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Abstract Aiming at completing functional tests on high precision star sensor of stars’ positional accuracy and star
magnitude, an optical system of liquid crystal on silicon (LCOS)-based and high precision dynamic star simulator is
designed. The general designing program is presented after the analysis of the collimating and the illuminating optical
system. In order to improve the simulating precision, a optical splicing method of LCOS is put forward, designing
process of a collimating optical system with large field of view, large relative aperture and long exit pupil is given in
detail as well as the aberration diagrams. To satisfy the illuminating conditions ordered by LCOS and achieve
simulation of —1 to 7 magnitude stars, an illuminating optical system is emulated. Experimental test indicates that

the angular distance accuracy is less than 12", and —1 magnitude to 7 magnitude stars can be simulated, which meets
the calibration requirements of high precision star sensor.
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Table 1 Performance index of dynamic star simulator

Parameter Performance index
Field of view /(%) 22
Entrance pupil diameter /mm 36
Entrance pupil distance /mm 60
Wavelength range /nm 500~800
Stars positional accuracy /(") 12
Star magnitude —1~7
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Fig. 1 Working principle of dynamic star simulator
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Fig. 2 Splicing principle of LCOS

B Io il /L bR BT R . P B R B R R 1 4y
BERASJE 1 ) 80, 2R I R LCOS ) F — e A 5k I
Yoy Mok % (PBS) A AP TAE AT R R EEN
Praz o 2L PR IR 1Y R 1% F B #1920 X
1920, & 2 & LCOS iy Pt a, PBS n] LAFEfHE—Xf
AR A G T AT e LCOS L — A~ Je5] 44
F R T e B A5 N T ORI R G AR
M LCOS HXT S 2k i H o't ke 21 98 il 4 A A A i 3
FE R A2 W RS ST P w4k OOt
FEAE BRI AE R TR S SR A TR G A 1 % U Y
LCOS, 3X FE 3k AT LA /2 &4 % BTl O e 14 1 0K
Sy il B P v B B S ARV B 1 SR DR UE R
LCOS P #2 1% 1 %5 52 B2, T S ML A& ) R 48 % W

0716003-2



Wi Jt 24 -

ERTEE LCOS 3l 25 B A48 OB R gL it

LCOS 14 7 K JEE 2E AT 73 1 4 ) 115 o 28 S5 D' ik AT
Zead P R RE R R

3 ISR Rt

KRG ENEREUR I OARZ — 1
55 R HE T R G S G T A SR AR IE IR A X R
(B £ BE ARG BB UL, 5 3 RG22 Wl s A 1 e AR
HF £% 1R 30 75 B2 2 B G A2 45 1 ME R R 40
3.1 HEXFRFHIZIT
3.1.1 EARFRAXFFTE

R4 BB 0L 2% 45 5 6 R BE L, LCOS i & 76 v B
Pk S WO E- S T Sl 151 o 5 K S e P g =
P 2R G0 B A A B> I 22 B SRR A T e W
3 2 R B Ry A, gead LCOS Vi 1) )t 2858 1
BB R G AT R TE 55 d 2 25 L
fLE R SE AR . I sh S BRI R R 5
0 i L S ) A UL 2R RS B AR b B R
ZIEDU S HAR: D I B A0 B RS B A
AR 5 1 AR AV A B BT AR AL IE R G W AR 5 2)
JH 0 4% 336 R B OMT ) PEANY 2 48 B AR B0 19 4738
BRI 5 5 A 10 5 5 B RO 0] B — 3K
HIUME AR 22 A K 3) B AR BRI A L2 A 1Y
AR A B R G A 0 IR O X R R A R
HI/NRE R L S FEORER M2 ) T R U
PO S5 DR PRIIE R G2 80 0 11 BB 4 h 7E LCOS
BAREEN Y,

B AR G A FLAR K, i i  FL AR 1
TR 25 1 KT AR K ME R 25 W B A A
IE B AR R IE Bk 22 s RGO A E L K
fi I 8 7 O 2 A SR R B G 5 | e e A 4R 22 W) I
K AT LA TR X B 1) 45 #4 1 i ik 2o 220 5 15 bk 22
SR G5 & 500 ~800 nm, |y 45 B €4 % i 37 I
RN P A A B 25 R R A0 25 3 S A B
R B ORI ZE T S A R ORI AT S
SEOLE RG] 0 KRR L R RS L S E
L BN DR A AL T AT R O B A A O
Sy TC . BERE A IE I MR RS R BR RS 025
3.1.2 BAAFALETLER

W RGN AR (3 & 2 BLE 1 1%
Y 20 F1 LCOS PFHE S AR AT A R &

;_ W2A 2 x15.36
= 2tanw  2tanll® 09 87. (D

MRG0 RS FENE /=56, 02 mm, 254 i & 3
FioR . B A BB R GG RS B, RERA

+ — + WOGHE BE 23 BOE 20, A R 1E 3% B2 K Ot 2l
1] S I AT 5 v T £ ' £ B A EL A O X BR 1 45 4
FE R TR I B 25 WG AR L O i 21 380 i 4 22 1
TUHEIN 5 J5 4LE & B B e ] H-FK61, HAr 4 %k
1.4970 . B] DTSR B 81. 5947, ] DULAE — & B B AL
E €022 ) B I O A5 B AL 5] A3 780 45 R OE 3 il
DA B SF-A T Ax 45 22

Kl 3 EEY B RGN

Fig. 3 Layout of collimator objective
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Fig. 4 Aberration curves of collimating optical system. (a) MTF; (b) spot diagram; (c) diffraction encircled energy

distribution curves; (d) field curvature and distortion
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Fig.5 Structure diagram of illumination system
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Fig. 8 Star simulator’s illumination diagram
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