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Design and verification of high-precision multi-star simulator

with a wide field of view

XU Hong-gang, HAN Bing’, LI Man-li, MA Hong-tao, ZHANG Peng-yu, JU De-han
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China)

* Corresponding author, E-mail: hanbing@ciomp.ac.cn

Abstract: In order to achieve high-precision ground calibration of star sensors and meet the needs of a high-
precision multi-star simulator with a wide field of view, a high-precision star simulator which can accurately
simulate the position and magnitude of 65 stars in the 20° x 40° field of view was developed. Based on the
principles of star simulators and the transformation of the space coordinate systems of star simulators, a sim-
ulation star bracket was designed. By the analysis and calculation of errors that affect the pointing error of
star simulations, the high-precision simulation star system was designed using key technologies such as "in-
tegrated installation of primary and secondary mirrors", "all-aluminum simulation star systems" and "star
point position compensation". A space-position model of each simulation star in the o0-x'y'z' coordinate sys-
tem was established, and the mathematical models of pitch, yaw, single star direction and star angular dis-

tance were derived. Also, the theoretical errors in single-star direction and star angular distance, which were

Ystks B EA: 2020-02-21; 1£3T B #A:2020-04-07


http://dx.doi.org/10.37188/CO.2020-0024
http://dx.doi.org/10.37188/CO.2020-0024

1344 D A H13%

used as the theoretical basis for adjustment and testing, were calculated. The single-star direction error of all
simulated stars was better than 1.914", and the angular distance error of any two simulated stars was better
than 4.3". The accuracy of the designed high-precision wide-field-of-view multi-star simulator meets the re-
quirements. It can be used as an important piece of equipment for ground calibration of high-precision star

Sensors.
Key words: star simulator; high precision; wide field of view; all aluminum; single star pointing; star angular
distance
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Fig. 1 The angular distance in celestial coordinate system
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Fig.2 Schematic diagram of high-precision multi-star sim-

ulator with wide field of view
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Fig. 4 The rotation model of celestial coordinate system
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Tab.1 Coordinate values of simulation stars in 0-x'y'z' coordinate system (mm)

r?% HIP% x,”ﬁé*ﬂ“‘ y,»' §é1‘ﬁx Z," %’T’B
1 746 222.156 2488.992 74.603
2 2599 79.783 2488.551 225.271
5 3821 0 2500 0
64 116418 482.876 2446.708 —174.499
65 116962 339.63 2467.865 210.458
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Fig. 7 Physical map of simulation star system and its interference diagram
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Tab. 2 The theoretical yaw and pitch angle of each sim-

ulation star relative to its center (Unit: (°) )

Gz HIPS TiiE Mo A
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65 116962 7.83589 85.17093

EIrh y S HIP3821 AR T B AL AL Y 2 1)
A, a ISR S, 78 ox'y' Tl LAIEERZ, b R a 15,
1yl by R, MRS R UL e & T (11):

oa=R-cos(f,)
{obzoa-cos(ai) . (1D
v = arccos [cos (B,) - cos ()]

O AT B R AR, S(x;, v, 20)
Skt v 20) 3 AT BB RAE o-x'y'z/ He bR 5
T ES [ AsAR, ATHESH 0 = (12) , #(13):

X = R-cos(B,) - sin(a,y)

Yiw = R-cos(Byy) - cos(ay)

Ziw = R-sin(By,)

(S.S k)z =(x— xk)2 + (y,- _yk)2 +(z _Zk)z

a2

cosf = [(oS,.)z +(0S,) - (S,.Sk)z] /20S,-0S,.
(13)
FRCIOMRARKXIDATE 05 oa) .
Bi(B) BRI (14) 7.

0= arccos [cos (B,) - cos (B,) - cos (a; — ) +sin(B,) - sin (B,)].
(14>

AR, A T B AT TR, # &
A5 AT UG 4 Ry A5 A AU B A G T RO AR LR
HIP3821 W mEEFIIRHI A B, SR 5 Pk T3
332 iR

HA 2305 R 2R A Re ORIE B AL IR
e S WEL e e Ry i (e S R Ay =
HEFT FA B, LRI

(DR EAE B, (245 HIP3821 %
PRI CHA T[] B

) BSOS RITCT G, W 2B UE
HIACE, R A7 ), [ 2 2R £ 132
M 90.0000°, #R J 8 1k A B2 S LR T LR
HIP3821 il B 5 LU+ PR E A, ILhP R4
AL IR R E N 0.0000°;

(3)Fe HE R 2 B ) 2 22 25 5L A 422 £ R
DR, SR I VAR A I ABE4DL AL %) 2 S AL 44,
AR SAG L ES .

BEVR T 1 b B KA 22 R UL AR S (T an
K9 fis



'Lq:?;:lilﬂ”, %: %ﬂ%ﬁﬁ?ﬂ%%%ﬁﬁ%ﬁﬁﬁ"@gﬁﬂ 1349

K9 mRERMZ R AR

Fig. 9 Physical diagram of high-precision multi-star simu-

lator with wide field of view
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Tab.3 Practical detection of yaw and pitch angle of each simulation star

IS AR A (°) W A I £ (0)
5 HIP% FUEFR R 2E(")
i ffo i fap I o It sap

1 746 5.10044 88.28996 5.10022 88.28973 —0.826 820841
2 2599 1.83626 84.83016 1.83606 84.83038 0.789502782
5 3821 0.00000 90.00000 0.00000 90.00000 0

6 4427 359.06675 87.08662 359.066 62 87.086 52 —0.359564 154
12 13268 343.5068 88.18147 343.50726 88.18198 1.745461436
13 14328 340.61185 89.39579 340.61242 89.396 35 1.894486725
51 111674 19.76467 91.41438 19.764 1 91.41381 —1.913923243
64 116418 11.16428 94.00247 11.16395 94.002 84 1.322767965
65 116962 7.83589 85.17093 7.83568 85.17125 1.132461231
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