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Abstract In this paper, in order to solve the problem that the existing star simulators cannot simulate the sky background
change, a star simulator with variable background is proposed to test the performance of the star sensor. Off-axis reflection
collimating optical system is designed, by introducing a semi-inverse semi-lens in the main optical path to produce two
conjugate focal planes, the star-point reticule and the stray diaphragm are illuminated by two integrating spheres in the
stellar source simulator and the background source simulator, respectively. Real-time monitoring of the irradiance at the
outlet of the integrating sphere, and the output power of the light source can be controlled according to the needs of star
and background brightness. After the two beams merge, they become parallel light through the collimating optical system
and are finally received by the star sensor, thus realizing the simulation of stars with variable starry sky background and
apparent magnitude. The test results show that the apparent magnitude of the system can be adjusted continuously from
—2.00-6.00, the apparent magnitude simulation accuracy is 0. 30, and the uniformity of the background light source is
97.3%. The system can well simulate the background changes of stars when the star sensor is running, and can effectively
improve the performance test accuracy of the star sensor.
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Fig. 1 Schematic diagram of the test system
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Fig. 2 Model of star sensor performance test system with adjustable background

PR A BT AT 2 i G VR AR 40 BR A e R K RN 34 )
P RO BR P BEAT 25— o5 A0 6 R R AR PR oA 45 05 £
YR T RS F] BIVEL S BR Y 45 o5 7R 4 IR A b v
JE SR TR RN AT BR B R S AR R R o T
JFEH
FUrBR B IF 1 e A R
An+ A
fziAﬂ“ , (1)
K AL = drr® B BR N BE BT AR - M BR 1242
An HASE TR A S EM A, LRI H
Ji B3 BR 1 S B P S T AR AT R
A=A,— (A, +A)=01—F)Au. (2)
TR ER 9 BE_EAT 35 05 M AL B 4 B8R T 7R 0

pL
E="—, 3
A (3)

o g BRI BRSOG4 B 48 G 65 0 O P BE TR R
f S B BRI R T e A — RS I R R U s
B G T ) . AT 53 3R R

Ag— Ay — A

¢= . po=(1—f)gp.

p.=e'(1-1) - (4)
AR 0 BR G S 3 g, oA H P9 BE 22 8 R YOt
a2, nTE R R
pa=go(1—f oo’ (1—f) +-tgo(1—f)'=

1=e(1=1)] _ eo(1-)
1=p(1=/)  1=0(1-f)
L p(1—f)<1.[p(1—7)] <1. AT L%,
3 (5) 1 85 R4rE K AR 23 3K 5ol i A 1R 1 5 A 5
JEAE R BR PN BE B B S YRR 5%, B OB 22, B
BRI SRR B . BUTER D D AR R AR IR B B, AT 3R
|

eo(1—/) , (5)

e eo(1-) _ e
Y p(1f)rAN(1— ) mA
—r (6)
1—p(1—1)
S =R BRI B & YR
1—p(1—f)

B, R, R B BRI R AR S . BT F
AN TE)JF T EG T B 3K P BE 22 YR S5 PR AR B 9 B e J2 J
BPRE LR 3FTR . W] LA B, B ER B IF O 1
5 BE VR 2 RO AR B 29 B RN BE VR 2 1Y
AR A& TT F LGB/ AR BR AR M ol AR
K A BE 14 22 U B VBRSOl 10<<0<C30, 2kt
AR S RO R DN { WA M | R R 7 S
0.3~2. 0 pm BB AT B w5 80 S 5 U Rk 1] 4% g Bt
R IFH L f=2% , WEEWR 2 RT3 0=0. 95,

}.00“ ™~ f=1% L ]
o 1=2%
o f=5%
80 L 10w
> F=20% J
gaf e/
-
LI
40 'I L]
20 I:.. e
".{. A““
l!!l&ll"‘ v
0 | S3EEEESSS55500000000
090 092 094 096 098 100
P

B3 B4Rk AR AOR ih 28

Fig. 3 Irradiation efficiency curve of the integrating sphere
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Table 1 Main parameters of the optical system

Technical index Index requirement

Apparent magnitude —2.00-6.00
Background intensity range /(cd-m ") 0-15000
Background light uniformity /% 90
Focal length £/ /mm 3000
Field of view /(%) 0.5
Effective aperture @ /mm 250
Spectral range /pm 0.3-2.0

3.1 BEEEFRFEHSHW

1 FLE 2 AR G0 BT R H AR R I BLTE B
, HEOR RGLHA IHOLIRER RSB B, 4ot &
SR BTN T —EMEE . RO RGN R
SERAT B ROt A5k 3 G SO A 25 R R B X
D ST E R

D Rg0e R4

B FOt 2 2 B8 H R T i 3 a AR s E LK
R SCE I 5, FLAE U A B 7 A 8 22 HLUAE B B
R ALAR Gl TR B AR SO Rt R G, Y
AL R GE b Y B B TR AT Ry X 4 T A

$£59% F23H/2022F 12 B/ ¥ EXETEHE

e AR BRI, 358 BA IS 1Y R S TR AT LLUAR G b A% E
RO R ek 25 o H E AR BRI\ Ay n TR
e 2R B S R R SO 2R R G 2 R R T AN
W . RS EE M AR RGN
S B R Bl A5 25 2 2RI, PR s 8 KO 2
S5k HEE e /N 330 LN 5 2 &R S8 A X B AR
KB, HXTFLAR 3 & S 8O E R RN &
Gtg 22 WEAK AR T i, I s 3 SOk 2R 450 HaE T
N AR

2) EHFHANFRG

25 5 2O 2 R G0 0 R D B 2 R AT 5
B LY 25 K A WLy B RIS A5 G548 o 43 15 4 T LA
TN A R AR T FLAR A B R ) 3 L DN % R B A R
[l B Al DR IEBR 22 (025 . XU & S ) 6t nl LU
TEBR2E 822 RN T X5 B B SURE G B 2 ) 5 1Y
Sl AR ARG T 7 Ll HL G O EE B REB RN B
PO RGN AR Z B AR R T BRI, O AR AR R
RK o M5 RGeS 6 B T8, o T AN [ 3 B
BEAERFEMOBAR, ENREHEAERRNEE, N
TRIERGNGE, FENCFREHITE LR
FH R P B 35 04 RE T RRUST 18 R o 8 2
I TR K HLA A% B 5

3) Yok R G

Pr B2 F G005 BRI R AR S SR ME L i AT
SouiF IR RENE AR I ok I Bk 2% . (H T B e 2 R
FIRE A A BR A1, LA 37 AR G 11 42 [R) R AS R 14 11 A5 1R
Ko FH O 2 Gxt il AME 22 98 F7 4% 1E F 228 o)
() — A3 E WA | PEAT B IE I 43 72 A — i TR M, LBl %5
AFXTFL AR R 37 19 16 T, A5 o kA, 2 3% T ALK, 3
JERE 5 2 X T 55 6O IR R G OGO IR R g R AR W ™
H
3.2 HEEXFRZMEIT

BN R i WO R( A e 5 Bvik T
HeF a5 o R O R G40 o [ b s G =X B il
SRR o Rl R O 2 Ak B e
15 1T B 25 50 P 3 IR, (0 H RS O il 5 o Dk
REMOCHITE A AR TR R 5 B 5l R 2O 25 0 3 Bk
Tt BB A R 1) Hh O S ) R AEL S B 1
il LA KA R A 22 | RIS 23 51 & AR 22 = 1)
B, HXE LA A IE

1) [ 6 R G it

)4l o BG4 RGO EE AN ] 5 TR o i DG
2 RGO N R B 7 A S A T T SC B
FEHR AR

2) BHEhE R R G R

BN EDGE RGO RN E 6 s . HEEDE
2R GOG B H RVRE I B aE R 7 AR B A 1 T
THERM AR

2322001-4



$£59% F238/2022F 12 B/HEXBETFEHE

wave front Py IO

’

secondary mirror

semireflective mirror ' { p——— I

background plate

I

3D LAYOUT

THU Jum 21 2018
SRnotpiete
CONFIGURATION 1| OF 1

IS5 [l EDG 2 R E5H o () e RGTIEEH 5 (b) L B 1A

Fig. 5 Structure of the coaxial collimating optical system. (a) Structure of the optical system; (b) optical path diagram
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Fig. 11 Field curvature and aberration curves. (a) Coaxial collimation optical system; (b) off-axis collimation optical system
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Table 2 Test results of apparent magnitude simulation accuracy
Theoretical apparent Theoretical Measured Measured apparent Error of apparent

magnitude irradiance /Ix irradiance /Ix magnitude magnitude
—2.00 1.67X10°° 1.43X107° —1.83 —0.17
—1.00 6.66X10° 6.86x10 ° —1.03 +0.03
0.00 2.65X10°° 2.54X10°° +0.05 —0.05
1.00 1.05X107° 9.87X107" +1.07 —0.07
2.00 4.20X10°7 3.18X1077 +2.30 —0.30
3.00 1.67X107" 1.76 1077 +2.94 +0.06
4.00 6.66X10°° 6.43X10°° +4.04 —0.04
5.00 2.65X10°° 2.49X10°° +5.07 —0.07
6. 00 1.05%107° 8.73X107° +6.21 —0.21
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Fig. 14 Test of background light irradiance uniformity. (a) Test method; (b) test equipment; (c) test results
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