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Abstract: A denoising technique is proposed based on the temporal-spatial joint analysis to improve the
detection accuracy of the LiDAR bathymetry system. Utilize the strong temporal-spatial correlation
between echo signals in multiple pulse trigger sampling periods of the LiDAR system, multiple set of
similar echo sequences can be found through matching analysis for echo signal of any period. Convert each
set of highly correlated echo sequences into a matrix for multidimensional temporal-spatial correlation
analysis, and the hard-thresholding shrinkage operator is used in 2-D transform domain to attenuate the
noise. Then the basic denoising results are obtained by weighted aggregation. The matching analysis is
performed again on the basic denoising data set, and the multidimensional analysis based on the Wiener
shrinkage operator is further applied to remove the residual noise. The real signals can be separated from
uncorrelated noise. Experimental results demonstrate that the proposed method achieves good effect in
noise suppression and edge preservation compared with the widely used LiDAR denoising methods, and
improves the peak signal to noise ratio of seafloor signal.

Key words: LiDAR; Waveform denoising; Matching analysis; Bathymetry; Temporal-spatial correlation;
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Fig. 1 Temporal-spatial correlation in multiple periods of echo signals
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Table 1 MSE and PSNR values of different noise variance in simulated experiment

Noise variance  Evaluation Index Original AGGF Wavelet Wiener Proposed method

MSE 1.05x10°* 9.14<107° 8.48X107° 1.58x107" 5.12X107°

1o PSNR —1.278 7.858 4.805 5.476 9.205
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PSNR —7.770 7.193 3.049 2.474 9.099
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L5 MSE 4.55X107" 1.33x107* 1.91x<107* 2.07x107" 5.30X107°
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