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Research on laser radar echo signal denoising
based on wavelet threshold method

WANG Tao', SHEN Yonghui' , YAO Jianquan®

(1. College of Mechanical Engineering, Hebei University of Technology, Tianjing 300130, China; 2. Institute of Laser and Elec-
tronics, Tianjin University, Tianjin 300130, China)

Abstract: In order to study the de-noising of laser radar detection echo signal, the laser radar transmitting and detecting
echo signal were analyzed based on the wavelet threshold method, and a model based on MATLAB simulation platform was
created. The strategy of selecting the parameters in the threshold method was studied, and the best parameters in the denoising
were selected combined with the characteristics of the laser radar signal and noise. The simulation experiments of four kinds of
threshold strategies were carried out to achieve the effective extraction and denoising of the target signal in the detection echo
signal. The results show that, for the low signal-to-noise ratio signal, the higher the decomposition layer of one base function is,
the better the denoising effect is. The de-noising effect is the best when the decomposition layer j =4 ~5. For the high signal-to-
noise ratio signal, the lower the decomposition layer is, the better the denoising effect is, the best at j =3. And the denoising
effect of the signal db9 base function is better than that of the db2 base function. An ideal denoising result is obtained in this
study.
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Fig. 1 Ideal Gaussian pulse signal model
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Fig.2 Lidar echo detection signal
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Fig.3 Output waveform and input waveform comparison
a—the output waveform and input waveform of the db3 wave base b—the
output waveform and input waveform of the dh2 wave base c—the output
waveform and input waveform of the db9 wave base ~d—the output waveform
and input waveform of the db10 wave base
Table 1  Signal-to-noise ratio (Rgyg = —10dB) after denoising of different

wavelet bases with different decomposition scales

decomposition level 2 3 4 5
dbh9 -3.9365 -0.7603 1.3154 1.7221
dh2 -4.0507 -1.0544 0.5101 0.9858
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Table 2 Signal-to-noise ratio ( Rgxg = —5dB) after denoising of different

wavelet bases with different decomposition scales

decomposition level 2 3 4 5
dh9 1.1627 3.4256 4.3620  2.9273
dh2 0.7945 2.9739 3.5600  2.5273

Table 3 Signal-to-noise ratio ( Rgyz = 10dB) after denoising of different

wavelet bases with different decomposition scales

decomposition level 2 3 4 5
dh9 15.8944 16.7713 7.4401  3.0649
dh2 13.6011 14.5316 6.6448  2.9318
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Table 4 Signal-to-noise ratio (Rgyz = —10dB) with different thresholds of

db9 wavelet
threshold rule rigrsure sqtwolog heursure minimaxi
output SNR -1.7867 -1.5187 -1.3177 -1.7289
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Fig. 6 Noisy signal (Rgygz = —5dB)
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Fig.7 Denoising signal ( Rgyg = —5dB)
Table 5 Signal-to-noise ratio (Rgyz = —5dB) with different thresholds of
db9 wavelet

threshold rule
output SNR
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Fig. 9  Denoising signal (Rgyz =0dB)

Table 6  Signal-to-noise ratio ( Rgyz =0dB) with different thresholds of db9
wavelet
threshold rule rigrsure sqtwolog heursure minimaxi
output SNR 7.3411 8.5736 7.9421 7.6473
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