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ABSTRACT

This study develops a Global Positioning System (GPS) Code Multipath Grid Map (CMGM) of each individual domestic
reference station from the extracted code multipath of measurement data. Multipath corresponds to signal reflection/

refraction caused by obstacles around the receiver antenna, and it is a major source of error that cannot be eliminated by

differencing. From the receiver-independent exchange format (RINEX) data for two days, the associated code multipath of a
satellite tracking arc is extracted. These code multipath data go through bias correction and interpolation to yield the CMGM
with respect to the azimuth and elevation angles. The effect of the CMGM on multipath mitigation is then quantitatively

analyzed to improve the Root Mean Square (RMS) of averaged pseudo multipath. Furthermore, the single point positioning

(SPP) accuracy is analyzed in terms of the RMS of the horizontal and vertical errors. During two weeks in February 2023,

the RMSs of the averaged pseudo multipath for five reference stations decreased by about 40% on average after CMGM

application. Also, the SPP accuracies increased by about 7% for horizontal errors and about 10% for vertical errors on average

after CMGM application. The overall quantitative analysis indicates that the proposed approach will reduce the convergence

time of Differential Global Navigation Satellite System (DGNSS), Real-Time Kinematic (RTK), and Precise Point Positioning

(PPP)-RTK correction information in real-time to use measurement data whose code multipath is corrected and mitigated by

the CMGM.
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Fig. 1. Elevation angle for block data of GPS at CCHJ station.
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2. METHODOLOGY

2.1 Data Preprocessing
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2.2 Extraction of Code Multipath
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Fig. 2. Elevation dependency of AMP (GPS PRNO1).
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(b)

Fig. 3. Relative bias correction (a) and final plot of AMP1 about all GPS
PRNs (b).
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2.3 Generation of CMGM

CMGMLE AMP Hlo|E|2EE] AAFE zlo] A== Ax}]
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Fig. 4. CMGM of CCHJ station.
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Table 1. Best combination of smoothing and gridding.
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Station CCHJ EOCH ANHN SOCH
Best combination Movmean & Nearby group Movmean & Nearby group Movmean & Nearby group Movmean & Nearby group
AMP, RMS reduction (%) 54.3425 58.2541 50.8813 52.0457
Fig. 7. RMS difference of AMP with CMGM multipath correction.
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3. RESULTS AND DISCUSSION

3.1 Smoothing & Gridding
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Table2. AMP analysis results of CMGM.

Station CCHJ EOCH ANHN SOCH MLDO

Before (m) 0.1887 0.1462 0.1336 0.1398 0.1917

AMP, RMS  After (m) 0.0935 0.0684 0.0662 0.0601 0.0718
Reduction (%) 50.3886 53.1345 50.4445 56.9830 62.5072

Before (m) 0.2717 0.1727 0.1814 0.2029 0.2273

AMP,RMS  After (m) 0.1454 0.0877 0.1016 0.0783 0.0978
Reduction (%) 46.4084 49.1064 43.9599 61.3944 56.9407

Fig. 8. Power spectral density of AMP with CMGM multipath correction.
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Table 3. Data processing strategy for SPP.

Parameters Used in the study
Satellite signal GPS C1/P2
Filtering Weighted least square
Sampling interval 1sec
Elevation cutoff 10°
Tonosphere correction Tonosphere-free
Troposphere correction UNB3m
Satellite ephemeris/clock  Broadcast
Stochastic model Satellite elevation weighting

Fig. 9. . RMS difference of GPS SPP solutions with CMGM multipath
correction.
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Fig. 10. Horizontal error of GPS SPP solution.

4. CONCLUSIONS
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