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Research on GNSS-R Tide Height Inversion Method Based on
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Abstract With the completion and use of BDS-3, this paper proposes two improved methods for retrieving tide surface
height from global navigation satellite system reflectometry (GNSS-R) based on the BDS-3/GPS multi-frequency signal to
noise ratio data, namely, method of eliminating gross errors based on the relationship between the highest peak and the
second peak and the method of optimal frequency band. The effectiveness of the method is verified by the observation data
of 333337 consecutive 5 days of accumulated days (DOY) in 2020 at the MAYG station on Mayotte near the Indian
Ocean. The results show that the method of removing gross errors based on the relationship between the highest peak and
the second peak can improve the accuracy of tide level inversion. The GPS frequency band is increased by 9.16% and the
BDS frequency band is increased by 17.34%, but it will reduce the number of inversion results. The optimal frequency
band correction method can improve the accuracy while increasing the number of inversion results. The inversion accuracy
of the corrected GPS S1C and S2W frequency bands is increased by 26.54% and 22.89% , respectively. In BDS S1X,
S21, S61, and S7I, the 5-day tide level inversion root-mean-square error decreased by 61.36%, 34.23%, 47.68%, and
55.38% respectively. The accuracy improvement is higher than the former.
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Table 2 Inversion accuracy of GPS S2X, S5X, and BDS S5X
DOY
band 333 334 335 336 337 5 days
days days days days days
GPS $2X  0.5732 0.5436 0.5829 0.5008 0.4755 0.5373
GPS S5X 0.5835 0.5760 0.5750 0.4741 0.4459 0.5348
BDS S5X  0.5699 0.5759 0.5447 0.7937 0.7401 0.6512
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Table 3 Statistics of inversion results of GPS S1C and S2W and BDS S1X, S21I, S6I, and S71 frequency band using scheme 1

DOY
Frequency band Parameter 5 days
333 334 335 336 337
GPS S1C Number of tide level inversion results 13 10 10 12 13 58
U RMSE /m 0. 9330 1.0078  0.7564  1.0752 0.5612 0. 8824
Number of tide level inversion results 23 19 21 24 23 110
GPS S2W
RMSE /m 0.8161 1. 0837 0.6990 0. 8347 0. 6480 0.8217
Number of tide level inversion results 20 19 18 17 20 94
BDS S1X
RMSE /m 1.7340 1.5914 1.5013 1. 6052 1.9647 1.6943
Number of tide level inversion results 33 27 30 29 31 150
BDS S21
RMSE /m 0.7671 1.0451 0. 9666 1.0393 1.1435 0. 9960
Number of tide level inversion results 29 17 27 21 24 118
BDS S61
RMSE /m 1.2424 1. 4895 1. 4975 1.4742 1.3968 1.4127
Number of tide level inversion results 28 17 20 17 23 105
BDS S71
RMSE /m 1.5133 1.7255 1. 4970 1. 3976 1.4962 1.5252

F£4 [T L= BDSHGPS 9B 1 5K % 45 B4 it %

Table 4 Statistical of 5-day inversion results using 9 frequency bands of BDS and GPS in scheme 2

Frequency band Number of tide level inversion results RMSE /m
GPS S1IC 19 1.0108
GPS S2W 60 0.7288
GPS S2X 98 0. 5410
GPS S5X 98 0.5143

GPS 275 0. 6205
BDS S1X 71 1.6384
BDS S2I 52 0. 9340
BDS S5X 107 0.5618
BDS S61 42 1.3413
BDS S71 34 1. 2940

BDS 306 1. 1465

#5 MHKFE=GPSHSIC.S2W FIBDS ) S1X ,S21,S61.,S715 B fx 1 45 S 4t 1145 51
Table 5 Statistics of inversion results of GPS S1C and S2W and BDS S1X, S21I, S6I, and S71 frequency band using scheme 3

Frequency DOY
Parameter 5 days
band 333 334 335 336 337
GPS S1C Number of tide level inversion results 30 32 31 31 31 155
e RMSE /m 0.6267 0. 6599 0.7441 0.5843 0.6135 0. 6482
Number of tide level inversion results 29 32 30 31 30 152
GPS S2W
RMSE /m 0.6842 0.7076 0.6433 0.5235 0.5921 0.6336
Number of tide level inversion results 28 30 30 29 29 146
BDS S1X
RMSE /m 0.7394 0.6926 0.5184 0.6711 0.6362 0. 6546
Number of tide level inversion results 49 48 51 52 54 254
BDS S21
RMSE /m 0.7526 0. 5366 0.6235 0.7656 0.5627 0. 6550
Number of tide level inversion results 49 49 52 49 54 253
BDS S61
RMSE /m 0.7482 0.5995 0.7720 0.7442 0. 8056 0.7391
Number of tide level inversion results 49 48 51 49 53 250
BDS S71
RMSE /m 0.7922 0.5765 0. 5556 0.7489 0.6983 0. 6805
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