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Fig. 1 Geometric principle of satellite—based GNSS—R sea surface height inversion
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(P it, JRBRGS A BEARITAE , & 1F L B2 BT
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FHLS LR AR . R LS B R s B AR
PO B S AR 2 3 A AR B B 2R
FETAE

(2) XERZE . X E X GNSS-R 18 1 1=
JE R IR A 3G, AR SOl ECMWF 4241t
(55 HAR A BR A BT PR IO 48 ERAS THE X I 2
FESR DB IE X 20 1R B S A5 . ERAS 42
BETRE . RS, wR SRR/
B, AT DL R R TR 2 B TR S R



ThmAS: 4 . BET R 28 28 1Y B 41 GNSS-RE IR 25 5 S {8 152 25 AMEA AR Y 2373

Proppe, ML KRR ) 2% 4838 ZHD (Zenith
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Fig. 3 Structure diagram of the GNSS—R sea surface height inversion error compensation model based on neural network
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Fig. 4 Diagram of CNN-AM training structure
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Table 2 Available data information

GNSS A Kol H Bz N EdE R
GPS 08-20—08-26 Yk 117421
BDS 08-20—08-26 IIEZS 119913
GPS 08-27—09-21 M 517910
BDS 08-27—09-21 blEy 520117

R UE AR A R 25 RGN SO FH MAFE
55 RMSE &0 ok & PEAd 73, BRI
Al

MAE = =1 (15)

n

>(a)
RMSE = |&=1—— (16)
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Fig. 6 Preliminary inversion results and DTU results
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Table 3 Comparison of results before and after correction for each of the example data

/m
R VIR B EDRT B AH FER IR F5 S AR 5 AT ZMREEERE AR REAMAE IERL A,
RMSE 8.58 4.83 2.83 1.12
MAE 6.47 4.03 2.39 0.86
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Table 4 Comparison of results before and after correction of global data
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Table 5 Comparison of different training methods
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A neural network—based model for compensation of inversion
errors in satellite—borne GNSS—R sea surface heights

MA Dehao, YU Xianwen, WANG Hao, GUO Shusen

School of Transportation, Southeast University, Nanjing 211189, China

Abstract: In the current research on sea surface height inversion from satellite-borne GNSS reflected signals, classical algorithms are
usually used to invert sea surface height. However, due to the existence of multiple complex errors, such as inaccurate receiver orbit, system
error, ionosphere error, and troposphere error, the results inverted using classical algorithms are mostly of low accuracy. Therefore, an error
model is needed to correct the inversion results. Classic error models generally improve the accuracy of sea surface height inversion by
correcting common errors, such as tropospheric error, ionosphere error, and antenna baseline attitude error, but there remain large errors that
cannot be corrected. To address this problem, this paper proposes an error compensation model based on the combined training of neural
networks and Attention Mechanisms (AMs) to correct the sea surface height inversion results.

This paper proposes a training method that combines a Convolutional Neural Network (CNN) model with an AM to accurately train the
error of sea surface height inversion from satellite-borne GNSS reflection signals. An error compensation model is generated to replace the
classical error model, thereby improving the accuracy of sea surface height inversion.

The proposed model was compared with the classic error model, CNN model, and random forest model and tested on about 2 million
delay Doppler mapping data of the FY-3E dataset. The evaluation indicators used Mean Absolute Error (MAE) and Root Mean Square Error
(RMSE). For the Global Positioning System reflected signal data corrected using the error compensation model, the MAE was 1.74 m, and
the RMSE was 2.25 m. For the Beidou Navigation Satellite System reflected signal data, the MAE was 0.97 m, and the RMSE was 2.16 m.
Compared with the classic error model, the correction accuracy was improved by about 80%. Compared with the random forest model and
CNN model, the accuracy was also slightly improved.

This paper proposes an error compensation model based on the training of CNN and AM to correct the sea surface height inversion
results. Experiments show that the proposed error compensation model effectively corrects the sea surface height inversion error of space-
borne GNSS-R.

Key words: GNSS-R, neural network, satellite-based, FY-3E, sea surface height inversion, error, DDM, Beidou
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