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Abstract: Objectives: The nonlinear characteristics of satellite clock offset sequences are complex. To ef~
fectively separate the correction error of the periodic term while accounting for non—functionalized factors
and improving the accuracy of clock bias prediction, this study extends the clock error periodic term model
to a semi—parametric clock error model. Methods: By employing the kernel estimation method, both the
window width parameter and parameter solution of the kernel function are comprehensively considered, re-
sulting in the establishment of a semi-parametric varying coefficient model. First, the kernel estimation
method is introduced, and the parameter components are modified by Taylor expansion. By synthesizing
the kernel function and window width parameters, the parameters and periodic term correction estimates of

the semi—parametric varying coefficient model are obtained via a three—step estimation method. Then,
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score test statistics are constructed to detect outliers, and an outlier identification method is proposed for
the semi-parametric varying coefficient clock difference prediction model with periodic correction. Finally,
to avoid over—fitting or under—fitting of the observed values, a support vector machine is used to further fit
the pre—processed clock residual data, thereby improving the model’s fitting and prediction accuracy. The
reliability of the proposed model is verified by comparing BDS—-3 satellite clock difference data with conven-
tional methods. Results: Experimental results show that the proposed model can accurately and efficiently
determine the constant value of the BeiDou-3 global navigation satellite system (BDS-3) clock difference,
identify and separate periodic term corrections, and significantly improve the quality and efficiency of Bei-
Dou navigation satellite system clock difference data preprocessing. The prediction accuracy of the pro-
posed combined forecast model surpasses that of the traditional quadratic polynomial model, periodic term
model, and semi—parametric model. For 1 h, 6 h, and 12 h forecasts, the average prediction accuracy for
BDS-3 satellite clock difference data is better than 0.164 ns. Conclusions: The proposed model provides a
high level of precision and efficiency in preprocessing and predicting BDS-3 satellite clock difference data.
It demonstrates superior performance compared to traditional models and offers significant potential for
broader applications in satellite clock offset prediction tasks.

Key words: BDS clock error; outliers; semi-parametric varying coefficient model; support vector ma-

chine; combined forecast
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Table 2 Statistics of Fitting Accuracy of Each Satellite and Different Models/ns

LR C19 €20 c21 22 23 C24 €25 26 Cc27 28
QP 0.101 0.154 0.12 0.139 0.062 0.048 0.066 0.074 0.091 0.063
SA 0.054 0.085 0.091 0.120 0.058 0.041 0.038 0.065 0.083 0.040
SM 0.034 0.027 0.022 0.025 0.020 0.018 0.020 0.020 0.018 0.021

SM-SVM 0.016 0.014 0.013 0.013 0.013 0.011 0.013 0.012 0.011 0.013
Fm €29 €30 €32 €33 C34 €35 €36 €37 €38 €39
QP 0.081 0.156 0.099 0.070 0.138 0.105 0.074 0.081 0.169 0.108
SA 0.070 0.138 0.071 0.056 0.120 0.097 0.064 0.071 0.159 0.099
SM 0.021 0.021 0.021 0.021 0.017 0.017 0.017 0.021 0.018 0.017

SM-SVM 0.013 0.012 0.012 0.011 0.010 0.010 0.010 0.013 0.011 0.011
AR C40 C4l C42 €43 C44 C45 C46 €59 €60
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Table 3  Statistics of Prediction Accuracy of Each Model/ns
AR (1 h) TR (6 h) BARAT (12 h)
NER=-%/ £ SM- SM- SM-
QP SA SM SUM QP SA SM SUM QP SA SM SUM
C19 0.153 0.077 0.095 0.069 0.704 1.498 0.545 0.097 1.500 1.138 1.121 0.129
C20 0.050 0.128 0.059 0.048 2.515 1.877 1.757 0.092 1.247 1.547 0.626 0.235
c21 0.152 0.162 0.083 0.038 0.557 0.153 0.209 0.132 1.824 1.729 2.193 0.339
C22 0.045 0.063 0.037 0.048 2.398 1.802 1.798 0.354 0.959 1.032 0.485 0.201
C23 0.063 0.043 0.039 0.125 1.744 1.205 1.246 0.167 0.207 0.257 0.141 0.103
C24 0.222 0.085 0.143 0.019 0.378 0.735 0.204 0.216 0.527 0.462 0.318 0.113
C25 0.028 0.061 0.024 0.061 0.773 0.888 0.349 0.332 0.216 0.229 0.266 0.190
C26 0.130 0.065 0.087 0.047 0.462 0.805 0.261 0.198 0.307 0.143 0.200 0.093
C27 0.121 0.129 0.056 0.017 0.399 0.412 0.107 0.303 0.097 0.179 0.090 0.058
C28 0.012 0.108 0.014 0.102 0.269 0.150 0.169 0.063 0.460 0.442 0.276 0.060
C29 0.037 0.026 0.041 0.016 0.823 0.934 0.490 0.087 0.637 0.697 0.816 0.126
C30 0.095 0.079 0.068 0.034 1.343 0.163 0.942 0.067 0.617 0.985 0.187 0.187
C32 0.026 0.052 0.015 0.099 0.787 0.246 0.431 0.264 1.588 1.834 1.979 0.127
C33 0.179 0.102 0.126 0.068 1.142 1.275 0.587 0.119 2.771 2.594 2.402 0.102
C34 0.121 0.026 0.082 0.015 1.065 0.787 0.802 0.201 0.879 0.653 0.334 0.258
C35 0.256 0.236 0.169 0.067 0.655 0.666 0.201 0.394 2.105 1.888 1.893 0.118
C36 0.083 0.057 0.041 0.054 0.538 0.138 0.329 0.087 0.534 0.470 0.343 0.051
C37 0.029 0.081 0.046 0.028 0.859 0.751 0.622 0.107 0.300 0.436 0.124 0.103
C38 0.120 0.078 0.079 0.145 0.589 0.603 0.206 0.424 0.403 0.594 0.551 0.257
C39 0.049 0.040 0.050 0.039 0.415 0.232 0.181 0.125 2.510 2.425 1.332 0.211
C40 0.035 0.030 0.019 0.092 0.260 0.432 0.192 0.055 1.742 2.009 1.207 0.092
C41 0.123 0.032 0.078 0.091 0.941 0.099 0.689 0.129 0.513 0.250 0.349 0.069
C42 0.123 0.229 0.047 0.049 0.418 0.280 0.315 0.203 0.135 0.155 0.113 0.156
C43 0.090 0.037 0.059 0.087 0.280 0.429 0.278 0.258 0.325 0.352 0.259 0.380
C44 0.113 0.031 0.071 0.067 1.314 0.735 0.893 0.100 0.668 0.658 0.407 0.072
C45 0.154 0.143 0.116 0.071 0.265 0.272 0.195 0.273 1.014 0.708 0.957 0.286
C46 0.074 0.045 0.037 0.043 0.817 1.199 0.811 0.252 1.862 1.881 1.697 0.056
€59 0.214 0.233 0.056 0.030 2.088 1.664 1.643 0.139 2.284 2.252 1.603 0.250
C60 0.013 0.082 0.012 0.088 1.512 1.301 1.318 0.186 3.393 3.219 2.685 0.320
FH 0.100 0.088 0.064 0.060 0.907 0.749 0.613 0.187 1.090 1.076 0.860 0.164
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Fig. 5 Prediction Accuracy Statistics of Different Models in Different Time Lengths
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Fig. 8 Prediction Residuals of SM Model in Different Time Lengths
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Fig.9 Prediction Residuals of SM=SVM Model in Different Time Lengths
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Table 4 Statistics of Prediction Accuracy in Average Z % X ™
RMSE of Each Model/ns (1) BF 6, B H . B, 4. bk =0 R
i FU T I RMSE B2 5 LB LT). W84 L 2021, 50(12)
1h 3h 6 h 12h 24h 1728-1737.
QP 0.101 0.392  0.917 1.133  2.032 YANG Yufei, YANG Yuanxi, CHEN lJinping, et
SA 0.087 0378  0.729 1.055  2.018 al. Pseudo—Stable Constellation Bias Error of BDS-
M 0062 0232 0603  0.860 1.733 3 and Its High—Precision Prediction [J]. Acta Geo-
SM-SVM 0.062 0.140 0.262 0.195 0.487 daetica et Cartographica Sinica, 2021, 50 (12)
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