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Abstract: In order to realize the ground calibration tests of star sensors, a ground calibration system of
large field of view and high angular distance between stars’ simulation accuracy was designed, the
composition of calibration system, optical system design and simulation precision were studied. According
star sensors ground calibration requirements the system components was introduced, a method to realize the
angular distance between stars’ simulation precision better than that of 20” was put forward. Using the new
display LCOS as star chart display, the image plane field by splicing methods was expanded, and Zemax
software was used to design the optical system accordingly. On the basis of the original measuring method,
the evaluation method of ground calibration equipment precision was given. And a way was proposed to
improve the angular distance between stars’ simulation accuracy by the method of star correction. The
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experimental results show that the star sensor ground calibration equipment of the angular distance between

stars’ simulation precision is less than 20", meet the star sensor for ground calibration test requirements.
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Fig.1 Schematic layout of star simulator
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Fig.2 Principle diagram of splicing for LCOS
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Tab.1 Technology parameter table of LCOS

Item Value
Resolution 1920x1 920
Contrast 2000:1
Aperture ratio 90%
Pixel size/pm 8.1
Size/mm? 15.552x15.552

Response time/ms <11
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Field curvature Distortion
+ISSTST T P ¢
Poi I e
if 7

—0.47 N\ [
---0.62 \r
e 0,76 '
L J L J
-0.1 0 0.1 -0.05 0 0.05
Millimeters Percent

[ 5 It /g A% it £

Fig.5 Field curvature and distortion

o 1734 51 68 85
Radius from centroid/pm
Pl 6 LAl A o 2
Fig.6 Geometric energy concentration curve

Pupil radius:18.000 0 mm

—0.47
---0.62
— T

-0.05 -0.03 -0.01 0.01 0.03 0.05
Millimeters

(& 7 BR2E RN 022 2k
Fig.7 Spherical aberration and chromatic aberration curve

TS DIFF.LIMIT
TS0.0000°
ii752.100 0°

TS3.500 0°
754.900 0°
'TS7.200 0°

L~ 4
i =2 o0
T T

Modulus of the OTF
[=1
¥}

(=3

06 12 18 24 30 36 42 48 54 60
Spatial frequency/cycles-mm’
Pl 8 I8 il % 2 b H M 2%
Fig.8 MTF curves

3 ERERERERGERSW

FiT T R AR UL AR 1) 07 0K B2 LR [R) A B4 s 1
AR A] A R IO T B A BT AR X R Y
B E AT, OF BT RR S AT A AL A R
HOB(E, A R S E ST AT S IS R A
SN NS = B L R S U E A = N S I
LCOS &+ F A B Ay TR BERR 1, R B2 &
Ge R AURES BRI T 53 IR 22 5 £ 7 T A Tl
WZENR)G, &l —FE XL LCOS 1y W & 4
R B 2 R B IE T L,

S ST (A B I Y AR 9 R R
AMEEWEAEZ RIS AR, B o FR 90 51975



2826 Mgk TR % 42 %
D, B RPN s AN IR AN T A BE RS B, AR A FIS(E, W5 B8 IE A N A ST

2 ) A B R R A% 1 AR ATD o R0 5 57 7 4 6 24 5K (4)
MG JF B 2O 2 2 AR E
f

\/( ftan. ) 2 +(fcosa)?

cosa
sy R R R TE] A F s I B A Al
bRy RS BIARBEAE

i}

Cosy= (4)

=

i
R

e
\

E|
Dusplay interface for LCOS  f

Pl 9 A2 Iia) o S )30 o AE AR R ]

Fig.9 Schematic diagram of angular distance between stars

LCOS LRy~ , @GR N BB IEAA
& 10 s

Ax,.y.)

OGx,y.) Bxy)

P& 10 A (8] £ E A9 & IEAR LR 2R
Fig.10 Diagram of angular distance between stars for correction

simulation

H P P A (X, Ya) T (X, Vo) 28 78 X 107 A S AR
RAOLE LA, A (G) TR AT, (X0, yo) M I AL
0 Ay AL AR, M2 X (6) T 353 M 52 P A 2 18] £ B

- _ ftang
R H4 5 6 1 B (45 50 0 20 s ®)
cosy= azzzzb_cz = (Xo=X0) "+ (Y= Yo) “+F + (Xa=X0) “+ (Va=Y0) +1 2= (Xa=Xp) "~ (Ya=Yb)? (6)

MAZ(4).(5).(6) T T LLE H, B 1] A B AE 1Y
K/NIR FEB YA, IR ATE B B IERT, N & 5 %
e A f 78 LCOS W/R BE AR B 19 /N
R HT T4 AR (R, B 245 0 8] A R (E
T R AR

B IERT, @it LabView #4441 LCOS A #L
HRE R AR R AT W R E] A
AL S B B MR 22 SRS AR IR 2
B 7 W AL R v g o A A, X AR TR AR BB A DX Y
T7EHATEIE AR AR A (7)1 3 F AR AN ] DX ) 52
PRAE, AR 4 28 5 (8) B B 1T 3 45 S5 7E LCOS I X
BE N E WL ; 5, 045 S IR A (4)
T[] 1 2 75 W I ADURG 2
1ata (@)

Y 5
T f g R R XIS B (B 5 o i RS BEAE f
y m A BB A BRI AL ; y oo B 8] £ BE SCPRAEL

X‘A:fﬁyﬁcose yi:fefy&sine ®)

: fu fu

fg\*,:

2V (Xo=X0) + (Vo= Yo) T2 *V/ (Xa=Xo) + (Ya=Yo) *+f 2

K ya MR BISIE; 0 T,

BRI S R N NRAE SEZSUP N
R SIS R 2 (4) T4 B S bR R T
FAMEAE, 5 L RAT 2 2 A A B A R 2= E, W
Lo A R U SR AR R (8] 43 X 5 i, X
f B A7 i Ze 0065 I 51 B T 55 4% 2% L 8 A A 7
B, Hr, 1% 0<R<16, R¥E fEHAEANFFE T
BUE 15 28 I Jr B A =X (9) fr s, Jr B2 484 it
e 11 Fros .,

86.7
86.61
86.5
86.4
g
E 863
=
86.2
86.1F
86.0f
85.9

o 2 4 6 8§ 10 1z 14 16

x/mm

P 11 fE M IE R B A
Fig.11 Coefficient fitting curve of focal length



% 10 #1

FNEEF AR B W@ AR E R & 0 kit

2827

y=-3.540 5¢-008x°+2.996 26 -006x°+
~0.000 107 58x%+0.002 142 7x7-0.026x%+
0.198 92x°-0.958 03x“+2.787 7x°-4.413 6x2+
3.023 3x+240.21 (9)
¥ ERMEIEF RS A LabView Ji, S5eBIE)E
FA B TR () AR I, SO RRE an 2k 2 TR

K2 EERMEEABIRE
Tab.2 Error of angular distance between stars
after correction

Angular Angular
Tzsol?llarOf distance Error distance Error
Star . g between between
. distance value value
point stars before N stars after N
between . 1(") - (")
stars/ (%) correction correction
1(°) 1)
1 2.548 6 25411 27.1410 2.5535 -17.4970
2 2.0599 2.0539 21.4084 2.0638 -14.1480
3 2.905 6 2.8972 30.1446 2.9111 -19.9393
4 1.1041 1.1015 9.2740 1.1062 -7.5879
5 0.6318 0.63 6.607 2 0.633 -4.342 8
6 0.7101 0.708 1 7.3754 0.7115 -4.8809
7 1.2884 1.2812 259312 1.2909 -8.8538
8 0 0 0 0 0
9 1.4319 1.4218 36.4156 1.4346 -9.8391
10 1.5551 15456 34.1477 1.5581 -10.6849
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