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Estimate and Predict Satellite Clock Error Using Adaptively Robust Sequential

Adjustment with Classified Adaptive Factors Based on Opening Windows
HUANG Guanwen', YANG Yuanxi?, ZHANG Qn!

1. College of Geology Engineering and Geomatics, Chang’ an University, Xi" an 710054, China; 2. China National Administration of
GNSS and Applications, Beijing 100088, China

Abstract: It is proposed that a novel clock error estimation and prediction algorithm—adaptively robust sequential
adjustment with classified ada ptive factors based on opening windows. The mainideas are firstly one dimensional
clock error series are processed to eliminate the gross errors with robust equivalence weight estimation in opening
windows, where adaptive factors are used between windows to reduce the anomaly of clock errors. Secondly, as
for the different satellite clocks, based on their different error characteristics, the classified adaptive factors are
adapted to mitigate the effects form clock outliers. Tests indicate as for the fitting precision and prediction preck
sion, the new proposed algorithm can improve 78. 9% and 60. 4% respectively by comparing with no robust
estimation method. Besides, even for the robust estimation, classified factors method are better than single factor
method, tests show about 4. 3% and 29. 2% inprovement in fitting precision and prediction precision respectively.
Key words: open windows; classified factors; sequential adjustment; adaptively robust;, satellite clock
error; predict
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Fig. 2 Satellite clock phase data series
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Fig.3 Satellite clock frequency data series removed
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Tab. 1 Statistic estimated RMS of clock error at diff erent schemes /s
max min mean RMS
1 2.432 64E 05 — 1. 137 34E-07 2.907 10E 06 8. 893 80E-06
2 1. 047 91E B — 1.060 74E- 08 - 4.61305E 10 2. 742 86E- 09
3 1. 657 34 © — 2.673 54E-09 - 1.079 56E 12 6. 058 13E- 10
4 1. 657 34 9 - 2.524 19E-09 - 3.45059E 11 5.796 75E- 10
2 3 4
Tab.2 Adaptive value of scheme 3 and scheme 4
( 4) ( 4) ( 4) ( 3)
2(0289 0576 ) 1.000 0 1. 000 O 1.000 0 1.000 0
3(057F 0864 ) * 0. 000 0 0.0000 0.000 0 0. 000 0
4( 0865 1152 ) 0. 000 0 0.0000 0.000 0 0. 000 0
5(1153 1440 ) 0. 000 0 0.0000 0.000 0 0. 000 0
6(144F 1728 ) 1.000 0 1. 000 O 0.3474 1.000 0
7(1729 2016 ) 0. 000 0 0.0000 0.000 0 0. 000 0
8(2017 2304 ) 0.1198 1. 000 O 1.000 0 1.000 0
9(2305 2592 ) 0. 000 0 0.0000 0.000 0 0. 000 0
10(2593 2880 ) 1.000 0 0.013 1 0.000 0 1.000 0
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Tab.3 Statistic predicted RMS of clock error at different schemes /s
max min mean RMS
1 — 3.443 58E 05 1. 720 60F- 05 - 2.126 00E 05 2.241 42F-05
2 5.741 07E 08 1.016 21E-08 3.01122E 08 3.303 44F- 08
3 4. 057 08E 08 - 8.053 05F- 10 1. 399 33E 08 1. 845 22F- 08
4 2. 940 48F 08 - 9.913 52F- 10 9. 682 56F 09 1. 307 42F- 08
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Fig.10 Residual of precise clock error at ﬁ%ifﬁk:
different schemes
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