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Application of EEMD in laser ceilometer backscattering signal processing

Zhang Dongdong'>  Hao Minglei” Xing Hongyan'

(1. College of Electronic and Information Engineering, Nanjing University of Information Science and Technology,

Nanjing 210044, China; 2. Air Force Research Institute of Aviation Meteorology, Beijing 100085, China)

Abstract: The backscattering signal of laser ceilometer as a typical nonlinear and non-stationary signal is susceptible to be polluted by
noise. Aiming at this problem, the ensemble empirical mode decomposition (EEMD) denoising method is applied. Firstly, we use
EEMD to decompose the noise signal and analyze the decomposition of the IMF component, then find out the larger component of IMF.
Finally, we reconstruct the IMF component and the rest of the components signal after using Savitzky-Golay (SG) filter. The simulation
and experiment results show that compared with the traditional empirical mode decomposition( EMD) method, the signal-to-noise ratio
based on the EEMD method after processing increases 1.695 dB, the mean square error decreases by an average of more than 30% . It
is shown that the method is suitable for nonlinear and non-stationary characteristics for the scattering echo signal processing, and able to
provide the high signal-to-noise ratio of the initial data by laser ceilometer for the next level cloud base height inversion.
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Table 2 Denoising results comparison of Block signal

SNR. EMD 53 EEMD 2.3

M SNR MSE SNR g MSE
9.2431  11.3012 0.423 1 13.641 7 0.100 1
14.7251  16.639 1 0.382 1 17.642 9 0.045 2
18.6924  20.1328 0.295 2 22.914 2 0.016 3
24.9570  27.0142 0.193 1 28.734 2 0.005 8
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Table 3 Main parameters of laser ceilometer

FESH Hufe
laser Nd: YAG
wavelenght 1 064 nm
bandwidth 0.1 nm
pulse duration 1~5s
pulse repetition rate 5 ~7 kHz
laser divergence <0.3 mrad
sampling frequency 100 MHz
max measuring range 15 km
resolution Sm
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