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Star simulator for testing celestial navigation equipment
ZHAOQO Chen-guang, TAN Jiu-bin, LIU Jian., Wang Yu-hang

(Institute o f Ultra-precision Optical & Electronic Instrument Engineering ,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: A star simulator using digital adjustable light sources and a collimating optical system is
presented to realize a laboratory test of celestial navigation equipment in this paper,and the technical
requirements of the background light simulation are proposed as well. Based on the technical require-
ments of celestial navigation equipment, the overall construction of the star simulator is presented.
Then, the key techniques of digital adjustable light sources, achromatic collimating optical system and
adjusting for the sizes and positions of the stars are introduced, and the effect of the uniformity of
background light on the star simulation is analyzed. Finally, the star simulator is fabricated and the
corresponding experiments are carried out for validating its properties. Experimental results indicate
that the simulator can simulate the star magnitudes of 0-5 effectively,and can offer the uniformity of
background light of 94. 7% and collimation better than 2" in the system focus of 1 647 mm and the
field of view of 28'. Furthermore,the designed simulator can simulate the changes of star lights and
background lights at the same time. It is concluded that the designed star simulator can satisfy the test
requirements of celestial navigation in a laboratory.

Key words: celestial navigation; star simulation; optical simulation; light source calibration

e B 8 :2009-04-02; €1 B 88 :2009-05-26.
EEWME :EHEARFFHELSTIIH (No. 60878028)



AR+ 45« T R S0 S AR A A IO 1) 2 DG 1327

1 5 =

R ICTL A KL E 1) A B2 8 AT S R SR A
W) 2 R TR LR DL R B AR A A U
Wt AR SC2e 46 A R R I R I R SR
P A W b 1] e 0 R A R A T A B T 1)
ST 3 T HAG I BRA A SE g BB AR T
I IEORBESR . R SO B A I 2 A
G P RGN T3 5 S0 S A6 0 s X [ B 2% A 1Y
C R A 1E 2 AT B AT R R AR
FRAFRE AR B O BORAR, NS M Bt e M FE AR H
RS T P S DN S A S 8 e PSR o L
1 A S S I LA AN 52 B R AR AR R TR L A
R VA 5 S BLAE A A+ AEL3Z K T 252 B Y S RE RS JiE
GESS

AU B K SO B A PN S G 1 3
e Be A T SRR B IR B 5 i 2 AE R
gt T AR LIS B BB A R 2 B
RN R PE . Hp oRA B2 FEREU
HA e #5805 i A5 0 A (R FDUHS JEE
AR 5 T B A AU e RS R R L B AT TE D RE
— BN 22 YRR B B A SE I B . 7
it B R ST UL B A TR AT R R AG I AR E
FEAAULCRE O R oR R AP B LS SR
AT AR R B P 2O LT R OEHLET . i

IREE Tl Ko s o [0 A T4 14T 25 350 11 AR 4k 1
J&TARSERESE R E R R AE DL S R AT
T IR AE R R T SR Y £ 2 1 R AT AT
Aitie.

AR SCER R RS AL A P9 SR I 114 52 B T R
e R B T — B AR IR LR R i ME EL T, HA
WURSFAE A T FOL T YL D RE A B BEDLIE B
IFEE XK B A BRI DL T R OE 8 Ak

2 ERMEENOHRARL TAFRE

BB E RO IR A AR
SO SOGTR A e B L E AR R G R
RPN RELSHME 1 R,

GG TR R R OGS TARRAE Mk R AT
B Ry G TR 5 O F 4800 2 1 00 ' 5t 08 3 o R
JEP PR AR E G . AT R 1ot Gt B Bk 3
SIEIE A R RO s R 2 bR
14 TR 0 oA f o A

BN T Ul B R G BB AL
TR B0 [ B LR IE R LIE R B A
TR, WEOGIER M 241 @ 5 106 LED £ ok
Y OE 1 VI 4 LED 214 ok S2 B 3 R L o
LR Y LED 3K )y o i e 52 300 58 G0 o DA i 52 30

N SOSSNN NN AN NSNS OSSNSO

=3

~

?
v

/

HEELEA

N e e A N N A N N N AN NN

N
it BAIR veRsd

5 < 1 i B
RN gy

IR Hl4rER

BT B A5 M R

Fig. 1 Schematic layout of star simulator
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Tab.1 Navigation stellar spectra

L P Ji%/pm P/ pm
A, ~A, 0.30~0.40 0.35
F,~F, 0.35~0. 60 0.45
Go~Gy 0.48~0.68 0.56
K, ~K, 0.56~0. 82 0. 64
M, ~ M 0.71~1.10 0.85
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Fig. 2 Layout of improved Cassegrain optical system
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Fig. 3 Longitudinal aberration of optical system
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Fig. 5 Energy enclosing of optical system
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Tab. 2 Transmittances of composite filters

FEORS EE/%) B RS ELE/Y
1 0 100 7 3.0 6.32
2 0.5 63.2 8 3.5 3.98
3 1.0 39.8 9 4.0 2.51
4 1.5 25.1 10 4.5 1.66
5 2.0 16.6 11 5.0 1.0
6 2.5 10.0
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Tab. 3 Irradiance values of star on a CCD

in astronomical theodolite
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Tab. 4 Irradiance values of background light on a CCD

in astronomical theodolite
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Fig. 6 Star light simulator
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Fig. 9 Stability test results of star light simulator
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