41 1
Vol.41 No.1 Infrared and Laser Engineering

2012 1
Jan. 2012

q.

2. 200233)

150001

: TH74 : A : 1007-2276(2012)01-0190-06

Autonomous star tracking algorithm with high dynamic spacecraft
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Abstract: The number of pixels scanned in star image can be large with conventional star tracking

algorithm under large maneuvering of the vehicle. The feasibility of irrelevant star within threshold scan

windows 1is increased. And the number of calculating angular separation between two stars is increased.

This results in the decreasing of the update rate of star sensor. Therefore, the feasibility of error stars

from star image is increased. Above all, an autonomous star tracking algorithm with high angle velocity

was presented in this paper. Firstly, the next frame potential attitude was estimated according to previous

attitudes. Secondly, the next frame ideal star centriodings of stars in FOV was calculated according to the

potential attitude. Finally, all the real star centriodings would be obtained within the threshold scan

windows of the ideal star centriodings. This algorithm can not only improve update rate of star sensor,

but also avoid fault star pattern recognition. At last, the algorithm was tested by simulation and night sky

experiment. The algorithm will be applied star sensor of satellite GNC.
Key words: celestial navigation; star sensor; star tracking algorithm;

predictive star centroiding algorithm
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Fig.1 Process of autonomous star tracking algorithm
with high angle velocity
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Tab.1 Predictive quaternion of star sensor with 0.95 (°)/s at time T\+AT

Quaternion (g=gqui+qyj+g:k+q;)

Quaternion at 7; (=0.346 983 134 7, 0.861 876 0109, —-0.356 333 077 0, —0.098 991 133 3)

Quaternion at 7+AT (=0.354 039 460 4, 0.859 045922 8, —0.357 087 830 4, —0.095 835 015 2)

Predictive quaternion at T,+2AT (=0.361 071614 8, 0.856 157 186 3, —0.357 818 304 7, —0.092 672 354 5)

Real quaternion at 7,+2AT (=0.360 897988 1, 0.856 160 521 5, —0.357 910 424 5, —0.092 961 743 5)

2 ( : )
Tab.2 Predictive star locations in star image with 0.95 (°)/s at time 7T,+AT (Unit:pixel)

Stellar locations (x,y) at T\+AT

Predictive stellar centroiding (x,y) at T,+2AT

Real stellar centroiding (x,y) at T\+2AT

(503.235,235.880)
(490.709,384.017)
(482.841,227.724)
(494.896,354.509)
(46.595,348.423)
(225.671,473.243)
(253.386,343.171)

(476.670,257.318)
(463.396,399.097)
(456.549,249.385)
(467.477,370.804)
(24.346,361.163)
(200.087,482.409)
(229.031,358.116)

(480.813,252.017)
(469.373,400.301)
(460.348,244.054)
(473.317,370.569)
(24.933,367.639)
(204.832,491.301)
(231.711,361.007)
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3 0.95 (°)/s

Tab.3 The number of scanning pixels while obtaining star locations with 0.95 (°)/s

Algorithm The number of scanning pixels
Conventional star tracking algorithm 252 00
Algorithm in this paper 1575
4 2.25(°)/s

Tab.4 Predictive quaternion of star sensor with 2.25 (°)/s at time T,+AT

Quaternion (g=qii+qyj+q:k+qs)

Quaternion at 7 (=0.424 513 220 8, 0.826 667 845 2, —0.363 393 873 0, —=0.065 983 951 1)

Quaternion at 77+AT (=0.440 430 253 7, 0.818 190 276 6, —0.364 842 027 4, —=0.058 961 018 9)

Predictive quaternion at T\+2AT (=0.456 181 490 4, 0.809 404 698 1, —0.366 152 837 3, —0.051 915 889 10)

Real quaternion at 7,+2AT (=0.457 248 389 7, 0.808 919 727 8, —=0.365 964 412 7, —=0.051 408 078 5)

5 ( : )
Tab.5 Predictive star locations in star image with 2.25 (°)/s at time 7\+AT (Unit:pixel)

Stellar locations (x,y) at T,+AT Predictive stellar centroiding (x,y) at T,+2AT Real stellar centroiding (x,y) at 7\+2AT

(511.185,214.421)
(530.526,478.353)
(591.886,350.477)
(86.001,216.747)
(513.089,362.820)
(516.825,310.486)

(453.189,256.533)
(494..269,208.900)
(536.395,390.908)
(28.109,265.984)
(457.843,404.777)
(460.615,352.352)

(452.993,256.740)
(494.368,211.963)
(533.220,386.706)
(33.080,259.263)
(455.418,398.858)
(458.832,353.559)

6 2.25 (°)/s

Tab.6 The number of scanning pixels while obtaining star locations with 2.25 (°)/s

Algorithm The number of scanning pixels
Conventional star tracking algorithm 135 000
Algorithm in this paper 1350
2.2 , 3 °
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Fig.3 Test results of night sky experiment with 2.217 (°)/s
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