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Analysis of filtering methods for satellite celestial navigation
NING Xiao-lin, MA Xin

(School of Instrumentation Science and Opto-Electronics Engineering, Beijing University of
Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The filtering method becomes the most important factor affecting the navigation accuracy and time-
consumption, whenever the accuracy of sensors can not be improved anymore. In satellite navigation, the extended Kalman
filter(EKF), unscented Kalman filter(UKF) and unscented particle filter(UPF) are the three widely used filtering methods.
The performance of the system based on these three methods under different conditions is analyzed. Hardware-in-loop tests
show that in the same condition, the UPF provides the highest navigation performance but requires the most computation;
meanwhile the EKF gives the lowest navigation performance but needs the least computation. The conclusions drown by

this study are useful in the design and analysis of autonomous navigation system of satellites.
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Fig. 1 Diagram of directly sensing horizon celestial

measurement.
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3.2 Unscented K /K 2 J8 ¥ (Unscented Kalman
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Fig.2 Block diagram of the celestial navigation hardware-in-loop simulator platform.
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Fig. 3 Navigation performances of three different filter periods.
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Table 1 Navigation precision of three different filter periods
S 2 S A4S L 2 S & P e L
e I JEBCSUE 1141 72 DB R B iR 72
frE/m  HE/(m-s™h) E/MmM o/ (n s
EKF 181.1141 0.1700 731.3966 0.6570
T=3s UKF 150.2162 0.1444 540.5632 0.5472
UPF 135.7285 0.1432 489.9312 0.5287
EKF 646.1042 0.5844 2967.5 2.3047
T=30s UKF 23809116 0.2330 684.4990 0.6246
UPF 193.9783 0.1897 547.5536 0.5434
EKF 1792.1 1.8340 7235.5 6.6416
T=60s UKF  338.5030 0.3355 1127.6 1.0432
UPF 305.7217 0.3270 1007.1 1.0186
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Fig. 4 Navigation performances of three different noise distributions

4.4 3% J7 k1) vF B B (Computation cost of three
methods)
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Table 2 Navigation precision of three different noise distributions

W A TP ISR P30 22 PEPR ST 1 B KR 22
frE/m  BHE/(m-s™Y)  fLE/m #E/(m-sTh)
EKF  374.3222 0.3331 1235.8 1.1195
IEXRSA UKF 217.3204 0.2089 540.5632 0.4631
UPF  198.7682 0.2015 534.8064 0.4598
EKF  223.1578 0.2362 533.4111 0.5328
L3 Aii UKF  194.2001 0.1849 528.8101 0.4195
UPF  187.3548 0.1846 519.1896 0.4133
EKF  294.0916 0.2881 629.9934 0.7346
Y234 UKFE  205.4600 0.2007 527.5990 0.4219
UPF  197.3377 0.1919 501.2496 0.4146

A3 3Rk R EE IR

Table 3 Comparison of computation cost of three filtering methods
1 = jl‘ - . Y —
ek kil LR
F ik F xR TSI 1)/
EKF Crxr =3n3+3n% +4n Chycp =6n2+4n 1.5
UKF Cukr=2n34+12n°+14n +5 Clgp=2n>+12n?4+14n+5 3.5

UPF(ChE 1 $=20)

Cupr =HRL M- Cukr
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