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Abstract; To realize the continuous monitoring of foundation displacement and the prediction of final settlement of
long-span bridges based on Beidou navigation satellite system ( BDS), the influences of various errors should be
eliminated in the collection process of satellite signals. This paper proposes a method to eliminate the multipath
errors in BDS signals using stationary wavelet transform. The method simplifies random noises to Gaussian white
noises, and combines the determinant criterion of noises and empirical mode decomposition (EMD) method to
reduce the random noises in the signal based on autocorrelation function. In order to meet the observation accuracy
for foundation displacement of long-span bridges, the measured BDS data and the settlement data obtained by
precise levelling were defined by hyperbolic model. Based on the measured data during the construction process and
the modelled settlement data, the non-linear relationship of the data was established by BP neural network to realize
real-time correction of measured BDS data. The foundation pile of a rail-cum-road bridge under construction was
taken as an example, which is over 1 km in length. The BDS data was collected, the bad points were eliminated,
and the lost data was compensated by linear interpolation. The real-time measured data of the long-span bridge at
foundation pile was denoised and corrected by the proposed method. Results show that compared with the precise
levelling results, the proposed method had high precision, which could meet the requirements of continuous
monitoring and final settlement prediction of bridge towers of long-span bridges.
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Fig. 1  Correction and prediction of GNSS data
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Fig.4 Data from BDS
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Fig.5 Elimination of multipath errors by stationary wavelet transform
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Tab.2  Error indexes of results obtained by proposed method

MG B MAE/mm MAPE  RMSE/mm
4-7-1 tansig 0.57 0.015 0.68
4-7-1 logsig 0.51 0.015 0.66
4-7-1 purelin 0.64 0.017 0.73
4-8-1 tansig 0.67 0.018 0.77
4-8-1 logsig 0.47 0.012 0.43
4-8-1 purelin 0.64 0.017 0.74
4-9-1 tansig 0.67 0.018 0.77
4-9-1 logsig 0.50 0.013 0.61
4-9-1 purelin 0.60 0.016 0.70
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Tab.3  Comparison of proposed method with traditional methods

- SNR/dB RMSE/mm

L EMD SWT A3 EMD SWT A
1 9.8 17.7 37.5 4.9 4.2 0.4
M 2 13.0 10.3 27.8 9.1 12.4 0.7
M 3 16.7 17.4 36.8 4.7 4.3 0.4
5 4 11.9 13.2 35.8 8.0 6.9 0.5
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