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Use of QUAD Method for GPS-based Orbit
Determination of LEOs
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Abstract Kalman filtering technique can be used as optimal estimation of motion state of a LEO
(Low-Earth-Orbiter); it can be applied directly to real time Orbit Determination (OD), or to Precise
Orbit Determination (POD) with post-processing mode. The OD accuracy using Kalman filters
depends on a priori knowledge of system models, noise statistics, especially quality of observations
from onboard GPS receiver on LEO. When using Kalman filtering technique for GPS-based OD of
LEOs, the gross errors in observation equation must be well dealt with firstly. Having analyzed
the characteristics of solving gross errors in pervious methods, QUasi-Accurate Detection (QUAD)
of gross errors method has been employed to detect and correct gross errors in observations. The
advantages of this method are: accuracy rate of detecting gross errors is high; multiple gross errors
can be detected at the same time. In addition, UD decomposition technique and Sage adaptive filter

are employed to overcome the instability of numerical value computation and divergence of filter that
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properly occurred. At last, a simulation example of CHAMP satellite is used to demonstrate the

feasibility and validity of new method presented in this paper.
Key words GPS-based, Orbit determination for LEOs, Kalman filter, QUAD
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Table 1 The statistics of simulated gross errors
L 100/5 200/1 250/4 300/3 400/6 450/7 600/1 €50/2 700/4 800/1
m /R
#l# /m 10 5 8 12 4 30 10 12 15 20
8 -
& £ 2
S
> > N
= = =
-8 L L -8 | L L -8 L
0 250 500 750 1000 0 250 300 750 1000 0 250 500 750 1000
Birx hit ibH
(a) (b) (c)
B1 BA&EmN UD Skl Ensg R
Fig.1. The OD results obtained by adaptive UD decomposition filter
4 = 4 —
£ £ £
< > N
- - =
S B S B S I AL BN BN BN B B B L B
0 250 500 750 1000 0 250 500 750 1000 0 250 500 750 1000
Bt i 5T hit
(a) (b) (c)

B2 fERRRIREEHRL R

Fig.2.

The OD results obtained by Robust Kalman filter
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