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Abstract: Objectives: GNSS-IR technology, as an emerging tool for near-Earth remote
sensing, has become a research hotspot in recent years in the area of soil moisture
monitoring, with its low cost and high precision. Methods: In order to improve the
accuracy of GNSS-IR technology in retrieving soil moisture, a self-built GNSS station
located in Lishui District, Nanjing City was selected as the research data source, Firstly,
feature parameters such as multipath coherent phase, amplitude, and frequency of
Signal-to-Noise Ratio (SNR) observation data from GPS, BDS, GLONASS, Galileo,
and other systems are extracted. Based on the analysis of the characteristics of GNSS
observation SNR changes with soil moisture in different systems, different frequency
bands and different orbits, a multi GNSS system feature data fusion inversion method
considering satellite trajectory differences was proposed. For the observation data of
multiple GNSS systems, trajectory clustering fusion is carried out according to different
orbits and frequency bands. After confirming the weight using entropy method, soil
moisture inversion is carried out. The results of multi-system trajectory fusion inversion
are compared with traditional average weight fusion methods and multiple linear
regression methods. Results: The combination of SNR's phase, amplitude, and
frequency feature parameters for soil moisture fusion inversion is better than the
inversion results of a single phase feature parameter and a combination of two feature
parameters (phase, amplitude); Multi-system trajectory fusion generally improves the
inversion performance compared to single system trajectory fusion, with an average
correlation coefficient increasing by 4.0% and RMSE decreasing by 22.8% to 39.9%;
The multi-system trajectory clustering fusion soil moisture inversion method based on
entropy method reduces RMSE by 34.0%, 25.6% and 29.5% respectively compared to
traditional average weight fusion method, multiple linear regression method and
weighted fusion method. Conclusions: The proposed method can provide long-term
and accurate soil moisture inversion results.

Keywords: GNSS-IR; signal-to-noise ratio; multi characteristic parameter fusion;
soil moisture; trajectory clustering; entropy method
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Parameters in Various Systems
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Tab.3 Comparison of Inversion Accuracy of Various Systems and Frequency Bands.

GNSS % RMSE MAE

BB B R
4z BB _ /(em*em™)  /(cm*cm™®)
L1 L1C 0.858 3 0.027 8 0.016 4
L2P 0.8910 0.024 6 0.0176

GPS L2
L2X 0.889 1 0.0232 0.0170
L5 L5I 0.849 8 0.028 1 0.0177
B1 L21 0.8224 0.0303 0.020 2
BDS B2 L71 09120 0.025 6 0.0175
B3 Lol 0.8711 0.027 5 0.0216
Gl L1C 09330 0.017 1 0.0124
GLONASS

G2 L2C 0.942 5 0.016 7 0.0110
El L1X 09231 0.0187 0.014 3
Galileo ES5a L5X 0.887 8 0.024 1 0.0170
E5b L7X 0.878 4 0.026 0 0.018 3
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Tab.4 Comparison of Inversion Accuracy of Various Systems

RMSE MAE

GNSS &4t R _ -
/(em*ecm™3)  /(ecm*cm™)
GPS 0.898 0 0.020 8 0.016 3
BDS 0.929 1 0.020 3 0.016 0
GLONASS 0.952 0 0.016 2 0.0109
Galileo 0.944 5 0.017 4 0.013 2
FIE 0.9309 0.018 7 0.014 0
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WP, Hah R 550 8IR EE AR LEA S R BCE &, SPIM SR BUEE] 0.9674,
R RGP R B = T 4.0%; ¥ RMSE 4 0.0125 cm*em ™3, FHELH
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Tab.5 Comparison of Inversion Accuracy for Multiple System Combination Schemes
RMSE MAE

i GNsS & B /(em*em™3)  /(ecm*cm™)
1 G+C 0.930 5 0.016 9 0.011 6
2 G+R 0.953 1 0.013 7 0.010 8
3 R+E 0.953 8 0.0132 0.0105
4 C+R 09557 0.0139 0.010 6
5 C+E 0.9592 0.0122 0.0102
6 R+E 0.961 3 0.0118 0.009 1
7 G+C+R 0.9558 0.0130 0.0108
8 G+C+E 0.960 1 0.0122 0.009 6
9 G+R+E 0.964 4 0.0108 0.008 9
10 C+R+E 0.968 9 0.0105 0.008 8
11 G+CH+R+E 0.969 2 0.009 3 0.008 1
¥ E— 0.967 4 0.0125 0.009 9
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Tab.6 Comparison of Multiple System Trajectory Clustering Fusion Methods

. RMSE
WiR7S R MAE /(cm*em™)
/(em*cm™)
YRR A 0.945 8 0.014 1 0.0125
% Ju ke A 0.953 7 0.0125 0.0117

WA R 0.966 0 0.0132 0.0103
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