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Design of CCD star map simulator and its validation
GUO Jng-ming”~, WEI Zhong-hui’, HE Xin', ZHANG Lei’

(1. Changchun Ingitute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China;
2. Graduate Uniwerdty of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: In order to test the identification algorithims for a star map and evaluate the performance of a star
sensor, a CCD star map simulator was proposed and the star map simulation software wes dewveloped in this pa-
per. The system used a high-resolution display device and a parallel light tube to simulate the parallel light of
an infinite distance to obtain the high quality star map. The validation on star map by an attitude determination
algorithm was also presented. By calculating the attitude angles for three stars nore accurately, more than 100
star maps were analyzed. The results indicate that the positioning accuracy has reached 98. 1% . The designed
simulator has been used in a practical operation, the experimental results show that it can offer good informa-
tion for verifying star map identification algorithm and evaluating star sensor performance, and it also can
shorten the development cycle.
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Fig. 1 Principle of CCD star map simulator
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Fig.3 Star map
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Fig. 2 Flow chart of star map simulation software C, =G, - 360°
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1
Tab.1l Data of random star map

( : 239.904 7°, - 38.219 8°)
( 30.0 mm, 7.5° x7.5°, 90.0°)
1( °) 1(°) X/ mm Y/mm
248 240.030 4 - 38.39%6 9 3.41 - 0.927 8 0.5159
276 240.850 8 - 38.602 5 4.89 -2.0237 3.8717
313 241.647 9 - 36.802 2 4.23 7.357 2 7.3117
( -1 T )
248 240.042 9 - 38.400 8 3.41 -0.948 3 0.567 2
276 240. 846 9 - 38.599 4 4.89 -2.007 4 3.8559
313 241.651 0 - 36.786 5 4.23 7.438 9 7.326 2
4(a) ; 4(b) 2.2
’ ( _ 1! 1!)

4(c) ,

5x5 : 0.45 pixel; 4(d) :

1 5 ] 1 y 5 10 y ;

2 , 10 3 1
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(a) J R ALIE (b) VRIS P gt
(a) Original star map (b) With position noise

() VRN A e (d) WA =
(¢) With point spread noise (d) With stars and clouds

4 5
Fig.4 Origin star map and noisy star maps Fig.5 Parallal optical pipe of star simulator
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W =[w w Wi] 2 n
5 : (7)
V=[wnWw W] s n
Tab.2 Optical parameters of star simulator N
MM’ = I
30 mm M,
100 x 100
15° x15° '
< 0.05% R
> 0.4@ 50 Ip/mm
XR) = % a |w-R V. (8)
k=1
3
TRIAD  QUEST
E [9] )\Ot
, J
(7) Aopt = @ Ok - J, Ox > 0. (9)
k=1
p=q/g =a tand 2, [(Ay +0)I- 8- p=2, (10)
S=B+B',B = (W W), o= traceB)
k=1
Z = [st - B32 le - Bl3 Blz - le]y
W, =1/ % +y, +f[x yi - f], (11)
Vi = [ cosCJcosCW;, sinCJcosCW, sinCW].
, M
1-2(G +0G) 2(%0 +0G) 2(0h0 - G0)
M= 2(q - G:G) 1-2(c +6G) 2(GG +qo) - (12)
20000 + GG) 2(00 - GG) 1-2(G +0)
(12)
a =arctanf M(7) M(6)], d =- arcsin[ M(8) ], k = arctan[ M(2) M(5)] . (13)
3.2 3 ,XY CCD
QUEST , 3, CCD
QUEST , 3
, (576,611, 620) 4 (576, 611, 620, 622) 5
- o (576, 611, 620, 622, 649) 6 (576, 611,
, 6 620,622, 649, 652) , ( 3 4)
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Fig. 6 Flow chart of validation for attitude determination algorithm

3
Tab.3 CCD star map of simulation

( : 134.015 3°, 68. 998 9°)

( 30.0 mm, 7.5° x7.5°, 60.0°)

I(°) I( °) X/ mm Y/mm
576 130. 053 3 64.327 7 4. 60 ~1.6721 -2.0215
611 135. 636 2 67.629 7 4.76 - 0.790 4 - 0.077 7
620 137. 596 6 67.134 7 4. 80 - 1.209 4 0.155 6
622 137.729 5 63.513 6 4. 67 - 2.9515 - 0.683 4
649 142.882 0 63.061 9 3. 67 - 3.6836 0.346 0
652 143.620 4 69. 830 2 4.56 -0.374 9 1.809 7
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Tab.4 Validation results
¢ °) IC°) ¢ °)
3 (576, 611,620) 134.018 7 69. 005 2 60. 004 8
4 (576, 611,620,622) 134.014 4 69.004 4 59.997 2
5 (576, 611,620,622, 649) 134.012 4 69. 005 8 59.997 4
6 (576, 611,620,622, 649, 652) 134.014 6 69.003 0 59.998 1
! ’ [ 11]
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