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Abstract: Objectives: Tropospheric anisotropy is one of the important factors affecting the positioning ac-
curacy of global navigation satellite system (GNSS). The existing real-time precision point positioning
(RT-PPP) technology usually combines empirical models, projection functions, and parameter estimation
methods to eliminate the influence of tropospheric delay, but does not consider the impact of tropospheric
anisotropy on positioning results. Solar radiation is an important factor causing tropospheric anisotropy.

Therefore, we propose a RT-PPP calculation method that considers the tropospheric anisotropy caused by
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solar radiation. Methods: We calculate the solar altitude angle based on the station position and local time
and characterize the influence of solar radiation on GNSS signals. And we improve the existing wet projec-
tion function and stochastic model to construct RT-PPP function model and stochastic model that consider
the anisotropy of troposphere. The proposed method is validated by selecting 7 days of GNSS observation
data from 13 international GNSS service center stations. Results: The proposed RT-PPP method outper-
forms the traditional methods and improves positioning accuracy in the N, E, and U directions to some ex-
tent. In terms of convergence time, the improvement rates of convergence speed in the three directions are
1.42%, 0.69%, and 2.46% , respectively. The analysis shows that the proposed method has improved the
positioning results and convergence speed of stations in different latitude intervals to a certain extent, indi-
cating that the robustness of the proposed method. Conclusions: The proposed method considers the im-
pact of solar radiation on satellite signals passing through the troposphere, filling the gap in the influence of

tropospheric anisotropy on RT-PPP. It is of great significance for further improvement of the theory and

methods of RT-PPP that takes tropospheric anisotropy into account.

Key words: RT-PPP; solar radiation; random model of height angle; tropospheric; anisotropy
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Overall Process of RT-PPP Solution Considering Tropospheric Anisotropy
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Table 2 RMS and Improvement Rates in Three Directions for Four Measurement Stations Under Two Schemes
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Table 3 Absolute Deviation in Three Directions for Four

Measurement Stations Under Two Schemes/cm
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Table 4 RMS and Improvement Rates in Three Directions for Different System Combinations Under Two Schemes

N E U
ARG RMS/cm RMS/cm RMS/cm
BEER/ % BER/ % HE A/ %
PIE S TR PIE S P PIE S TR

GEC 5.47 5.46 0.18 7.42 7.32 1.35 14.05 13.78 1.92
GE 5.53 5.53 0.00 7.70 7.61 1.17 14.23 13.98 1.76
GC 5.25 5.27 —0.38 6.95 6.91 0.58 13.05 12.99 0.46

G 6.81 6.73 1.17 7.33 7.23 1.36 15.49 15.21 1.81
Ty 5.77 5.75 0.24 7.35 7.27 1.12 14.21 13.99 1.49
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Fig. 5 Convergence Time in Three Directions of Four Measurement Stations Under Two Schemes
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Table 5 Convergence Time and Improvement Rates in Three Directions of Four Measurement Stations Under Two Schemes

N E U
il e B il /min ) WS ] /min . WSt ) /min )
NE- E - ES FE- FES

TUVA 9.23 9.10 141 8.99 8.95 0.44 17.65 17.48 0.96

PTGG 12.27 12.21 0.49 16.07 15.26 5.04 17.88 16.83 5.87

NKLG 16.99 16.90 0.53 12.04 11.72 2.66 15.93 12.13 23.85

MAC1 10.87 9.59 11.78 13.61 13.94 —2.42 18.94 16.76 11.51
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Different System Combinations Under Two Schemes
B GPS F 4t 1 WSS 18] A AR 8K B e IESE
TR SCTTE NS R AU S T i T ) e E A

SCOT AR [F) 26 B2 1 & M P, AR 48 328 B0 32t 7
A4 I 3 73 A AR A B2 [10°S~10°N] P £ 2 (10°N~
20°N 1. (10°S~20"S ] LA S & 4 B (>20°N, >20°S)
3FCHAMA A W2 7)), I X W Fp 7 2T AR 4
) 2 A7 1 26 RIS S5 [R) 2B 47 6T L o

x6 MMARTARRFAGTEINT EEU SR E

Table 6 Convergence Time in Three Directions for Different System Combinations Under Two Schemes
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Different Latitudes
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Fig. 7 Positioning Errors of All Measurement Stations in Three Directions for Different Latitudes and

System Combinations Under Two Schemes
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Under Two Schemes
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Table 8 Positioning Errors, Convergence Time, and Improvement Rates of All Measurement Stations in Three Directions

for Different Latitudes Under Two Schemes

Application in Real-Time Precise Point Positioning
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5 4 B 11.88 11.64 2.02 11.04 11.15 —1.00 14.88 14.59 1.95
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