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Key techniques of star sensors for celestial navigation

LI Bao-hua, LIU Guo-liang, LLIU Rui, WANG Chang-hong

(Space Control and Inertial Technology Research Center , Harbin Institute o f
Technology, Harbin 150001, China)

Abstract: Star sensors may work in star tracking cases and predictive centroiding algorithm cases when
it has sufficient attitude knowledge, which not only can increase the update rates of star sensors, but
also can improve recognition performance. A novel star tracking algorithm for a star sensor with a
large angle manoeuver is presented to avoid disadvantages of classic star tracking algorithms. In order
to decrease noise errors of the star sensor, the filtering algorithms for star images and star locations
are presented. The experimental results show that the star locations are obtained in the threshold scan
window 10 pixel X 10 pixel in the star image and the attitude accuracy of the star sensor is improved by
5" in the star image filtered by C-L wavelet, when the spacecrafts are rolled with a angle velocity of 2.
25°/s. These algorithms are tested at night sky experiments in 2007 and in 2008 and will be used in
the attitude control system of a satellite in 2009.
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Fig. 1 Test results of night sky experiment
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Tab.1 Predictive quaternion of star sensor

with 0. 95°/s at time ¢, + At

PICHE (g=qo Xitq Xjt+q Xk+gs)

4 B2 (—0.346 983 134 7, 0. 861 876 010 9,
TS —0.356 333 077 0, —0.098 991 133 3)

ti At BFZ (—0.354 039 460 4, 0.859 045 922 8,
B SA —0.357 087 880 4, —0.095 835 015 2)
n+2A: BF % (—0.361 071 614 8, 0. 856 157 186 3,
%A —0.357 818 304 7, —0.092 672 354 5)
n+2Ac BFZ (—0.360 897 988 1, 0. 856 160 521 5,
SCPRSEA —0.357 910 424 5, —0.092 961 743 5)
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Tab. 2 Predictive star locations in star image with

0.95°/s at time #; + At

pixels

6o 2 R
ABR (0 y)

200 B 20 B0

¢y 200 %) 52 bR
BAZ A HR (25 y)

(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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Tab. 3 Predictive quaternion of star sensor

with 2. 25%/s at time ¢, + At

PUICE (g=qo Xitq Xj+q, Xk+qs)

4 BFZE . (—0.424 513 220 8, 0. 826 667 845 2,
B —0.363 393 873 0, —0.065 983 951 1)

H+ACEEZ S (—0.440 430 253 7, 0. 818 190 276 6,
B —0.364 842 027 4,—0.058 961 018 9)
t 20 B (—0.456 181 490 4, 0.809 404 698 1,
WA —0.366 152 837 3, —0.051 915 889 10)
fn+2Ac IFZ] (—0.457 248 389 7, 0. 808 919 727 8,
SIpRYEAE —0.365 964 412 7, —0.051 408 078 5)
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Tab. 4 Predictive star locations in star image with 2. 25°/s

at time ¢, + Ar pixels
1+ A %) fF2A 2T 2 240 B2 S BR
BB (2, y) BEBRARR (. y) BERBRARR(x.y)

(511.185,214.421) (453.189,256.533) (452.993,256. 740)
(530,526,478, 353) (494.269,208.900) (494.368,211.963)
(591. 886,350.477) (536.395,390.908) (533.220,386.706)
(86.001,216.747) (28.109,265.984) (33.080,259.263)
(513.089,362.820) (457.843,404.777) (455.418,398. 858)
(516. 825,310, 486) (460.615,352.352) (458.832.353.559)
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Fig. 2 Process of CL wavelet transform for star image
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