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Research on star points position analysis and simulation technology
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Abstract: The traditional star points position error testing method cannot be applied to infrared star simulators. To address this issue, a
new method for star points position analysis, simulation and test of infrared star simulators is proposed. Combined with the traditional star
points position testing method of star simulator, the influence of aberration on star points position simulators is analyzed. The theoretical
model of aberration and star points position simulation is formulated. Through error fitting the theoretical relationship that good image
quality represents small single star points position error is analyzed. According to the docking mode of star simulator and star sensor, a
visible and infrared light dual configuration collimating optical system with large exit pupil distance and an external position is designed,
which could make the image quality of infrared band better than that of visible band. The accuracy of the theoretical model is evaluated
by theodolite measurement. The actual measurement results show that the single star position error in visible band is better than
+13. 65", It indirectly realizes the single star position error in infrared band better than +13. 65"

Keywords :infrared star simulator; dual-band collimating optical system; single star position error
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(a) Structure diagram of the infrared star simulator.
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(b) Object picture of the infrared star simulator.
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Table 1 Technical indicators of the infrared star simulator
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Table 2 Design indexes of the optical system
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Fig.2 Optical path diagram of the collimating optical system
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Fig.3 Infrared band MTF curve chart
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Fig. 4  Visible light band MTF curve chart

— )

s jia?,m]a TT m??

'y .

|kl um

// i 0.900

[/ |k 1.200

I/ ff‘i 1.700

[./ //

-0.10 0 010 -002 0 0.02

mm %

K5 2050 Bes 5 i s fh 2k
Fig.5 Field curvature and distortion curve chart of
infrared band

3.2 BEMBREMEIRENM

UG R LN AR I 2 A B RUS E
ANTRIBER ) AR T B B AN R, oK B e R ) B2 7
REIIR/N, R 3 R MB 22X R A B i Z A
(D) ~ (7) IR AR 22 R0 2 BRI AN 4
N JEIT ST LLAME BT B B B R 22/ N TR L
TP BT RIS HAT T R A R R

0.04 0.08 0.12 0.16 0.20
mm

7 LA Bk 2E S t2E Mk

Fig.7 Chromatic aberration curve charts of infrared band
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Fig. 8 Chromatic aberration curve charts of visible light band
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Table 3 Star point deviation caused by various aberrations mm
BB R B3R % il W A% (ACRuR ffR e
215 0. 000 64 -0. 000 006 0. 000 033 0. 000 066 -0. 000 409 -0. 000 347
AT, 0. 000 75 -0. 000 064 0. 000 045 0. 000 105 -0. 000 454 —-0. 000 414
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Table 4 Effects of various aberrations on star position

"
= Ab, Ab, Af, Ab, A6
L4 0.0124  0.1363  0.0682 0.7169  0.7330
"L 0.1330  0.2178  0.0933  0.8586 0.900 5

AN, 525 nm JEBE T 19 RMS 242K TF 660 nm I EL,
PO IR R 660 nm U7 1 B G BT A T R K R
525 nm ARG TR, R LA 3 FlOEIE R AR R K
(ELEATE —30) B AL S AT I, BRI A B 5 00 A R
M ZE(E I B 6 B 22, MRS SRR 5~7 PR,
3ANEEBET, DK R 525 nm G TR I 4 BA R A 1R
F M £13. 65", LI K N 660 nm G I I A9 2R A7
22 R +8. 98", 3 ME BRI, HhL KA 660 nm S
U5 G U, R B IR 2 /N, 2T

W0 © MJTE:0.300 0°  4THi:0.500 0 ° :E

e o @

f41H1:0.000 mm 441H:0.533 mm {41 :0.889 mm
MITE:0.707 0°  #JH:0.8500°  #ITE:1.000 0

® & ©

f1E:1.257 mm 44T :1.512 mm #1H:1.779 mm

SO
o =%
[=T=10"}

2
2
6!

m|: &\

2022/7/3
YR pn. EFRIGLTIRIC
1 2

]

Zemax

Zemax OpticStudio 18.9
Wa 4 H 6
RMS¥4Z @ 33.113  33.581 34.137 34.944 35.391 35.468
GEOHZ : 46.268 49.219 51.707 53.367 52.737 51.699
SR 200 8% &

B9 K 525,620,660 nm [ 1551 &
Fig. 9 Spot Diagram with wavelengths of 525, 620, and 660 nm
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Table 5 Single star position error test of 525 nm light source

RS DKM/ (") BLSMEE/(7)  REMERE/(Y)
1 2029.47 2022.73 6.74
2 1202.22 1188.57 13.65
4 1713.60 1703.52 10. 08
5 1 403.20 1 398. 80 4.40
6 2076.77 2 064. 67 12. 10

&6 620 nm XRBEMEIRENIK
Table 6 Single star position error test of 620 nm light source

BEFS WM/ (") BRI/ () BEAERE/ ()
1 2014.34 2022.73 -8.39
2 1 200. 8 1188.57 12.23
4 1716.85 1703. 52 13.33
5 1 390. 44 1 398.80 -8.36
6 2 066.25 2 064. 67 1.58
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Table 7 Single star position error test of 660 nm light source

RS DKM/ () BLeMER/ (7)) REMERE/(Y)
1 2031.05 2022.73 8.32
2 1188.57 1188.57 0
4 1712.50 1703.52 8.98
5 1 406. 89 1 398. 80 8.09
6 2 067.79 2 064. 67 3.12
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