5 50 & 5 10 1) DR e R CfF BB a2 i) Vol.50 No.10
2025 4 10 H Geomatics and Information Science of Wuhan University Oct. 2025

SISt ML A AL, X s b, 4 20 GNSSHE 22 B4 & PPP 24215 2518 1F S (b AE PRAY (7], 3 IR 2 24 41 (fF BBk
m W) ,2025,50(10):1967-1977.DO1:10.13203/j.whugis20230200
Citation: ZHENG Kai, TAN Lingmin, LIU Kezhong, et al. Multi-frequency GNSS Undifferenced and Uncombined PPP with

Multipath Error Correction and Positioning Performance Evaluation[J]. Geomatics and Information Science of Wuhan University,

2025,50(10):1967-1977.DO1:10.13203/j.whugis20230200

Z 5 GNSS EZ R4 & PPP 22 iR FE B IE
7€ V0P HE VAl

o9 ERE Mmoo E°
1 DU TR EME 2B, 14 I, 430063
2 RPUGE TR EFKE %4 TREART PO, wde 2RI, 430063
3 R T RAF M ARG s o0, 4 I, 430063

H E. %1242 £ 58 Y a4 F L 5 Z 45 (precise point positioning, PPP) K gkt Al An iy A 2 B H Z 2 — , L2 S
HEFHERFETSBREGERR BT HELEGL LA, AALRI AN RABGFTARTMEEZLA
(global navigation satellite system, GNSS) Ik 4% 55 49 GNSS % SR WL 2 9% , A 3745k £ E 24846 PPP % 1242 215 B
R, BhiBidle Z BRI ETF o ME G S ZREE, KRG A A % T &0 w )3 4 290 18] A8 45 5% £ AR X M A A S 3K IR
LR E SRR EH, REHATEARIE, FREREAW ,EE M EGMAIE L2 Th LR LA S REITHE,
HMAHETEINYNAAL, BB ESFLERARRAMEASELEBREORAXRAR . H55H4T,GPSELTH
BB ] AR T 19.2% 5 Galileo & e SUHR . = 97 . B 50 B BT T8 o A 45 42 31,290 .42.8% A2 32.9% 5 b A Lo I L Z 0K
Snt i 5 A 454216400 .17.000 228 min £ 4 , B ARH LA N R, = ZRA4H S PPPF I srt i1 & 15 min 43
fZ 13min A4, K46 & db R 3F w1 BALMHE S H 15 0.27, 0.24, 0.80 cm; F A-F 3 M4 nt @ T & 17 min 4 42 £ 16
min £ A& ,3 7 & BAL K E 4 7138 0.82, 0.68, 2.40 cm, H b, BFRIR A ABLL % 2 AB K K A KA % Z2 R EHK T TR
%91 GNSS % 25 B R B st E AR — % & L,

KR : ZHGNSS; k2 MAEPPP; S8 /2 S k@2 L+ T EFARAL

HES LS P228 SERARIRES A W %s B #7:2023-10-31
DOI1:10.13203/j.whugis20230200 XEHS:1671-8860(2025)10-1967-11

Multi—-frequency GNSS Undifferenced and Uncombined PPP with
Multipath Error Correction and Positioning Performance Evaluation

ZHENG Kai'? TAN Lingmin' LIU Kezhong'? QIAN Chuang’®

1 School of Navigation, Wuhan University of Technology, Wuhan 430063, China
2 National Engineering Research Center for Water Transport Safety, Wuhan University of Technology, Wuhan 430063, China
3 Intelligent Transportation Systems Research Center, Wuhan University of Technology, Wuhan 430063, China

Abstract: Objectives: Multipath effect is one of the main factors that affect the convergence time and posi-
tioning accuracy of precise point positioning (PPP). For multi-frequency GNSS undifferenced and uncom-
bined PPP, it is necessary to establish a multipath correction model for each frequency, which increases the
complexity of data processing. We evaluate the effectiveness of multipath correction in undifferenced and un-
combined PPP using multi-frequency GNSS observation data from 12 International GNSS (global naviga-
tion satellite system) Service stations. Methods: We extract the raw phase residuals based on GPS/Galileo/
BDS (BeiDou satellite navigation system) multi—frequency undifferenced and uncombined PPP, and use
multiple linear regression to construct a correlation model of inter—frequency phase residuals. The sidereal

filtering 1s used to establish a multipath model for the phase residuals of some frequencies, combined with
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the residual correlation model to recover the full-frequency multipath correction. Results: The results show
that the phase residuals of any frequency can be fitted by the phase residuals of other frequency points, with
a fitting accuracy of 91% or more. In static conditions, it leads to an average decrease of 19.2% in the GPS
convergence time. In contrast, for Galileo systems employing dual-frequency, triple-frequency, and five—-
frequency PPP positioning, the convergence time is reduced by 31.2%, 42.8%, and 32.9% , respectively.
Similarly, for BDS dual-frequency and triple-frequency positioning, the convergence time shortened by
16.4% and 17.0% , stabilizing around 28 min. The kinematic results also showed significant improvement.
Additionally, for GPS/Galileo/BDS combination, the average convergence time was shortened from 15 min
to about 13 min with multipath correction in static mode, the resulting positioning accuracies in the east,
north, and up directions reached 0.27 cm, 0.24 cm, and 0.80 cm, respectively. Under kinematic condi-
tions, the average convergence time of GPS/Galileo/BDS was decreased from 17 min to about 16 min.
Furthermore, the positioning accuracies of GPS/Galileo/BDS in the east, north, and up directions reached
0.82 cm, 0.68 cm, and 2.40 cm, respectively. Conclusions: Therefore, studying the inter-frequency phase
multipath correlation and obtaining a comprehensive multipath correction model is of significant importance
for improving the efficiency of multi-frequency GNSS multipath mitigation and positioning accuracy.

Key words: multi-frequency GNSS; undifferenced and uncombined PPP; multipath; multiple linear re-

gression; BeiDou satellite navigation system
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Table 4  Statistics of Averaged Convergence Time for Static/Kinematic PPP with Different Positioning Combinations
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