift calibration system
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Table 1 Design parameters for optical system
Parameter Content
Star map field of view =>12°X12°
Spectral range 400-1100 nm
Exit distance =400 mm
Equipment length <1000 mm
Light source stability 2% Cone cycle)
Operating temperature range 10-30 °C
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Fig. 4 Wavefront function curves of optical system.
(a) 0°, 0°; (b) 0°, 0.8%; (c) 0°, 1.6%; (d) 0°, 4.5%; (e) 0°, 6°; (f) 0°, 8.5°
- 'y G RO BE A B F % 224 O B SRR 22 2 T Y
3 BRI IK LR WM B iR 2 E O B U S B
3.1 BHARETEEKD IR AAR R G 7 A SR 22 Gl S A S
HR A8 DU 2 O B JEL B, 3 S B M R A AR AR T L D225 P SRR A R R 25 MRS VA 1 B U AR B A
T A 227505 B o AT 3R A9 48 B 1 — 4R ARG M ik 22 BN = R TR

1004004-3



th i

P LU 2 I BT T = A Ak bR R AN & 5 BT
N W1 ALB R AE LR AL bR 3R B 2 e Y
LR N Ay (Zaas Yuas 2ma ) s Bo (Tuns Yon s
2 ) s HOGHL B HEEAUR I BB 45 A B RO i 58
Y.\ Z e AR = A Aya Az a Ay Azg,
R A 0 TR A5 3l R R AR R e T R
I (BB A5 R ZREE Y Z i g i/
Aoy WEARX N
1 Aya __Aya

= —arctan —— &~ ) ey
Ba 5 arctan 7 27
Az A Az A
= ta — . ( 2 )
Ya 5 arctan 7 o
b e R R
( . star sensor measurement
mechanical coordinate system

coordinate system

B 5 2R = R A AR R
Fig. 5 Three measurement coordinate system of star sensor
[ 75 3] B R A B B VR B (BB B
SIRME WL Y. Z M sh /N gy itEA
XN

1 Ay Ay

B = arctan fB A 2;, (3)
1 A A

a :?arctan % ~ 2?; o 4)

BHURSE NI LA E BB 7 XOZ i
CCD % AR SRR T (2 s v o) i HFE 2 5 XOY
THI A S B 48 A A Oy

[ Va 2u]’=
1
1+ koxed)’ + (byyea)®

e [y kyxea 117

(5)
Xk, I CCDHth iy X BXT R A M s, N
CCD %t (1Y hxd B2 (%) 24 &, B R rad/pixel,
i CCD Ml 5488 A.B 28 X Bl 19 1 5% & 5 51
N Az Axy .58 X R A

L
kyyAccd
a, = —arctan — A
fV1+kxed)’ + By’
kv Accd
2 s : (6)
2F 14+ (k,xw)® + (Byyed)’
Ry Y Beed
ap = —arctan ~
f 1+ (k,z-l’ccd)z + (kvyml)z
k‘/ CC
bt (7

2f JTF o) T kyyo)®
sy nced ~ Ve 73 B B BE A LB AR 159 % 07 i
Y AebR. F T A5 R R R A 2 T AR
AR FR R A IR 25 R IR 25
HEPE W B4 B A B A9 BEIS ALK A b o o 4% B o
AU P 7 o 15 2 A5 KO A b A A% i 2R AT A I A A
RiEEME, BT AX N

a, miy o My Mo ap —aa
Bal=|ma my moy By — Ba |=
Ya miz M3z Mgy Y — Ya
M=« [« B 7r]". (8)
b [et B 7 1 R BT O A AR AE BLBR AL AR

R SRR S s M A B AU AR LR A8 AR FR B
AR BRZR B AL AR B B s (e, B V] N R UK
) A R T 1 25 R I A
32 REMBBITE

HRAE 3.1 146 MR 22 TS5 R, AR Ak R v
MFE w22 M R [of B ve " TE U AT
Mot bR oE R, W AR MR B EERW TN ¢ =

-~ T N )
[(Jo q: Q-2 (13]T:[q0 q] 7;H\:I'|'l Ch)jjﬂljﬁﬁ

FRES . q DY TR E . M DU I B Ak 6 b B £
P25 5 RS U TR

q:
[qv g1 —astan q:—Ps+Pa q;a—szJr)’l\]'r:
-~ T
[e0 4] - (9
itqj:al:[q17ali+aA g —PBstPr qgs—7st+

Yal's
4 5 HIE

Sh B DN T R 22 T SRR Y ) 5 SRR E L 7 R
D5 BRI 0] AU AR A S HEAT R 22T OF R 0 K
THALZE RS ARG R 22 45 R AT e, AR U
o bR R GERY BT 2R, B0 E R SRR TAE SR 5
LS PRI 8] 5 24 T g 2 5 R AU AR Y SR T

1004004-4



th i

ok

SR AR AR SOOI AR AL [ — 25~60 °C R B
BHE BT ZOR PEAT 3R . AR IR 2 00 B U
(@
0.20 -
g 015

£0.10-
(]
0.05 -

0
100

= 1450
50
v, O 01300135014001
72100 120012507y [
©
0.20-
2 0.15-
£ 0.10-
|
0.05-
: 450
350140(}

0
24 50 3001
Ty 106712001250 y

6 EHUR LT O K4S

B PEAT 07 B, AR A A ] I RE Vi T 2 AU 2 2
T A3 22 T AR AU, G 2 SR L AN TR 6 BT R .
()

0.25.
0.20-

£
= 0.10-

1450
1400
2 Y_5d 1350
72100 1250 100 y I

(d)

100 = Ny
50 ' 1200 1450
2z, g 1350

4y, —H0

o (a) —25~20 C GIMMAE;(b) —25~20 C FE2LWHAE;

() 20~60 C ZEEMAI ; (D) 20~60 C K 2ZHAE

Fig. 6 Simulation results of star sensor. (a) —25-20 ‘C mounting surface deformation; (b) —25-20 °C flange

surface deformation; (c¢) 20-60 ‘C mounting surface deformation; (d) 20-60 “C flange surface deformation
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Table 2 Deformation angle results of different temperature ranges

Offset around the

Offset around the Offset around the

Temperature Surface deformation
X axis /[(MC1] Y axis /[(")+°C '] Z axis /[(MC1]
Mounting surface —0.072410325 —0.047455354 —0.055023665
—25-20 C Flange surface —0.184707694 0.000204549 —0.221526503
Ideal result —0.128865833 —0.059728291 —0.174889345
Mounting surface 0.000081819 0.010431996 —0.00572737
20-60 C Flange surface 0.026386813 —0.142161514 0.0462637159

Ideal result

0.02515952

0.147888884 0.064864912
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