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Fig.1 The station clock errors from the Multi-satellite Orbit Determination (Multi-POD) and prediction,

which are used in the fast orbit determination
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Fig.3 The RMS of 1 h prediction for the station clock error
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Fig.4 The RMS of 2 h prediction for the station clock error
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Table 1 The accuracy of station clock error fitting and prediction (unit: ns)

Fitting Prediction for 1h  Prediction for 2 h
Qp PM GM QP PM GM QP PM GM

Station ID

station 1 0.01 0.01 0.02 0.08 0.06 0.05 0.15 0.12 0.09
station 2  0.08 0.06 0.09 032 027 022 060 049 0.34
station3  0.01 0.01 0.02 0.11 0.14 0.07 021 033 0.10
station4  0.34 0.04 061 273 221 3.06 599 498 5.85
station 5 0.27 0.13 076 345 237 396 865 6.17 8.15
station6  0.13 0.05 0.15 035 026 031 073 043 0.66
MEAN 0.14 0.05 0.27 1.17 0.88 1.28 272 2.09 2.53
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Fig.5 The comparison of the precision of fast orbit determination with the application of 1 h station
clock error prediction by different models and the precision of original fast orbit determination with 1 h

extrapolation in the same arc (OP is the original fast orbit determination).
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Fig.6 The comparison of the precision of fast orbit determination with the application of 2 h station
clock error prediction by different models and the precision of original fast orbit determination with 2 h

extrapolation in the same arc
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Table 2 The accuracy for each prediction model used in POD (unit: m)

R 2 BRREATPODRIEE (1AL K)

The accuracy of POD when the 1 h station clock prediction is applied

Satellite ID Radial 5D
QP PM GM (0)5 QP PM GM (0)
Co1 0.748 0.678 0.718 0.783 2.755 2.580 2.610 3.028
C02 0.580 0.545 0.576 0.733 2.115 1913 2.037 2.209
Co03 0.635 0.621 0.614 0.743 5.128 4.983 5.100 5.383
Co4 0.691 0.675 0.688 0.791 6.309 6.175 6.277 6.569
C06 0.621 0.619 0.639 0.696 5.830 5.842 5.776 5.985
Co7 0.813 0.811 0.804 0.857 7.300 7.305 7.214 7.848
Co8 0.726 0.686 0.720 0.763 7.406 7.416 7.450 7.663
C09 0.597 0.597 0.622 0.667 7.256 7.259 7.261 8.170
C10 0.674 0.671 0.680 0.758 6.031 6.032 6.039 6.262
MEAN 0.676 0.656 0.673 0.755 5.570 5.501 5.529 5.902

The accuracy of POD when the 2 h station

clock prediction is applied

Satellite ID Radial 5D
QP PM GM oP QP PM GM oP
Co01 0.818 0.722 0.777 0.890 3.397 3.297 3.170 3.622
C02 0.647 0.572 0.616 0.817 2320 2.206 2.158 2.523
Co03 0.694 0.682 0.705 0.844 5.207 4.943 4.959 5.518
Co4 0.764 0.733 0.784 0.898 6.341 6.400 6.242 6.704
C06 0.652 0.605 0.618 0.727 5900 5.727 5.866 6.350
Cco7 0.859 0.843 0.865 1.021 7.185 7.391 7.469 7.993
Co8 0.739 0.740 0.775 0.864 7.585 7.446 7.522 7.962
C09 0.627 0.629 0.647 0.719 7.63 7.571 7.598 8.561
C10 0.723 0.708 0.722 0.779 6.339 6.063 6.124 6.449
MEAN 0.725 0.693 0.723 0.840 5.767 5.672 5.679 6.187

4 Z5ip

IO AL 2R G 0 It Bk 22 20 790 R I 200 22 T AR AR R o Jo U3 R AR A A Y
BEAT T B 2= TR PR A DI, IR AL SF R G 8E A0 B RO HUE, K PR L hAI TR 2 hif)

Dl o 22 LT LR E B, S50 I0F

(1) 25 F2L AR B0 AR 3l o 22 v 5 A R 5 4 70 W8 RO I R 22, SR P BRSS9 IR R ) b
ZEANE A L R T Ut b 22 RS RS BE A AE0.15 ns AW, ~T-EIL & RE EEIL £10.05 ns.
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(2) 45 00 3 11 ks b 1k B AN I, 00 o A 22 YO MR B O B 1) 386 K T 4 K. R 2k 2
QAR TR, PR R U TR Y AR E R TR S 64N 0 35 TR AR L ) ST 240K 40 1 N 1.17 s,
0.88 ns. 1.28 ns; Fik2 hif) k5 E 351 N2.72 ns. 2.09 ns. 2.53 ns. M T 35 (1) F1)
K& BESR T, R FH B ) A T 28 2 SR 4

(3) K AT TR 1 Wit 22 &5 R o i T e B, SR 8 AR ) kG B P38 B 22 /N T
2 cm; K BT Wit Bl 22 25 Ry T e B, SR e SR R B P 22N T
3 em. R4 FEER B K F PR 0 R A TR AR 87 T B R e LR O B, TRk by 2 h
FH T SRS A OS5 R0 B R S UL TE TR AR ()RS B 23 3R T 1 13.08%-  17.53%, 34ERGE
SR TE T 6.80% 8.33%.
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Comparison of BDS Station Clock Error Short-term
Prediction Models and the Application in Fast Orbit
Determination

CHEN Qian'?  CHEN Jun-ping® YU Chao'? ZHANG Yi-ze!*

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 School of Astronomy and Space Science, University of Chinese Academy of Sciences,
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(4 Department of Maritime System Engineering, Tokyo University of Marine Science and Technology,
Tokyo 1858583)

Asstract BDS (BeiDou Navigation Satellite System) ground tracking stations are
equipped with high accuracy atomic clocks, and they are synchronized with the BDS
time scale (BDT) via the Precise Orbit Determination (POD) processing. During the
periods of satellite maneuver and post-maneuver, station clocks are kept fixed as known
values in the POD processing. To improve the real-time POD capability, station clocks
need to be predicted. In this paper, the performance of three clock prediction models are
evaluated, including quadratic polynomial model (QP), periodical term model (PM),
and grey model (GM). The precision of clock fitting and prediction, as well as the
performance of the prediction models in POD are compared. Data of six stations
are used for test, and the results show that: the mean fitting accuracy of quadratic
polynomial model, periodical term model, and grey model are 0.14 ns, 0.05 ns, 0.27 ns,
respectively; the 1 h and 2 h prediction precision of the three models are 1.17 ns, 0.88 ns,
1.28 ns, and 2.72 ns, 2.09 ns, 2.53 ns, respectively. Applying the 1 h and 2 h predicted
station clocks in the POD, the 3D orbit accuracy reaches the best using the periodical
term model, while the radial accuracy of satellite orbit is rather close for the three
models with the difference within 3 cm.

Key words clock error prediction, spectrum analysis, periodical term model, orbit
determination
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