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Abstract: Objectives: The paper aims to address two issues in the construction of a carrier
phase multipath grid model. First, it focuses on resolving the problem of mismatch between
constraint conditions and their prior variances during the process of solving grid parameters.
Second, it tackles the escalating demand for higher grid resolution as the complexity of the
site environment increases. This escalating demand leads to an exponential growth in the
number of solving parameters, resulting in a significant decrease in solving
efficiency. Methods: A GNSS grid multipath modeling method based on improved Adam gradient

descent is proposed to address the spatial distribution characteristics of static station

K FHER: 2023-05-09

E€mEB: ERBARFES (42030109).

F—1E XNEH, MtE, FTEMEINRGEEEMFEAFR. chengyiliu@whu.edu.cn
BWEE: #EN, #1E, B3E. Zhigang.hu@whu.edu.cn



multipath. This method does not require prior constraints on grid parameters, and can
significantly shorten the calculation time of high spatial resolution models and improve
modeling efficiency.Results:The results of multipath experiments in complex environments
indicate that by increasing the spatial grid resolution from 2 ° to 0.05 ° , the calculation
parameters increased sharply by 1556 times, but the calculation time only increased by 0.27
times. The multipath fitting accuracy improves from 73.93% to 82.89%, and the horizontal and
vertical positioning accuracy increases from 71.6% to 80.9% and from 72.4% to 82%, The
experimental results of GPS L1 and BDS BIC interoperability signal multipath show that the
same frequency signal multipath has consistent spatial distribution characteristics, and can
be applied to joint multipath modeling of interoperability signals.Conclusions: This method
can significantly improve the efficiency of high-resolution grid based multipath modeling and
can be effectively used for high-precision carrier phase multipath modeling in complex
observation environments.

Keywords: BDS; spatiotemporal repeatability; multipath effect; Adam; sidereal day filtering;

multi—-point hemispherical grid model
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Fig. 7 Comparing different modeling methods to mitigate carrier multipath
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Fig. 8 Time series plot of positioning errors based on multipath corrections at different spatial resolutions
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Tab. 2 Analysis schemes used in the experiment

UES FEBER A A SRR A
M1 GPS L1 GPS LI
M2 BDS BIC GPS LI
M3 GPS L1/BDS BIC GPSLI

XF AR R AR (A5 5 HEAT SEERERUERY , BRI LA BT RS 2 Ptk AR, SR/ H
DOY 343 #fls CEBEHE )5 — R RAESMIEROR, MR DOY 344 A i U 7Y
TSR, SRS A 2 AR 2 RMS JUE 45 R RMS.

gidk 3 ME 9, RAMUERT DOY 343 ] GPS L1 M XZEFRZ R RMS fEHN 9.82
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# 3GPS L1 #i DOY 343 1 DOY 344 REH R THZ BEMEHR
Tab. 3 Multipath fitting effect under different schemes of DOY 343 and DOY 344

DOY AMIE TR OWIEF R E SUESHE%

RMS/mm RMS/mm
Ml 1.68 82.89
343 9.82 M2 2.81 71.58
M3 1.73 82.39
Ml 2.50 74.93
344 9.97 M2 2.80 71.92

M3 242 75.64
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Fig. 9 Spatial distribution of multipath on GPS L1 mitigated by models that constructed by different schemes
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Fig. 10 The improved positioning results of the model established by different schemes
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Tab. 4 The number of model parameters and average solution time
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